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Gelatin capsule fill able to foam.

This 1nvention relates to pharmaceutical products

and to their preparation. In particular, the invention
relates to encapsulated products which are capable of
generating a foam when contacted with water.

It 1s known to treat reflux ocesphagitis by
administration of a preparation which on contact with
gastric acid generates a carbonated gelatinous foam or
raft which floats on the stomach contents. When reflux
occurs 1t 1s this raft which precedes the stomach
contents i1nto the oesophagus thus protecting the mucosa
from further 1rritation. Known preparations of this
type 1nclude solid preparation in the form of powders or
tablets containing alginic acid, sodium bicarbonate and
antacid materials or liquid preparations containing
sodium alginate, sodium bicarbonate and calcium
carbonate marketed under the name GAVISCON™ (owned by
Reckitt & Colman Products Ltd). British Patent No.
1524740 discloses such ligquid preparations.

US Patent No. 4172120 discloses a preparation

including cholestyramine which is retained in the

stomach for a prolonged period of time and is therefore

more effective 1n binding duodenally refluxed bile.

This preparation includes alginic acid and/or sodium
alginate together with sodium bicarbonate which on being
swallowed react with gastric acid to form a carbonated
raft which holds the cholestryamine sufficiently loosely
that 1t 1s able to absorb bile acid in the stomach.

The carbonated alginic acid raft type of product is

further exemplified by ALGICON™ (owned by Rhone-Poulenc
Rorer) described in European Patent No. 0179858 Bl as
contailning magnesium alginate, potassium bicarbonate,
magnesium carbonate and as antacid materials aluminium
hydroxide/ magnesium carbonate co-dried gel.

It has now been found that foam generating

I]

compositions may be confined within a gelatin capsule if
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the ingredients are dispersed within an o1l or
hydrophilic ligquid vehicle.
Therefore according to the present invention there

is provided a pharmaceutical product in the form of a

gelatin capsule with a fill comprising a hydrogel
material, a gas generator and an oll-based or
hydrophilic based liquid vehicle, whereln upon contact
with acidic aguecus medium the gelatin capsule breaks
up, disperses or dissolves and the fill reacts to ftorm a
foam.

The product of the invention may be 1in the form of
soft or hard gelatin capsules which may be chewed or
swallowed or simply immersed in an agueous medium. The
ingredients of the fill are adapted to produce a foam
upon contact with water, particularly upon contact with

A—

acidic, relatively low pH water of the kind present in a

human stomach. The preferred gas generator 1s a
bicarbonate e.g., sodium bicarbonate. On contact with
acid, sodium bicarbonate reacts to produce carbon
dioxide which becomes entrapped i1n the hydrogel material
to form the foam.

The products of the 1nvention have a wide range of
uses e.g. therapeutical treatment, delivery of a food
supplement and as a dietary product. The term

pharmaceutical product hereiln 1s used generically to

refer to products for all such uses.

The fi1ll may optionally include one or more active
ingredients such as, pharmacologically active compound,
food supplements, dietary products or any combination
thereof. When a capsule reaches the stomach and
ruptures, 1ts contents will be released and a foam
formed. Alternatively, a capsule may be bitten in the
mouth and subsequently swallowed. The active
ingredient, such as a drug, will be incorporated in the
foam and gradually leached out in the stomach to produce
a local or systematic effect. 1In a medical application,

y—

this process has a number of advantages. Primarily, the
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release of the drug and its absorption from the foam 1is
gradual, resulting in better absorption of the drug.
The absorption is also more consistent, since gastric
emptying times are less variable following oral
administration of the foam producing product. Less
variation in gastric emptying times means that the time
taken for the drug

to reach the main absorptive reglion of the upper small
intestine is more consistent. This process also
provides improved convenience for patients who require
concomitant therapy.

Products according to the present invention are
particularly useful in the oral administration for the
treatment of digestive probklems, such as gastro-
ocesophageal reflux, hiatus hernia and heartburn.

However, the products of the 1nvention are not
limited to oral administration and the capsules may be
added to acidic aquecus medium to generate a foam which
is then topically applied or 1lngested.. _

Examples of suitable hydrogels include polyurcnic
acids, such as alginic acid or its salts; pectins;
polvacrylic acids such as Carbomer; modified celluloses
such as hydroxypropyl methylcellulose; microbial
polysaccharides, such as Xanthan gum; gellan and
carageenan. Mixtures may also be used.

A feature of certain hydrogels, particularly
polyuronic acids, is that in agueous solution they
undergo inter-mclecular cross-linking with divalent
metal ions. For example, polyuronic acids are block co-
polymer molecules c¢onsisting of poly—-mannuronic and
poly-guluronic acid residues. Divalent metal ilons such
as calcium in solution will bind by hydrogen bonding,
between matching chain regions of poly-guluronic acid.
In an agueolus medlum, 1t 1s known that polyuronates,
such as alginate, form gels in the presence of dissolved

divalent metal ions.
Preferably the hydrogel material is the sodium,

SUBSTITUTE SHEET (RULE 26}
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potassium, ammonium, magnesium or calcium salt of

alginic acid or the propylene glycol esters or mixtures

thereof.

It has been found that when the polymeric material

is alginic acid or a salt of ester thereof foams or

rafts of higher strength are btained if the composition
includes a source of divalent calcium or trivalent
aluminium ion which act as cross-linking agents.
Suitable sources of calcium ions are those derived from
the carbonate, lactate, chloride, gluconate, phosphate,

hydrogen hosphate, sulphate, tartrate or citrate salts.

Suitable sources of aluminium ions are derived from the
carbonate, lactate, glycinate or phosphate salts or from
aluminium magnesium carbonate hydroxide, magaldrate,
aluminium sodium carbonate hydroxide or aluminium sodlium

silicate. Generally, the relative quantities by welght

of the calcium salt or aluminium compound to the alginic

acid or alginate calculated as ions are 4 to 120 Ca®’ to

500 alginate or 2 to 80 Al’°" to 500 alginate

respectively.

Suitable gas generators include carbonate or
bicarbonate salts, such as, potassium carbonate or
bicarbonate, sodium carbonate or bicarbonate, calcium
carbonate, sodium glycine carbonate, magnesium carbonate
or aluminium carbonate. The carbonate or bicarbonate
salt is present in an amount so as to provide an

adequate volume of gas (carbon dioxide) to foam the gel

produced when the fill contacts the aqueous acidic

il

medium. Generally, the relative quantitilies by weight o
hydrogel material to the carbonate or bicarbonate
calculated as ions is 35 to 300 COs3°" or HCO;. to 500

hydrogel material.
It will be understood that the rigidity and

thickness of the carbonated foam formed on contact with
the aqueous acidic medium may be varied by altering the
ratio of carbonate or bicarbonate to the hydrogel

P

material and upon the type of the hydrogel material.
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Suitable oil-based liguid vehicles for use in the
invention include hydrogenated natural oils, synthetic
oils such as polymethylsiloxane (dimethicone), neutral
oils such as fractionated cocoriut oil, mineral oils,
triacetin, ethyl oleate, and other natural olils such as:

Soyabean 0il; Arachis 0il; Corn 0il; Sesame 0O1il; Clive
0il; Rapeseed 0il; Sunflower 0il and safflower 0il. A
preferred oil is fractionated coconut oil.

Suitable hydrophilic based ligquid vehicles for use

_in the invention include: Polyethylene Glycols (PEGs),

particularly PEG 400 and PEG 600; Glycofurol;
Polyglycerols; Propylene Glycol; Ethanol; Glycerol;
Transcutol; polysorbate and propylene carbonate.
Mixtures of liquid vehicles may also be used.
Surprisingly, it has been found that sodium
bicarbonate can be dispersed with a hydrogel in an oil-
based vehicle without the oil inhibiting the formation
of a foam on contact with water. It is also surprising
that interaction between sodium bicarbonate and the
agqueous gelatin shell to provoke premature gas formation
can be avoided even during long term storage. This 1s
particularly relevant when a soft gelatin capsule 1is
used as at the manufacturing stage the water content of
the capsule shell is relatively high; for example 20 ToO
30% by weight, although the water content falls to
about, 5 to 10% by weight during storage. Contact
between the sodium bicarbonate and the capsule shell can
be largely inhibited by efficient mixing to ensure
complete coating of the bicarbonate particle surfaces
with the oil-based vehicle. The selectiocn of the
particle size of the bicarbonate is also significant.
The particle size is relevant to the gquality of the foam
produced, and particle sizes not exceeding 1l00um are

preferred.
The stability of the suspension of the carbonate

and/or bicarbonate may be improved by the additlion of a

thickening agent. Suitable thickening agents include

SUBSTITUTE SHEET (RULE 26}
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colloidal silicon dioxide, such as Aerosil, hydrogenated
vegetable fats, glycerol monostearate or glycerol
palmitate, and high molecular weight polyethylene
glycols e.g. PEG 1500 to PEG 300.

Another preferred additional ingredient in the

contents of capsules of the invention 1s a surfactant.
Efficient dispersion of the oily suspension formulation
on contact with the agueous medium can be enhanced by
the use of suitable surfactant system. Surfactants can
improve the volume and strength of the foam produced, by
maximising the contact with water and allowing the
maximum amount of gas to be entrapped. They also
increase the opportunity for divalent metal ions to
interact with the hydrogel. Suitable surfactants
include:

Reaction products of natural or hydrogenated

vegetable oi1ls and ethylene glycol; 1i.e.

polyoxyethylene glycolated natural or

nydrogenated vegetable oils; e.g. of the type

avallable under the Trade Names CREMOPHOR™

and NIKKOL™:

Polyeoxyethylene-sorbitan-fatty acid esters;

e.g. mono- and tri-lauryl, palmityl, stearyl
and oleyl esters; e.g. of the type available
under the Trade Name TWEEN™;

Polyoxyethylene fatty acid esters; e.q.

polyoxyethylene stearic acid esters of the type
avallable under the Trade Name MYRJ™:
Polyoxyethylene-polyoxypropylene co-polymers;
e.g. of the type available under the Trade Names
PLURONIC™ and EMKALYX:;
Polyoxyethylene-polyoxypropylene block co-
polymers; e.g. of the type available under the
Trade Name POLOXAMER;

Dioctylsuccinate, dioctylsodiumsulfosuccinate,
di- (2-ethylhexyl) -succinate or sodium lauryl

sulfate;
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Phospholipids, 1n particular lecithins;

Propylene glycol mono- and di-fatty acid esters
such as propylene glycol dicaprylate; propylene
glycol dilaurate, propylene glycol hydroéystearate,
propylene glycol isostearate, propylene glycol
laurate, propylene glycol ricinoleate, and
propylene glycol stearate, most preferably
propylene glycol caprvlic-capric acid diester

as 1s avalilable under the Trade Name MIGLYOL™ 840;
Bile salts, e.g. alkali metal salts such as sodium
taurocholate;

Trans-esterification products of natural'vegetable
01l triglycerides and polyalkylene polyols (e.g.
LABRAFIL™) ;

Mono-, di- and mono/di-glycerides, especially
esterification products of caprylic or capric acid
with glycerol; e.g. of the type available under
the Trade Name IMWITOR™:

Sorbitan fatty acid esters e.g. of the type

avallable under the Trade Name SPAN™, including
sorbitan-monolauryl, -monopalmityl, -monostearvyl, -
tristearyl, -monooleyl and triocleyl esters;
Monoglycerides, .e.g. glycerol monooleate, glycerol
monopalmitate and glycerol monostearate, for
example of the type available under the Trade Names
MYVATEX™, MYVAPLEX™ and MYVEROL™, and acetylated,
e.g. mono- and di-acetylated monoglycerides, for
example those available under the Trade Name
MYVACET™;

Glycerol triacetate or (1,2,3)-triacetin.

Capsules of the invention can include
flavouring and aromatic components, in the fill and/or
1n the capsule shell material itself. Suitable
components 1include essential oils such as lemon, orange
and peppermint oils; fruit flavours; aniseed; liquorice;

caramel; honey; cream; various spices and combinations
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of these and cther flavours. Such components are
supplied by International Flavours & Fragrances, IFF
(GB) Ltd. of Haverhill, suffolk, CB9 8LG ENGLAND.

Natural or artificial sweeteners can also be used,
such as; Aspartame, Saccharin, Acesulphame K,
Neohesperidine hydrochloride, Mannitol, Xylitol, and
Maltitol;

Taste-masking ingredients such as lon exchange
resins, cyclodextrins and adsorbates may also be used.

The gelatin capsules may be simultaneously formed
and filled using conventional methods and apparatus such
as disclosed, for example, in an article by H. Seager in
Pharmaceutical Technology September 1985.

The fill is generally prepared by admixing the
hydrogel material and gas generator with the liquid
vehicle. The thickener is generally added after the
initial admixture.

A high speed mixer or colloidal mill is preferably
used to ensure a thorough dispersion is obtained.
Heating may be employed when necessary.

The encapsulation machine is suitably an R.P.
Scherer encapsulation machine.

The invention will now be illustrated by the

following Examples.

Example 1
A basic formulation for the contents of . .a soft

gelatin capsule embodying the present invention is as

follows
Ouantitv per Capsule
Sodium Alginate _ 500mg
Calcium Carbonate - 160mg
Sodium Bicarbonate - 270mg
Fractionated Coconut 011 580mg

on addition of this formulation to an acidic

agqueous medium a foam is produced which floats on the

SUBSTITUTE SHEET (RULE 26)
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surface. The foam 1s uniformly distributed on the
surface and is stable for a substantial period. This
formulation can be used as the basis for a therapeutic,
pharmaceutical or dietary product, although the

5 proportions may well have to be adjusted to accommodate

the additional ingredient or ingredients.

Example 2
Fill Fo tion: o
10 | Quantity per Capsule
Alginic Acid. 500mg
Sodium Bicarbonate . S 54 0mg
Calcium Carbonate _ . 308mg
Fractionated Coconut 0il : 603mg
15 Lecithin, light ' | 12mg
Example 3 o .
Fill Formulation: . . e
Quantity per Capsule
20 Alginic Acid . . 500mg
Sodium Bicarbonate _ : - 250mg
Calcium Carbonate - - . 4 08mg
Fractionated Coconut 0il . 743mg
Lecithin, light -~ - ' 15mg
25 Colloidal Silicon Dioxide * 34mg
Sorbitan Fatty Acid Esters ** T . 34mg
Polysorbate 80 **% 18mg
% Aerosil 300
30 % % Span 80
*%% Tween 80
Example 4
Fill Formulation: e .
35 - - | Quantity per Capsule
Sodium Alginate . . o 500mg
Calcium Carbonate _ . 800mg

SUBSTITUTE SHEET (RULE 26)
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Quantity per Capsule

10
Sodium Bicarbonate : : : 400mg
Fractionated Coconut 011 . 594mg
Lecithin 12mg
Carbomer | - - 3mg
Sorbitan Fatty Acid Esters (Span 80) 34mg
Polysorbate 80 " 18mg
Example 5 | .

Formulation:

Sodium Alginate 500mg
Calcium Carbonate 8 00mg
Sodium Bicarbonate 400mg
Fractionated Coconut 011 594mg
Lecithin 12mg

Colloidal Silicon Dioxide (Aerosill) 34mg
Sorbitan Fatty Acid Esters (Span 80) 34mg
Polysorbate 80 18mg

Example 6

Capsules in a standard gelatine shell were prepared

having the following fill weights:

Fill Formulation o
Sodium Alglnate 500mg
Sodium Bicarbonate BP | 100mg
Calcium Carbonate - : 30mg
Fractionated Coconut 011 _ - _ 600mg
Leclthin l12mg
Colloidal Silicon Dioxide - 34mg
Sorbitan Fatty Acid Esters. 34mg
Polysorbate 80 _ 20mg
Flavouring, cclouring, sweetener 80mg

Example 7

Capsules.were prepared as 1n Example 6 except the

SUBSTITUTE SHEET (RULE 26}

amount of. calcium carbonate in the £fill formulation was
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increased to 100mg.
Example 8
5 Capsules were prepared as in Example 6 having the
following fill:
Quantity/Capsule
Sodium Alginate 500mg
Xanthan Gum 100mg
10 Sodium Bicarbonate 100mg
Calcium Carbonate - 100mg
Aerosil - 35mg
Flavour, Sweetener S : gs
Soya Bean 0il : gs ad
15 ' |
1500mg
Example 9

Capsules were prepared as in Example 6 having the
20 following £fill: | |

Quantity/Capsule
Alginic Acid - 500mg
Carrageenan 100mg
Sodium Carbonate | - 100mg
25 Calcium Chloride - .. 1l00mg
Aerosil . 35mg
Polysorbate 80 . . 20mg
Flavour, Sweetener L - gs
Fractionated Coconut 0il  gs ad
30 ' o
1500mg

Example 10

Capsules were prepared as in Example 6 having the

35 following fill:
Quantity/Capsule

Magnesium Alginate _ 500mg

SUBSTITUTE SHEET (RULE 26)
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Gellan Gum 50mg
Magaldrate 200mg
Sodium Bicarbonate | 150mg
Glyceryl Mono-Stearate - 100mg
Polysorbate 80 20mg
Flavour, Sweetener - gs
Fractionated Coconut 01l gs ad

1600mg

Example 11

Capsules were prepared as 1n Example 6 having the

following f£ill: -
Quantity/Capsule

Alginic Acid _ 300mg
Pectin 300mg
Calcium Carbonate : -150mg
Sodium Bicarbonate 150mg
Hydrogenated Vegetable Oil . 150mg
Lecithin 15mg
Flavour, Sweetener _ - gs
Arachis 011l | § _ gs ad
1550mg

SUBSTITUTE SHEET (RULE 26)
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CLAIMS

The embodiments of the invention in which an exclusive

property or privilege 1s claimed are defined as follows:

1. A pharmaceutical product 1n the form of a soft
gelatin capsule with a fill comprising a hydrogel material, a

gas generator, and an oil-based liquid vehicle, the gas

generator comprising a mixture of a carbonate and a

10 bicarbonate having a particle size not exceeding 100 um which
is suspended in said oil-based liquid vehicle, wherein upon
contact with acidic aqueous medium the soft gelatin capsule
breaks up, disperses or dissolves and the fill reacts to form

a foam.

15 2. A product as claimed in claim 1 in which the
hydrogel material 1s sgselected from the group consisting of
polyuronic acids; pectins; polyacrylic acids; modified

cellulose and microbial polysaccharides.

3. A product as claimed in claim 1 or claim 2 in which
20 the hydrogel material 1s selected from the group consisting of
alginic acid, alginates, pectin, xanthan, gellan, carageenan

and mixtures thereof.

4 . A product as claimed 1in claim 3 wherein the hydrogel
material i1s alginic acid or the alginates, is the sodium,
25 potassium, ammonium, magnesium or calcium salts or the

propylene glycol esters or mixtures thereof.

5. A product as claimed in claim 3 which includes a

calcium or aluminum cross-linking 1ion.

U IRt puiv bt Dkt AR A Ul o b PRI G YA T o ot ] T AT e A A 4 M) AP i Ba A T e s a b e s 1 0 A T
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6 . A product as claimed in claim 5 wherein the calcium
1on 1s derived from the carbonate, lactate, chloride,

gluconate, phosphate, hydrogen phosphate, sulphate, tartrate

Qr citrate salt.

5 7. A product as claimed 1n claim 5 wherein the aluminum

ion 1s derived from the carbonate, lactate, glycinate or

phosphate salt or from, aluminum magnesium carbonate

hydroxide, magaldrate, aluminum sodium carbonate hydroxide or

aluminum sodium sgilicate.

10 8 . A product as claimed in claim 1 in which the
carbonate or bicarbonate 1s potassium carbonate or
bicarbonate, sodium carbonate or bicarbonate, calcium

carbonate, sodium glycine carbonate, magnesium carbonate or

aluminum carbonate.

15 9. A product as claimed in claim 1 in which the oil-
based or hydrophilic based liquid vehicle 1s fractionated

coconut o1l, polyethylene glycol, propylene glycol or

triglvcerides.

10. A product as claimed in claim 1 in which the fill

20 includes a surfactant.

11. A product as claimed in claim 1 in which the fill

1ncludes a thickening agent.

12. A product as claimed in claim 11 in which the

thickening agent is colloidal silicon dioxide.

25 13. A product as claimed in claim 1 in which the fill
1ncludes a pharmacologically active compound, a food

supplement and/or a dietary product.
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14. A product as claimed in claim 1 further having a

carbonate-to-bicarbonate weight ratio of 16:27.

15. A product as claimed in claim 1 further having a

carbonate-to-bicarbonate weight ratio of 154:270.

16. A product as claimed in claim 1 further having a

carbonate-to-bilicarbonate weight ratio of 204:125.

17. A product as claimed in claim 1 further having a

carbonate-to-bicarbonate weight ratio of 2:1.

18. A product as claimed in claim 1 further having a

carbonate-to-bicarbonate weight ratio of 3:10.

19. A product as claimed in claim 1 further having a

carbonate-to-bicarbonate weight ratio of 1:1.

20. A pharmaceutical product in the form of a soft
gelatin capsule with a fill comprising a hydrogel material, a
surfactant, a gas generator, and an oil-based liquid vehicle,
the gas generator comprising a mixture of a carbonate and a

bicarbonate having a particle size not exceeding 100 um which

is suspended in said oil-based liquid vehicle, wherein upon

contact with acidic aqueous medium the soft gelatin capsule

breaks up, disperses or dissolves and the fill reacts to form

a foam.

21. A method of encapsulating a focam forming mixture

comprising a hydrogel material and a gas generator, the gas
generator comprising a mixture of a carbonate and a
bicarbonate having a particle size not exceeding 100 um, the

method comprising admixing saild foam forming mixture with an

oil-based liquid wvehicle to form a fill formulation and

enncapsulating the fill formulation in a soft gelatin capsule.
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