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ABSTRACT OF THE DISCLOSURE

The effervescent granulated material for a
pharmaceutical preparation contains calcium carbonate and
citric acid, where 5 to 20 parts by weight of the total acid
provided for the reaction with the calcium carbonate are
replaced by at least one of the following compounds: malic
acid, gluconic acid and lactic acid as well as theilr
(preferably acid) salts. Citric acid and calcium carbonate
are granulated with an attendant partial reaction, and in
each case at least a part of the compound partially replacing

the citric acid is granulated in solid, powdered form
together with the citric acid and the calcium carbonate

and/or dissolved in granulation liquid or buffer solution.
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| FEffervescent Granulated Material And Method For Its

Preparation

The invention relates to effervescent granules
for the preparation of a pharmaceutical formulation
containing citric acid and calcium carbonate, and a
process for the preparation of said granules. The
preparation of such products is described, for example,
in FR-A-2 552 308 and US-A-4 867 942. However, high-
dose effervescent calcium tablets which contain 2.5 g
of calcium carbonate (equivalent to 1000 mg of caicium}
and 4-4.5 g of citric acid show that effervescent
solutions containing a relatively high concentration of
calcium ions‘ dissolved in 150 or 200 ml of water tend
to form precipitates of insoluble tricalcium citrate on
prolonged standing of the ready-to-drink solution. The
time up to precipitation of the tricalcium citrate and
the amount of the precipitate are depéndent on the
concentration of the calcium ions and citric acid 1in
the ready-to-drink solution. However, since the
consumer prefers to dissolve a tablet in 150 to not

more than 200 ml of water, and very often the solution

is not drunk immediately, this phenomenon 1is always a
point of criticism, and all the more so since even
offervescent tablets which contain only 500 mg of
calcium ions in 150 ml of water exhibit such a
precipitation, even if with a substantial delay, 1i.e.
of up'to about 1 hour. .

WO 94/00107 has already proposed delaying this
undesired effect by replacing a significant part (25 to
73%) of the citric acid with malic acid, and optionally
by various salts. They interfere with the formation of
pure tricalcium citrate - evidently by partial binding

~f the calcium carbonate and by formation of mixed
salts - so that it takes substantially longer for the

law of mass action to apply.
However, such large amounts of malic acid make

the product considerably more expensive and restrict
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the use essentially to powder mixtures which can be
compressed to give tablets only by special measures.
The granulation properties of the material are in fact
seriously impaired by these large additions: the
material becomes very pasty. In addition, such tablets
dissolve too slowly and residue formation may occur
under certain circumstances during dissolution, since
the conversion to, for example, calcium malate takes
place too slowly during the dissolution process; this

then results in residues of unreacted calcium

carbonate.
The addition of the delta-lactone of gluconic

acid, proposed in FR-A-2 552 308 (Example 4), also
exhibits the effect according to the invention much too
weakly, since said lactone liberates gluconic acid only
in the presence of relatively large amounts of water,
so that the advantages expected for the preparation of
the effervescent granules (see below) are not achieved.
These problems are now solved in a surprising
manner for the first time by replacing 5 to 20,
preferably 10 to 15, percent by weight of the citric
acid with at least one foreign acid which, apart from
malic acid, may also be gluconic acid or lactic acid.
Sther acids are therefore less advantageous because
rartaric acid forms an insoluble calcium tartrate;
adipic acid and ascorbic acid exhibit the desired
effect only weakly, if at all, and adipic acid itself
is moreover only slightly soluble. On the other hand,
the stated lower limit is also important: the claimed
acids too exhibit the desired effect only too weakly,
if at all, when they are used in amounts of only less
than 5 percent by weight. '
During many attempts to solve the problem, it
was found that replacing as little as 100 mg of citric
acid with malic acid in an effervescent tablet with
1000 mg of calcium delays the precipitation time 1in
125 ml of water: a batch with a very strong tendency
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towards precipitation was improved from an original
value of 7 min by 30% to 9.5 min and, with the addition
of 200 mg, by 50% to 11 min. The turbidity was tested
photometrically as absorbance at 480 nm at an identical
value in order to obtain objective parameters.

Replacing only 5-15% by weight of the citric
acid with malic acid increases the precipitation time
almost by a factor of 2, but at least by 50% (cf. Fig.
1) without changing the pH of the solution. It 1is
furthermore found that the foreign acids have the same
effect regardless of whether incorporation in the
granules or dry mixing is carried out, although
granulation is pretferred, not least for process
engineering reasons.

Further acids which have proved advantageous are
gluconic acid and 1lactic acid, and the latter may
simultaneously be used as granulating solution.

For the ©preparation of the effervescent
granules, too, the addition of a second ‘acid has proved
advantageous with regard to the precipitation. In the
preparation of effervescent granules of calcium
carbonate and possible alkali metal carbonates and
bicarbonates with «citric acid, large amounts of
solutions are required in order to obtain a partial
reaction of calcium carbonate and <citric acid;
moreover, elevated temperatures additionally have an

effect during the granulation or during the drying;

- consequently, a small amount of tricalcium citrate 1is

formed in some cases during the preparation of the
granules themselves and appears as an insoluble residue
in the glass immediately after dissolution of the
granules or of the tablet.

The addition of foreign acids is therefore
advantageous during granulation because this suppresses
the formation of tricalcium citrate during granulation
and drying and substantially simplifies the production
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of such an effervescent tablet without special

precautions.
Furthermore, the preparation of granules in the

presence of the foreign acid is improved by virtue of
the fact that, on wetting of the solutions, mutual
dissolution of citric acid and foreign acid, i.e. for
example malic acid, occurs, resulting in a melting
point depression of both acids, which is an extremely
good tabletting aid.  This also permits simpler
production of the product, so that there is greater
independence of the particle structures and it is
possible to use powdered citric acid or a mixture of
crystalline citric acid and powdered malic acid without
tricalcium citrate being formed as a result of the
increased contact of calcium carbonate with citric acid
during the granulation reaction. As a result of the
melting point depression mentioned and  mutual
penetration o©of the solutions, granules which are
extremely elastic and easy to compress arz obtained.
The granulation can be carried out with polar
solvents and polar solvent mixtures, and of course the
use of buffer solutions is also advantageous for
preventing excéssively.strong reactions. '
As already mentioned, it is also possible to
carry out granulation with a solution of, for example,
malic acid or lactic acid in polar solvents, the

effects of the improved granulation behaviour, of the

prevention of the formation of tricalcium citrate
during the preparation and also of the delay of
precipitation in the glass being retained.

The fluorine compounds used in osteoporosis
treatment, such as, for example, sodium fluoride,
sodium monofluorophosphate, zinc fluorophosphate, etc.,
can also be added to these granules or incorporated in
these granules. Fluoroapatites may also be
incorporated, the apatites, owing to their slight
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solubility in the milled state, being suspended in the

resulting solution and being kept in suspension.

Example 1 (Fig. 1, Batch 20/5):
Replacement of 14% of the total acid with

powdered malic acid and granulation with water/ethanol,
the citric acid being used exclusively 1in powdered

form:
2500 parts by weight of calcium carbonate are

mixed with 3700 parts by weight of powdered citric acid
and 600 parts by weight of powdered malic acid and
granulated at 45°C with 200 parts by weight of 70%
ethanol for 10 min with reaction. Thereafter, drYing
is carried out by means of reduced pressure at a
temperature of 60°C and the product is compressed to
give tablets.

The time from the dissolution of the tablet to
the occurrence of turbidity due to tricalcium citrate
was 35 min and was thus almost twice as lung as that of
a comparative tablet without malic acid.

Example 2 (Batch 20/1 in Fig. 1):
Replacement of 19% of the total acid with malic

acid; use of citric acid in crystalline and powdered
form, granulation with water:

2500 parts by weight of calcium carbonate are
mixed with 2700 parts by weight of crystalline citric
acid, 800 parts by weight of powdered citric acid and
800 parts by weight of malic acid, heated to 45°C,
granulated with 120 parts by weight of water and
finally dried. The granules are still Jjust readily
compressible.

The precipitation time was 30 min in comparison

with 15 min for the product without malic acid; it is

thus possible to achieve an increase of 100%.
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Example 3 (Batch 20/4 of Fig. 1):
Replacement of 9% of the total acid with malic

acid: similarly to Example 2, only 400 parts by weight
of the total acid can be replaced with malic acid; the
mixture is then granulated in two stages with a buffer
solution (for example, a prereaction solution
corresponding to U.S. Patent No. 4,867,942), which is
prepared as follows: 130 parts by weight of citric acid
and 27 parts by weight of calcium carbonate are

dissolved in 180 parts by weight of water. In Fig. 1,
the product 20/4 shows an increase in precipitation
time from 18 to almost 30 min at the absorbance of 2.1
in comparison with the product without malic acid

(Batch 20/2).

Example 4 (Batch 20/3 in Fig. 1):

The procedure described in Example 3 can be
adopted, the total 400 parts by weight of the malic
acid Dbeing dissolved in  the granulation liquid
comprising 300 parts by weight of an ethanol/water
mixture (1:1) and acting as a buffer solution. With
regard to the time until the beginning of formation of
the tricalcium citrate, the end product shows the same

behaviour as that of Example 3.

Example 52

The procedure is as in Example 4, except that,
instead of being prepared from malic acid, the buffer
solution 1s prepéred from 250 parts by weight of
gluconic acid or lactic acid (calculated as dry
substance) by dilution with 100 ml of water. With
regard to the time until the beginning of formation of

tricalcium citrate, the end product shows the same

behaviour as that of Example 4.



CA 02171435 2004-05-14

7
The embodiments of the invention in which an exclusive

property or privilege 1s claimed are defined as follows:

1.

£

ffervescent granules for the preparation of a

pharmaceutical formulation comprising:
calcium carbonate;

citric acid; and

a further, solid, edible, organic acid selected from the

-
p—

group consisting of malic acid, gluconic acid, lactic acid

and salts thereof, wherein 5-20% by weight of the total

F

amount of citric acid intended for reaction with the

calcium carbonate is replaced with the further, solid,

edible, organic acid.

2. Effervescent granules according to claim 1, wherein

the organic acid is covered by at least a part of the

calcium carbonate and is present in a form partially

reacted and granulated with the calcium carbonate.

3. The effervescent granules according to claim 1 or 2,
wherein 9-19% by weight of the total amount of citric acid

intended for reaction with a calcium carbonate 1s replaced

with a further, solid, edible, organic acid.

4 . The effervescent granules according to claim 3,

Frie
pre—

wherein 10-15% by weight of the total amount of citric acid

intended for reaction with the calcium carbonate 1s

replaced with the further, solid, edible, organic acid.

5. Effervescent granules as claimed 1in any one of claims
1 to 4, wherein said granules consist essentially of:
calcium carbonate;

citric acid; and
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a further, solid, edible, organic acid selected from the

group consisting of malic acid, gluconic acid, lactic acid

and salts thereof.

6 . Effervescent granules for the preparation of a

pharmaceutical formulation comprising:

calcium carbonate;

citric acid;

a further, solid, edible, organic acid selected from the
group consisting of malic acid, gluconic acid, lactic acid
and salts thereof;\and

a pharmaceutically effective amount of at least one

fluorine compound, wherein 5-20% by weight of the total

amount of citric acid intended for reaction with the
calcium carbonate is replaced with the further, solid,

edible, organic acid.

7. The effervescent granules according to claim 6,
wherein 9-19% by weight of the total amount of citric acid
intended for reaction with a calcium carbonate is replaced

with a further, solid, edible, orgahic acid.

8 . ‘The effervescent granules according to claim 7,
wherein 10-15% by weight of the total amount of citric acid
intendéd for reaction with the calcium carbonate 1is

replaced with a further, solid, edible, organic acid.

O. A process for the preparation of effervescent granules
comprising:

calcium carbonate;

citric acid; and

a further, solid, edible, organic acid selected from the

group consisting of malic acid, gluconic acid, lactic acid
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and salts thereof, wherein 5-20% by weight of the total

amount of citric acid intended for reaction with the

calcium carbonate 1s replaced with the further, solid,

edible, organic acid;

the process comprising:
granulating citric acid and calcium carbonate with a

partial reaction, wherein at least part of the
further, solid, edible, organic acid that.replaces the
citric acid is mixed 1in a solid powdered form with the
citric acid and the calcium carbonate and the

substances are granulated together with moistening.

10. The process according to claim 9, wherein 9-19% by
weight of the total amount of citric acid intended for
reaction with a calcium carbonate 1s replaced with a

further, solid, edible, organic acid.

11. A process for the preparation of effervescent granules
comprising:

calcium carbonate;

citric acid; and

é further, solid, edible, organic acid selected from the
group consisting of malic acid, gluconic acid, lactic acid
and salts thereof, wherein 5-20% by weight of the total
amount of citric acid intended for reaction with the
calcium carbonate is replaced with the further, solid,
edible, organic acid;

the process comprising:

granulating citric acid and calcium carbonate with a

partial reaction, wherein at least part of the

further, solid, edible, organic acid that partially

X

esplaces the citric acid is dissolved in a granulation

ligquid.
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12. The process according to claim 11, wherein 9-19% by

weight of the total amount of citric acid intended for

X

caction with a calcium carbonate i1s replaced with a

further, solid, edible, organic acid.

13. . The process according to claim 11 or 12, wherein the

granulation liquid i1s a buffer solution.
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