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1. A pharmaceutical unit dosage form comprising a 
gelatin Shell enclosing a gelled polymeric matrix, wherein 
said dosage form is prepared by the process comprising:

(a) forming a liquid fill comprising an aqueous 
solution or dispersion of a polysaccharide gum and 
phatmaceutically-active compound;

(b) encapsulating Said liquid fill in a gelatin 
shell wherdin the gelatin Sell comprises gelatin, an 
effective amount of a plasticizer, water and an amount of 
cationic gelling agent effective to gel said liquid fill; 
and

(c) gdlling said liquid fill with the cationic 
gelling agent.

6. A method for preparing a controlled-release 
pharmaceutical unit dosage from comprising:

(a) forming a liquid fill comprising an aqueous 
solution or dispersion of a polysaccharide gum and a 
pharmaceutically-active compound;

(b) encapsulating said liquid fill in a gelalH



(11) AU-B-72166/87
(10)594148

-2-

capsule; and
(c) gelling said liquid fill with an effective 

amount of a cationic gelling agent comprising metal cations 

or ammonium ions to form a polymeric matrix having said 
active compound uniformly dispersed throughout.

11. A pharmaceutical unit dosage form comprising a 
gelatin shell including an effective amount of a cationic 
gelling agent comprising metal cations or ammonium ions, 
wherein said shell encloses a water-soluble or
water-dispersible gelled polymeric matrix and a 
pharmaceutically-active compound dispersed throughout said 
matrix, wherein said matrix is formed in situ by the 
gelation of a liquid fill comprising an aqueous solution or 
dispersion of the pharmaceutically-active compound and a 
polysaccharide gum, by means of said gelling agent, 
following the encapsulation of the liquid fill, so that the 
pharmaceutically-active compound is released from said 
gelled polymeric matrix over a prolonged period when said 
capsule is ruptured in an aqueous medium.
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GELATIN-ENCAPSULATED
CONTROLLED-RELEASE

COMPOSITION

5 Background of the Invention

Soft gelatin encapsulation of a solution or dis­
persion of a pharmaceutical agent in a liquid carrier or a 
water-soluble gel offers many advantages over other dosage

10 forms such as coated or uncoated compressed solid tablets 
or bulk liquid preparations. Gelatin encapsulation of a 
solution or dispersion permits the accurate delivery of a 
unit dose, an advantage which becomes especially important 
when relatively small amounts of the active ingredient must

15 be delivered, as in the case of certain hormones. Such
accuracy is more difficult to achieve via a tabletting pro­
cess wherein solids must be uniformly mixed and compressed, 
or by incorporation of the total dose of the active 
ingredient into a bulk liquid carrier which must be measured

20 out prior to each oral administration.
Soft gelatin encapsulation provides a dosage form

which is more readily accepted by patients, since the cap­
sules are easy to swallow and need not be flavored in order 
to mask the unpleasant taste of the active principle. Soft

25 gelatin capsules are also more easily transported by
patients than bulk liquids since only the required number of 
doses need be removed from the package.

Soft gelatin encapsulation further provides the 
potential to improve the bioavailability of pharmaceutical

30 agents in the gastrointestinal tract. In the case of an
oral liquid preparation, a significant amount of the active 
ingredient may be lost in the mouth or esophageal lining, 
prior to absorption into the blood. In contrast, with soft 
gelatin capsules, the active ingredients are rapidly

35 released as soon as the gelatin shell ruptures. Complete
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disintegration and dissolution of the capsule are not 
necessary for the active ingredients to become available for 
absorption as in the case of tabletted compositions. Also, 
relatively insoluble active ingredients can be dispersed in

5 a liquid or gelled carrier to provide faster absorption.
For example, Miskel et al. (U.S. Pat. No. 3,851,051) dis­
closes soft gelatin capsules which contain aqueous solutions 
or suspensions of active ingredients in a water-soluble gel 
lattice matrix which is formulated to rapidly disperse upon

10 rupture of the capsule shell. The rapid action of the
active ingredient is ascribed to the high water content of 
the simple gel (5-20%) and the absence of an oil vehicle.
The encapsulation of solutions or dispersions of
biologically-active compounds in soft gelatin capsules is

15 disclosed in U.S. Pat. Nos. 4,486,412 and 3,784,684.
Formulations intended for the controlled release

of pharmaceutically-active compounds in vivo include solid 
particles of the active ingredient which are coated or 
tabletted with film-forming polymers, waxes, fats, silica,

20 and the like. These substances are intended to inhibit the 
dissolution, dispersion or absorption of the active 
ingredient in vivo. Although these compositions might 
be encapsulated in soft gelatin with equipment modifica­
tions, the use of such controlled release medicaments can

25 negate many of the advantages associated with the use of 
liquid filling compositions, such as the ability to uni­
formly deliver an accurate dose of the active ingredient.

Therefore, a need exists for controlled-release 
compositions which are suitable for, and compatible with,

30 soft gelatin encapsulation.
A further need exists for gelatin-encapsulated

compositions which can release an accurate dose of a medica­
ment therefrom at a controlled rate following rupture of the



3

capsule shell. A need also exists for methods for the pre­
paration of gelatin—encapsulated, controlled—release com­
positions which can uniformly deliver a unit dose of one or 
more pharmaceutically active compounds in vitro or in vivo.

Brief Description of the Invention

10

15

20

30

The present invention provides a pharmaceutical 
unit dosage form comprising a gelatin capsule enclosing a 
water-soluble or dispersible gelled polymeric matrix. The 
matrix is capable of the controlled release of a
pharmaceutically-active compound therefrom at a substan­
tially constant rate when the capsule is ruptured in an 
aqueous medium. The polymeric matrix is not formed by 
simple coacervation as are the quick-release gels disclosed
in the Miskel et al. patent, but rather, is formed by the 

ββ\α.νΛοίλ
metal or ammonium cation-promoted -gcllation^of a liquid 
fill, following its encapsulation in the gelatin capsule. 
The fill comprises an aqueous solution or dispersion of a 
polysaccharide gum, such as a colloidal dispersion of a 
vegetable gum. The gallableyf ill also includes the active 
compound and optional amounts of co-solvents, buffers, sur­
factants, thickeners and the like.

-th-e—p c-q &a nt—i-nva-nt-i r&as-ted-
pharmaceutical unit dosage form prepared by a process 
comprising:

(a) forming a liquid fill comprising>^an aqueous 
solution or dispersion of a polysaccharide^gum and a 
pharmaceutically-active compound wh^€in the solution or 
dispersion optionally includes^arh alcohol;

(b) encapsulating said liquid fill in a gelatin 
capsule; and

(c) ^g€lling said liquid fill with an effective 
amount of^-efcationic gelling agent.

In a preferred embodiment of the present inven- 

uLonic·. gel 1.3 ng.-ag.gn-t—Ls-.i ncruipru-at^d entirely in-
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Thus, the present invention provides a pharmaceutical 
unit dosage form comprising a gelatin shell enclosing a 
gelled polymeric matrix, wherein said dosage form is 
prepared by the process comprising:

(a) forming a liquid fill comprising an aqueous 
solution or dispersion of a polysaccharide gum and 
pharmaceutically-active compound;

(b) encapsulating said liquid fill in a gelatin 
shell wherein the gelatin shell comprises gelatin, an 
effective amount of a plasticizer, water and an amount of 
cationic gelling agent effective to gel said liquid fill; 
and

(c) gelling said liquid fill with the cationic 
gelling agent.

The present invention also provides a pharmaceutical 
unit dosage form comprising a gelatin shell including an 
effective amount of a cationic gelling agent comprising 
metal cations or ammonium ions, wherein said shell encloses 
a water-soluble or water-dispersible gelled polymeric 
matrix and a pharmaceutically-active compound dispersed 
throughout said matrix, wherein said matrix is formed in 
situ by the gelation of a liquid fill comprising an aqueous 
solution or dispersion of the pharmaceutically-active 
compound and a polysaccharide gum, by means of said gelling 
agent, following the encapsulation of the liquid fill, so 
that the pharmaceutically-active compound is released from 
said gelled polymeric matrix over a prolonged period when 
said capsule is ruptured in an aqueous medium.

The present invention further provides a 
pharmaceutical unit dosage form comprising a soft gelatin 
shell including an effective amount of a cationic gelling 
agent comprising metal cations or ammonium ions, wherein 
said shell encloses a water-soluble or water-dispersible 
gelled polymeric matrix and an effective amount of a 
pharmaceutically-active compound dispersed throughout said 
matrix, wherein said matrix is formed in situ by the 
gelation of a liquid fill composition comprising 0.1-20% of 
a vegetable gum selected from the group consisting of
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alginate, kappa-carrageenan, pectin and mixtures thereof; 
the pharmaceutically-active compound, 5-60% of a liquid 
polyethylene glycol, and 5-75% water; wherein said gelatin 
is accomplished with the cationic gelling agent, following

5 the encapsulation of the liquid fill, so that the
pharmaceutically-active compound is released from said 
gelled polymeric matrix over a prolonged period when said 
capsule is ruptured in a physiological medium.

In a preferred embodiment of the present invention,
10 the cationic gelling agent is incorporated entirely in the

gelatin shell, and acts to gel the liquid fill after the 
fill has been enclosed in the shell. This novel 
formulation method obviates the problems associated with 
handling fills in which the gelling process is initiated

15 prior to the encapsulation step.
The present invention further provides a method for

J preparing a controlled-release pharmaceutical unit dosage
j t«> from comprising:
fit'

(a) forming a liquid fill comprising an aqueousf < 4
* 20 solution or dispersion of a polysaccharide gum and a
< i ■

'« pharmaceutically-active compound;
*' (b) encapsulating said liquid fill in a gelatin

Capsule; and
(c) gelling said liquid fill with an effective

25 amount of a cationic gelling agent comprising metal cations
or ammonium ions to form a polymeric matrix having said

«'«' active compound uniformly dispersed throughout.

* 4 4« ♦ ‘« « I
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ug-Vs to g-©-l—tte—l-iq-uid—fill—aitoi—
fill has been enclosed in the shell. This novel_f£x«mXla- 
tion method obviates the problems assocYa-terTwith handling 
fills in which the gelling prpjoesVVs initiated prior to 
the encapsulations±jep-Y^The present invention is also 
directedJao-HrhVmethod of forming the controlled-release 

-^hFgVfta-e^Q-ti&a-l—-u-n-i-fe—4o&a-g^· form·.———------------------——------
Therefore, the present dosage form can be used as 

an ingestible capsule or as a suppository, to accomplish the
10 controlled release of therapeutic agents into physiological 

media such as gastric fluid, mucus, saliva, vaginal fluid, 
rectal secretions and the like. The gelled matrix can 
stabilize the active ingredient and releases the active 
ingredient at a controlled rate which maintains a uniform

15 level of effective concentrations of the active ingredient. 
This controlled release can reduce the side effects due to 
initial overdosage, prevent wastage of the active ingre­
dient and provide better patient compliance.

As employed herein with respect to the active
20 ingredient, the term "controlled release" or "prolonged 

release" is intended to mean that the present capsules 
require at least an hour to release a major portion of the 
active ingredient into the surrounding medium, e.g., about
1-3 hours.

25 In the following description of the invention,
all percentages and parts are by weight unless otherwise 
noted.

Brief Description of the Drawings 
30

Figure 1 is a graphical representation of the rate 
of release of acetaminophen from a unit dosage form of the 
invention.

Figure 2 is a graphical representation of the rate 
of release of niacin from a unit dosage form of the inven­

tion.
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Detailed Description of the Invention

In accord with the present invention, a liquid 
fill composition is prepared by forming an aqueous solution

5 or dispersion of a vg-ellabl’e^polysaccharide gum and a 
pharmaceutically-active compound.

Polysaccharide Gum
The polysaccharide gums which are useful to form 

■· 10 the polymeric matrices of the invention are selected from
those organic gums which gel or coagulate when solutions or 
dispersions thereof are contacted with metal or ammonium

; cations. Preferred gums for use in the present invention
• ft

include vegetable gums, such as the alkali metal salts of 
15 alginic acid ("alginates"), carrageenan (preferably kappa- 

carrageenan), pectin, and mixtures thereof. These "strong
gums" re-gel from solution or dispersion to yield a con­
tinuous gel structure which is suitable as the polymeric 
matrix of the invention.

20

30

Gelling Agent
The present gum-containing liquid fills are gelled 

following their encapsulation by means of an effective 
amount of one or more cationic gelling agents. These agents 
e-omp&i-s^yalkali metal, alkaline earth metal or ammonium '
cations. Useful divalent cationic gelling agents also 
include copper (II), cadmium (II), barium (II), strontium 
(II), cobalt (II), niekel (II), sine (II), manganese (II) 
and iron (II) cations. Useful trivalent cations include 
aluminum (III), chromium (III) and iron (III). Also useful (

are heavy metal compounds which yield mobile ions in solu­
tion. Preferred water-soluble ionic compounds are selected 
from pharmaceutically-acceptable fluorides, citrates, 
phosphates, tartrates, sulfates, acetates, borates, chlori­
des and the like, of cations such as sodium, lithium,
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potassium, magnesium, calcium and ammonium. Especially pre­
ferred gelling agents include inorganic salts, i.e., 
chloride salts such as potassium chloride (KC1), calcium 
chloride (CaC^) and mixtures thereof.

10

15
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Solvent
The present hydrophillic liquid fills are pre- 

pared by dispersing or dissolving the g=e±±abia.^gum in an 
aqueous solvent system which may also include one or more 
alcoholic co-solvents such as alkanols or glycols.

Therefore, the present solvent systems will contain 
amounts of water which can act to hydrate the vegetable gum or
gums which are employed. For a given liquid fill, the amount y 2 υ ae.\eY.ejr-\okx£,V:A
of water is adjusted so that it does not s 1 yyqffect
the stability of the gelatin capsule wall of the finished pro­
duct .

Alcohols which can be employed in the present 
invention include liquid polyethylene glycols, i.e., 
polyethylene glycol-200, 300, 400 or 600, wherein the 
suffixed numbers indicate the approximate molecular weight 
of the glycol. Although a polyethylene glycol can be 
employed as the sole alcoholic solvent for the fill com­
ponents, it is often desirable to adjust the viscosity and 
solubilization power of the primary solvent by the use of 
co-solvents. Useful co-solvents include other alcohols, for 
example:

(a) lower (alkanols), such as ethanol and isopro­
panol ;

(b) C- ~ C polyols, such as a diol or triol, 
e.g., propylene -glyol·,^glycerol or mixtures thereof, or

(c) derivatives thereof, e.g., propylene car­
bonate, lower(alkyl) glycol ethers and the like. In some 
cases, mixtures of alkanols, polyols or their derivatives 
[classes (a)-(c)] can replace the liquid polyethylene glycol 
component.

Ί

1
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Pharmaceutically-Active Ingredient 
The liquid fill can incorporate one or more

pharmaceutically-active compounds which will be dispersed or
| dissolved in the solvent base of the fill in amounts which can
I 5 vary widely depending upon the biological activity, the

solubility of the active component and the desired rate of 
release of the active component from the gelled matrix.
Useful classes of pharmaceutically-active compounds which can 
be delivered by the present dosage forms include analgesics,

10 calcium channel blockers, beta-blockers, antibacterials, 
antidepressants, antidiabetics, anti-inflammatory agents, 
cerebral stimulants, sedatives, anti-parasitics,
decongestants, muscle relaxants, anti-Parkinsonism agents, 
bronchodilators, vitamins and dietary supplements such as

15 minerals, fatty acids and the like.

Bulking Agents
Bulking agents are optionally included in the 

fill to adjust the release rate of the pharmaceutical com-
20 pound from the final gelled polymeric matrix. Bulking 

j agents include, but are not limited to, starches, natural
j and synthetic cellulosic derivatives such as methyl, ethyl,
ΐ propyl, hydroxymethyl, hydroxyethyl, hydroxyoropyl or
< -hydrο>φ&5ρ^1^ιο1^33^ο^1ύΛη.ΧαΒ·ο·6·,silica and other natural and
S 25 synthetic silicic acid analogues, other vegetable gums such
i as iota-carrageenan, lambda-carrageenan, tragacanth, karaya,
"j
j ghatti, guar, tamarind, psyllium, quince, larch, and the

like. Although some of these gums can gel to some extent by 
coacervation, they do not cation-gel to the degree required

30 to yield a solid matrix which is effective for the 
controlled release of the active ingredient in vivo.

Dispersing Agents
The fill component of the present invention may 

optionally comprise minor but effective amounts of one or
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more dispersing agents. The release rate of active
ingredients which are insoluble or exhibit low solubility in 
the aqueous solvent system can be enhanced by the use of 
these dispersants.

Useful dispersants include nonionic surfactants 
such as the C]_2-l“20 acid esters of sorbitol and its
anhydrides ("Spans") optionally co-polymerized with about 
15-90 moles of ethylene oxide ("Tweens"). Typical polysor­
bates which aid in the formation of the present dispersions 
and can help to stabilize the gelatin capsule include poly­
sorbate 20 (a laurate ester); polysorbate 40 (a palmitate 
ester); polysorbate 60 (a mixture of stearate and 
palmitate esters); and polysorbate 80 (an oleate ester) 
wherein the suffixed numbers indicate the approximate mole 
ratio of ethylene oxide to sorbitol. For a general discus­
sion of the properties and composition of the polyethylene 
glycols and the polysorbates, see Remington's Pharmaceutical 
Sciences, A. Osol, ed., Mack Pub. Co. (16th ed. 1980) at 
pages 1252-1253, the disclosure of which is incorporated by 
reference herein. Other useful dispersing agents include 
triglycerides of long or medium chain length such as 
lecithin and vegetable oils such as palm oil, coconut oil, 
corn oil, soybean oil and the like. Waxes such as high 
molecular weight polyethylene glycols (m.w. 1000-8000), 
beeswax, spermaceti, lanolin, ouricuri and the like can also 
function as dispersing agents within the context of the pre­
sent invention. The dispersing agents may be present in an 
amount from about 1-20% by weight of the capsule contents.

Therefore, preferred liquid fill compositions for 
use as the gel-matrix precursors will comprise about 0.1-20% 
preferably about 2-10.0% of the cation-geiiabie^poly’- 
saccharide gum; about 0.05-5%, preferably about 0.1-2.5% of 
a cationic gelling agent comprising a metal cation or 
ammonium ion; and about 0.0001-90%, preferably about 0.1-75% 
of a pharmaceutically-active compound. These components are

r

/
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dispersed or dissolved in an aqueous solvent system. Thus, 
the liquid fill will comprise about 5-75%, preferably about 
20-50% water and optionally, about 5-60%, preferably about
7.5-40% of propylene carbonate or a liquid polyethylene

5 glycol, and about 1-15% of a C2-C4-polyol, a lower (alkanol) 
or mixtures thereof. The present liquid fills also can 
include about 0.1-90%, preferably about 0.3-25%, of a 
bulking agent such as methyl or ethyl cellulose, a "weak" 
vegetable gum, or mixtures thereof, as well as minor but

10 effective amounts of buffers such as citrates, fumarates, 
adipates and the like.
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Encapsulation
... The liquid fill can be prepared by adding the

15 -geiiabie-\gum along with the bulking agent and buffers, if 
any, to the pre-formed solvent system, with agitation as 
necessary, followed by addition of one or more active ingre­
dients. Although the gelling agent can be incorporated into 
the liquid fill at this point, it is preferable to incor-

20 porate a part or, most preferably, all of the gelling agent 
into the plasticized gelatin which is employed to encap­
sulate the fill. Following encapsulation of a suitable 
amount of the homogeneous liquid fill, the gelling agent is 
brought into contact with the dispersed or dissolved gum and

25 acts to resolidify it to yield a coherent gelled matrix.
The matrix incorporates the active compound uniformly dis­
persed throughout.

The capsules are dried to the extent that the 
residual water in the gelled fill does not deleteriously

30 affect the capsule wall, e.g., until about 0.5-12%, prefer­
ably about 2.5-7.5% by weight of water is present in the 
fill.

Although encapsulation of the present fill 
materials in soft gelatin capsules is preferred, the present 
method can also be employed to gel fill materials which have
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been encapsulated in two-piece hard gelatin capsules or in 
soft gelatin suppositories, e.g., for the vaginal, rectal, 
sublingual or buccal administration of the present pharma­
ceutical dosage forms. In addition to gelatin, the capsule

5 wall can include water and an effective amount of plasti­
cizer such as glycerin, sorbitol or mixtures thereof. The 
shell of the present capsules can also include minor but 
effective amounts of opacifiers, coloring agents, preser­
vatives and the like.

10 The invention will be further described by
reference to the following detailed examples.

Example I - Acetaminophen Dosage Form

15 A. Fill Composition

Acetaminophen: 500 parts
Sodium Alginate: 15 parts
Kappa-Carrageenan : 41 parts

20 Iota-Carrageenan : 5 parts
Water : 468 parts
Polyethylene Glycol 400: 468 parts

B. Soft Gelatin Shell
25

Gelatin : 199 parts
Glycerin: 72 parts
Water: 146 parts
CaC^: ' 3 parts

30 KC1: 5 parts

C. Fill Preparation

The gums, water and polyethylene glycol are 
35 combined in a suitable vessel and agitated
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until a uniform mixture results. The acetami­
nophen is added, and agitation is continued 
for about 45 min. The liquid blend is then 
milled .

D. Shell Preparation

Gelatin, glycerin and water are added to a 
suitable vessel and agitated with heat until 
a uniform melt results. The CaC^ and the KCl 
are then added to the molten gelatin.

E. Encapsulation

15
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The shell preparation was employed to encap­
sulate 1200 mg portions of the liquid fill 
blend employing rotary die encapsulation (#20 
oval die) to yield one-piece hermetically- 
sealed, soft gelatin capsules. Following 
encapsulation, the liquid fill gelled to a 
solid mass which completely filled the 
interior of the capsule. The gelled polymeric 
matrix contained 4.3% water.

F. Release Profile Study
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A USP paddle-type dissolution apparatus was 
v \\\eA

f-iled- with 900 ml of 0.1 N HC1 and four of the 
acetaminophen capsules were placed in each of 
the six chambers of the apparatus. The 0.1 N 
HCl was stirred at 100 rpm and samples of the 
test fluid were withdrawn periodically and 
analyzed spectrophotometrically (λ max =
244 nm), employing reference standards to 
yield the curve depicted in Figure 1. The
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data summarized in Figure 1 establish that the 
gelled matrix of the capsule of Example I is 
effective for the controlled release of aceta­
minophen, releasing 50% of the total drug in

5 about 3.0 hrs and 70% after about 7.5 hours.
It is also expected that the dosage

form of Example I will be particularly effec­
tive for the controlled release of other 
active ingredients such as ibuprofen,

10 acetohexamide, tolbutamide, diflunisal,
carisoprodol, theophylline, dyphylline, 
difedipine and digoxin.

Example II - Niacin Dosage Form 
15

A. Fill Composition
1200

120
200

parts
parts
parts

Niacin :
Sodium Alginate:
Propylene Glycol:

20 Polyethylene Glycol 400: 450 parts
Glycerin: 125 parts
Ethyl Cellulose: 500 parts
Methyl Cellulose: 25 parts
Ethanol: 155 parts

25 Water: 1,630 parts

B. Soft Gelatin Shell
Gelatin: 768 parts
Glycerin: 385 parts

30 Water: 477 parts

C. Salt Solution
KC1: 9 parts
CaCl^ = 16 parts

35 Water: 85 parts
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Ρ· Encapsulation
The fill and shell formulations are prepared 
as described for Example I, above, with the 
exception that the salts were added to the

5 molten gelatin as the solution of part (C).
The shell formulation was employed to encap­
sulate 500 mg portions of the milled and 
deaerated liquid fill via rotary die encap­
sulation (#9, round die) to yield one-piece

10 hermetically-sealed, soft gelatin capsules.
Following encapsulation, the liquid fill 
gelled to a solid mass. The gelled matrix 
contained 5.7% water.

15 E. Release Profile Study
The rate of release of niacin from the cap­
sules was determined via the procedures of 
Example 1(F), above, analyzing at a λ max of 
263 nm, to yield to curve depicted in

20 Figure 2. The data summarized in Figure 2
establish that the gelled matrix of the cap­
sule of Example II is effective for the con­
trolled release of niacin, releasing 60% of 
the vitamin in about 1.75 hrs and 90% of the

25 vitamin after about 4.5 hours.
It is also expected that the dosage

form of Example I will be effective for the 
controlled release of active ingredients such

‘ as codeine, diltiazem, amytriptyline,
30 meclofenemate, ephedrine and phenyl­

propanolamine .
Although the present invention has 

been described primarily in terms of the 
encapsulation of active ingredients which are

35 intended for administration in humans, the use
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of the present dosage forms for veterinary, 
biological or industrial applications is also 
within the scope of the invention.

While certain representative embodi- 
5 ments of the invention have been described

herein for purposes of illustration, it will 
be apparent to those skilled in the art that 
modifications therein may be made without 
departing from the spirit and scope of the

10 invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A pharmaceutical unit dosage form comprising a 
gelatin Shell enclosing a gelled polymeric matrix, wherein 
said dosage form is ptepared by the process comprising:

5 (a) forming a liquid fill comprising an aqueous
solution or dispersion of a polysaccharide gum and 
pharmaceutically-active compound;

(b) encapsulating said liquid fill in a gelatin 
shell wherein the gelatin sell comprises gelatin, an

10 effective amount of a plasticizer, water and an amount of
cationic gelling agent effective to gel said liquid fill; 
and

(c) gelling said liquid fill with the cationic 
gelling agent.

15 2. The pharmaceutical unit dosage form of claim 1
wherein the polysaccharide gum is selected from the group 
consisting of alginate, kappa-carrageenan and pectin.

3. The pharmaceutical unit dosage form of claim 1 
or claim 2 wherein the gelling agent comprises a metal

20 cation or an ammonium ion.
4. The pharmaceutical unit dosage form of claim 1 

or claim 2 wherein the gelling agent comprises a chloride 
salt.

5. The pharmaceutical unit dosage form of any one
25 of claims 1 to 4 wherein the aqueous solution or dispersion

further comprises propylene carbonate or a liquid 
polyethylene glycol.

6, A method for preparing a controlled-release 
pharmaceutical unit dosage from comprising:

30 (a) forming a liquid fill comprising an aqueous
solution or dispersion of a polysaccharide gum and a 
pharmaceutically-active compound;

(b) encapsulating Said liquid fill in a gelatin 
and

gelling said liquid fill with an effective
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or ammonium ions to form a polymeric matrix having said 
active compound uniformly dispersed throughout.

7. The method of claim 6 wherein the liquid fill 
is encapsulated in a plasticized gelatin capsule.

8. The method of claim 6 or claim 7 wherein the 
polysaccharide gum is selected from the group consisting of 
alginate, kappa-carrageenan, pectin and mixtures thereof.

9. The method of any one of claims 6 to 8 wherein 
the metal cations or the ammonium ions are incorporated in 
the gelatin capsule.

10. The method of claim 9 wherein the metal cation 
comprises calcium chloride, potassium chloride or mixtures 
thereof .

11. A pharmaceutical unit dosage form comprising a 
gelatin shell including an effective amount of a cationic 
gelling agent comprising metal cations or ammonium ions, 
wherein said shell encloses a
water-dispersible gelled polymeric
pharmaceutically-active compound dispersed throughout said 
matrix, wherein said matrix is formed in situ by the 
gelation of a liquid fill comprising an aqueous solution or 
dispersion of the pharmaceutically-active compound and a 
polysaccharide gum, by means of said gelling agent, 
following the encapsulation of the liquid fill, so that the 
pharmaceutically-active compound is released from said 
gelled polymeric matrix over a prolonged period when said 
capsule is ruptured in an aqueous medium.

12. The pharmaceutical unit dosage form of claim 11 
wherein said gelatin capsule comprises gelatin, an 
effective amount of a plasticizer, and water.

13. The pharmaceutical unit dosage form of claim 11 
or claim 12 wherein said gelatin capsule is a two-piece, 
hard gelatin capsule.

14. The pharmaceutical unit dosage form of any one 

of claims il to 13 wherein said polysaccharide gum 

comprises a vegetable gum.

15. The pharmaceutical Unit dosage form of claim 14 

wherein the vegetable gum is selected from the group



17

conisting of alginate, kappa-carrageenan, pectin and 
mixture thereof.

16. The pharmaceutical unit dosage form of any one 
of claims 11 to 15 wherein the cationic gelling agent

5 comprises alkali metal cations or alkaline earth metal
cations .

17. The pharmaceutical unit dosage form of any one
of claims 11 to 16 wherein the aqueous solution or
dispersion comprises a liquid polyethylene glycol.

10 18. The pharmaceutical unit dosage form of any one
of claims 11 to 16 wherein the aqueous solution or
dispersion comprises glycerin, propylene glycol or mixtures
thereof .
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19. The pharmaceutical unit dosage form of any one 
of claims 11 to 16 wherein the aqueous solution comprises a 
polysorbate or a triglyceride dispersing agent.

20. The pharmaceutical unit dosage form of any or' 
of claims 11 to 16 wherein the aqueous solution or 
dispersion comprises a cellulosic bulking agent.

21. A pharmaceutical unit dosage form comprising a 
soft gelatin shell including an effective amount of a 
cationic gelling agent comprising metal cations or ammonium 
ions, whetein said shell encloses a water-soluble or 
water-diSpersible gelled polymeric matrix and an effective 
amount of a pharmaceutically-active compound dispersed 
throughout said matrix, wherein said matrix is formed in 
situ by the gelation of a liquid fill composition 
comprising 0.1-20% of a vegetable gum selected from the 
group consisting of alginate, kappa-carrageenan, pectin and 
mixtures thereof; the pharmaceutically-active compound, 
5-60% of a liquid polyethylene glycol, and 5-75% water; 
wherein said gelatin is accomplished with the cationic 
gelling agent, following the encapsulation of the liquid 
fill, So that the pharmaceutically-active compound is 
released from said gelled polymeric matrix over a prolonged 
period when said Capsule is ruptured in a physiological 
medium.

22» The pharmaceutical unit dosage form of claim 21
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wherein the cationic gelling agent comprises potassium 
chloride, calcium chloride or mixtures thereof.

23. The pharmaceutical unit dosage form of claim 21 
or claim 22 wherein the liquid fill composition further

5 comprises 1-15% of a C2~C4 Ρ°1Υ°1» a lower (alkanol) or
mixtures thereof.

24. The pharmaceutical unit dosage form of any one 
of Claims 21 to 23 wherein the liquid fill further 
comprises 0.1-90% of a bulking agent.

10 25. A pharmaceutical unit dosage form as claimed in
any one of claims 1, 11, or 21, substantially as herein
described with reference to Example I or Example II.

26. A method according to claim 6, substantially as 
herein described with reference to Example I or Example II.
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