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Claim

1, A controlled release device which comprises a capsule 

containing at least one active material, said capsule being 

formed from at least two interpenetrating pieces the male piece 

being formed from a water swellable material which swells so as 

to disengage the female piece upon exposure to an aqueous medium.

2, A device according to claim 1 characterised in that said 
capsule is formed from a first piece having at least one orifice 

extending through the wall which orifice 1s closed by a water 

swellable piece.
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(57) Abstract

Novel devices For the controlled release of active materials especially pharmaceutical are formed from at least two inter
penetrating pieces, The male piece is water swellable and swells to disengage the female piece. The female piece is preferably 
formed from a thermoplastic, e.g. LDPE or from a soluble material such as gelatin which is rendered impermeable by an external 
coating of a hydrophobic material such as PVC. The devices find particular application as oral dosage forms for use in man,
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DISPENSING DEVICE

This invention relates to novel devices for the controlled 
release of an active material especially a pharmaceutically 

active drug. More particularly this invention relates to devices 

which are adapted to administer the active material over a

05 relatively short period following a delay after administration - 
■a pulsed release device.

A wide variety of devices for the controlled release of drugs 

have been proposed. These dosage forms which may be termed 
"sustained release", "timed release", "prolonged release" or

10 "controlled release" forms are designed to dispense the drug in a 

controlled reproducible manner. 'Previous attempts to provide a 
release in a short burst over a period of the order of minutes 
e.g. those described in USP 3952741 have not been successful in 

controlling the delay before which the pulsed release of active

15 material occurs.
. We have now discovered a novel device which provides a pulsed 

release of active material after a reproducible time delay 

wherein the active material is contained within a capsule formed 
from at least two interpenetrating pieces, one of which a male

20 piece is formed from a water swelTable material which when wet 

swells and disengages the female piece.

Accordingly, from one aspect this invention provides a 
controlled release device which comprises a capsule containing 
active material, said capsule being formed from at least two

25 interpenetrating pieces, the male portion of which Is formed from 

a water swellable material and swells so as to disengage the 
female piece upon e "osure to an aqueous medium.

In a preferred embodiment the device comprises a capsule 

having at least one orifice extending through the wall of the

30 capsule which orifice is closed by a water swellable plug such 

that upon immersion in an aqueous medium said plug swells and 

separates from the capsule.
Surprisingly we have discovered that provided the male piece 

is of such ~siter1a1 and of such dimensions that Its swelling does

35 result in Its flection from the orifice in the capsule wall that
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ejection takes place after a reproducible time Interval following 
the exposure of the device to an aqueous medium. Thereafter the 

contents of the capsule are released into the surrounding 

medium. The devices are advantageous particularly as oral dosage

05 forms for use in man since they enable the maximum quantity of 
active material to be incorporated into a capsule of any given 

size.
Where the device is Intended for use as an oral dosage form 

the male piece (the plug) may be constructed from any water
10 swellable material which is biologically and medically

compatible, non-al1ergenic, insoluble in ana non irritating to 

body fluids and tissues. The water swellable material is 
preferably a hydrogel.

The choice of the material used to form the water swellable
15 piece in any particular device will vary according to a number of 

parameters which affect the desired delay following immersion in 
the aqueous medium before the contents are released. The rate of 

swelling and the degree of swelling of the material are Important 
parameters In determining the delay obtained from a particular

20 device. The material should always be such that when formed into 
a male piece of appropriate dimensions ror use In a particular 

device 1t will maintain a substantially water-tight fit between 

the male and female portions throughout the delay period. For
any given piece the time delay before the plug is ejected from

25 the orifice is Inversely proportional to the rate of swelling of 
the material from which 1t is constructed.

The dimensions of the plug may also be used to vary the delay 

time. In particular that delay is proportional to the length of 
that part of the male piece which lies within the jaws defining

30 the orifice of the female piece, i.e. in the preferred embodiment 
the length of the plug within the orifice.

The position of the plug within the orifice may also be 
utilised to regulate the delay before the plug is ejected. In 

particular where the outer surface of the plug Is recessed so as

35 to lie below the level of the mouth of the orifice the ejection
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of the plug will be delayed by a time which is a function of the 

depth of the recess. In a preferred embodiment the devices of 
this invention comprise a retaining means situated on the 
interior face of the orifice. The means which may conveniently 

05 comprise a ridge or ledge limit which engages the plug and limits 
the depth to which it can be inserted into the orifice.

From the foregoing it will be appreciated that for any 

particular device of this invention the delay time after 
immersion in an aqueous medium until the plug is ejected may be 

10 varied by the empirical adjustment of one or more of the above 
parameters. The delay time may vary over a wide interval say 

anything from 0.5 hours to 12 hours according to the application 

but may extend over much greater intervals e.g. up to 7 or even 
14 days or longer In applications where such lengthy delays are 

15 advantageous. In a preferred embodiment the device will be 
constructed in such a way that the plug is ejected whilst the 

inner surface thereof remains dry, i.e, before any significant 
quantity of water enters the capsule. Such devices will be 
constructed so as to ensure that the plug maintains a water-tight 

20 seal within the orifice and that no significant quantity of water 
permeates through the plug prior to Its ejection.

Again, where the device is intended for use as an oral dosage 

form the walls of the female piece of the capsule may be formed 
from any material which is biologically and medically compatible 

25 with, non allergenic and insoluble in and non-irritating to body 

fluids and tissues. The walls may be formed from a biodegradable 
material provided that the material retains its structural 
integrity for at least the length of the delay time. The walls 

of the female piece of the capsule are preferably constructed so 
30 as to be Impermeable to the passage of water. Where water 

permeable materials are employed the device should be preferably 

constructed so as to avoid the permeation of any significant 
quantity of water Into the interior of the capsule prior to the 

ejection of the plug from the orifice.

The walls of the female piece are preferably constructed from35
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a material which is not water swellable. Where the walls of the 

capsules are not of uniform construction, that portion of them 
which define the jaws of the orifice will preferably bs 
constructed from material which is not water swellable. Where

05 any portion of the female piece and In particular that which
defines the jaws of the orifice 1s constructed from a water
swellable material, the preferred materials possess a lower rate 
and a lower degree of swelling than that used to form the male
piece. The device will preferably be designed so as to ensure

10 that the joint between the male and female piece remains 

water-tight. The walls of the capsule will be constructed so as 
to ensure that they retain their structural integrity at least 
until the capsule separates into two pieces.

The capsule may be formed in any convenient shape, for

15 example spheroidal, ellipsoidal or cylindrical. Capsules which 
are generally cylindrical are preferred, A preferred form of the 
device of the present Invention comprises a hollow cylinder open 
at one or both ends, having a plug of water swellable material In 
the open end or ends. Such devices may be readily formed, e.g.

20 from an extruded plastic tube cut into lengths and optionally 

sealed at one end and closed at the open end or ends by the 
Insertion of a plug or plugs. Alternatively the capsule may be 

formed by forming a cylinder around a rod; by coating a solution 
of polymer or organosol onto a former; by compression or

25 injection moulding of a suitable thermoplastic polymer; by 
powder compression or by direct reaction moulding.

The plug may be inserted so that its top is flush with the 

end face of the tube or may be inserted to a greater depth so 
that the walls of the cylinder extend beyond the outer surface of

30 the plug. The length of the plug and the depth of its insertion 
will be predetermined so as to control the delay prior to the

• ejection of the plug. The plug is conveniently cylindrical in 
shape and such shapes may be readily cut from a rod of material. 

The plug may adopt other geometries such as cone sections. The
35 ratio of the length of these cylindrical plugs to their oiameter
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Is preferably in the range 0.1:1 to 20:1 and more preferably in 
the range 0.2:1 to 2:1.

The cylindrical devices are conveniently of a size which may 

be swallowed and hence they find use as oral dosage forms for man

05 in particular, but also in animals. Typically the length of the 

hollow cylinder will be in the range 5 to 100 mm, preferably 10 

to 30 mm and the external diameter will be in the range 1 mm 
to 20 mm. Typically the devices will have external dimensions 

corresponding to those of known oral dosage forms, e.g. capsules
10 having sizes in the range triple zero to zero and from 1 to 8. 

The length of the plug will preferably be from 1 to 5 mm. The 
plug may preferably be recessed to a depth of not more than 5 mm 
and preferably not more than 2 mm. In another embodiment the 

devices of this invention may be significantly smaller so as to
15 facilitate the inclusion of a plurality of devices in a single 

dosage form, e.g. a capsule. This enables different release 
patterns to be obtained.

The contents of the device may take the form of the active 

material as such, e.g. as a particulate solid or may take the

20 form of any other convenient dosage form. For example, the 
active material may be combined with a conventional excipient and 

be introduced into the device as a powder or as a fluid solution 
or suspension (provided that the fluid medium does not Interact 
significantly with the materials used to form the wall of the

25 capsule) or take the form of compressed tablets of excipient and 

carrier. Either a single tablet or a plurality of such tablets 
may be introduced. A further alternative is to introduce the 
active material in a modified dosage form, e.g. a coated material 
such as is described in British Patent 2112730. This enables the

30 release profile of the device to be modified, e.g, where a 

particulate active material is employed it will be released as a 
pulse of active material, whereas where a modified dosage form is 

employed that form may be released Into the environment after the 
pre-determined delay and the subsequent release profile will be

35 that of the modified dosage form. A combination of these
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alternatives may be employed.

The devices of this invention find wide application in 

medical, including veterinary, contexts and in horticulture and 
agriculture as well as outside these areas,

05 Specific classes of drug which may be utilised as the active

material in a pulsed release device of this invention include 

hypnotics, sedatives, tranqui1isers, anti-pyretics, 
anti-inflammatory agents, anti-histamines, anti-tussives, 
anti-convulsants, anti-asthmatics, muscle relaxants, anti-tumour

10 agents, for example those for the treatment of malignant 
neoplasia, local anaesthetics, anti-Parkinson agents, topical or 
dermatological agents, diuretics, for example those containing 
potassium, such as potassium iodide, preparations for the 

treatment of mental illness, for example preparations containing
15 lithium for use 1n the treatment of manic depression or 

containing prostaglandins for the treatment of schizophrenia, 

anti-spasmodics, anti-ulcer agents, (3 blockers such as atenolol 
and metoprolol; calcium antagonists such as nifedipine and 
nitrendipine, ACE inhibitors such as enalapril and captopril, β2

20 agonists such as salbutamol and terbutaline, preparations 
containing various substances for the treatment of Infection by 
pathogens including anti-fungal agents, for example 

metronidazole, anti-parasitic agents and other anti-microblals, 
anti-malarials, cardiovascular agents, preparations containing

25 hormones, for example androgenic, estrogenic and progestational 
hormones, notably steroids such as oestradiol, sympathomimetic 

agents, hypoglycaemic agents, contraceptives, nutritional agents, 
peptides and proteins, nitrates such as isorbide dinitrate, 

mononitrate and GTN; xanthines such as theophylline; NSAID's
30 such as piroxicam and diclofenac; benzodiazepines such as 

triazolam and zopiclone; a blockers such as prazosine and 

alfuzoslne; antivirals such as acyclovir, zidovudine and 

ampligen, cephalosporins such as cefaclor, antispasmodics such as 

alverine and salicylates such as 5 amino salicylic add;

35 preparations containing enzymes of various types of activity, for
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chlorguamide, 
trimethoprim.

example chymotrypsin, preparations containing analgesics, for 

example aspirin, andagents with many other types of action 
including nematocides and other agents of veterinary 

application. Mixtures of active substances may be incorporated
05 into the controlled release device.

The controlled release devices of this invention are also
useful in the treatment of diabetes and pernicious anaemia where, 

for example, the controlled release of insulin and cobalamin, 
respectively, may be utilised.

10 Moreover, the release devices of this invention are suited to
treatment, both prophylactic and therapeutic, of tropical 

diseases; for example malaria, leprosy, schistosomiasis and 
clonorchiasis. Examples of drugs which can be used as
biologically active substance in release devices of this

15 Invention for the treatment of these and other tropical diseases 

Include quinine, suVphonamides, rifamycln, clofazimine, 

thlambutasine, chlorphenyl derivatives,

cycloguanil, pyrimethamine, sulphadiazlne,
quinoline derivatives such as pamaquine, chloroqulne, pentaqulne, 

20 primaquine and amodiquine, pararosaniline, sulphamethizole, 

qulnacrine, dapsone, sodium sulphoxone, sulphetrone, sodium 
hydnocarpate and sodium chaulmoograte. Drugs of particular 
effectiveness are cycloguanil, pyrimethamine and sulphadiazine.

The release devices of this Invention are also very well 
25 suited to veterinary applications. Examples Include preparations 

of antibiotics for general antibacterial activity and also In the 
treatment of anaplasmosis in cattle; preparations for provision 
of a wide spectrum of activity against both ectoparasites, for 

example termites and endoparasites including anthropods, arrested 
30 larvae stages of nematodes, lungworms and general strongyles: 

these may comprise avermectins; preparations for provision of 

activity against tremotode, cestode and roundworm infections; 

these may comprise amoscahate and praziquantel: preparations for 
provision of activity against theileria in cattle: these may 

35 comprise biologically active naphthoquinones such as menoctone;
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preparations for provision of activity against babesiosis in 

cattle, horses and dogs: these may comprise berenil, amidocarb 
and diampron; preparation for provision of activity against liver 
fluke in sheep and cattle and against Haemonchus species: these

05 may comprise closantel.

The devices of the present invention may also be combined 

with another dosage form which will combine the release profile 
of the novel devices with that of the other dosage form. Thus, 
for example, two separate devices according to this invention may

10 be joined end to end so that the active materials are separated 
by a wall. Alternatively, two separate female pieces may be 

closed by a single male piece or plug. For example, two separate 

cylindrical pieces may be mounted upon opposite ends of a rod of 
water swellable material. By controlling the depth of

15 penetration of the rod into each cylindrical piece it is possible 
to achieve either simultaneous or sequential release of the 

contents of the cylindrical pieces. Also a device according to 
this invention may be joined to or combined with another 
controlled release device (of appropriate dimensions).

20 A further preferred embodiment of this invention comprises 
devices coated with an enteric coating so as to pass through the 
stomach and release the active material in the Intestine. Such 

devices can be designed so as to release the active a set period 
after they pass out of the stomach. They may be designed to

25 release in the colon. Examples of suitable enteric coating 
agents which may be employed Include cellulose acetate phthalate, 
polyvinyl acetate phthalate, pH sensitive polyacrylate and 
polymethyacryl ate derivatives and hvdroxypropylmethyl cellulose 

phthalate.
30 A further preferred embodiment of this invention comprises 

those devices wherein the plug comprises an active substance 

which diffuses Into an aqueous medium over a period of time. A 

particularly preferred embodiment are those devices wherein the 
plug Is formed from a hydrogel comprising an active substance

35 e.g. as described 1n our British Patents 2047093 and 2047094.
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Such devices provide a controlled release of an active material 
during the period prior to the expulsion of the plug (which 

release may persist after that time if so desired). It will 

thereby be appreciated that the devices of this Invention can be

05 designed to provide a variety of release profiles. They are
characterised In that they release a sharp pulse of active 

material either as such and/or 1n a modified dosage form after a
. predetermined delay. This feature enables devices which provide 

pulsed or controlled release profiles or a combination of the two
10 to be designed by combining these characteristic features e.g. 

with a drug loaded plug a sustained release of active may be 

obtained during the period of ths delay, By combining one or 

more devices of the invention In a single dosage form a device 
may be prepared which combines these profiles or superimposes

15 them to provide novel devices having improved release profiles.
The walls of the female portion of the capsule may be formed

from a wide variety of materials, They may be of homogenous 

construction or they may be laminated. Examples of materials 
suitable for use In the construction of the walls include

20 polyethylene, polypropylene, poly(methylmethacrylate), polyvinyl 
chloride, polystyrene, polyurethanes, polytetrafluoroethylene, 
nylons, polyformaldebydes, polyesters, cellulose acetate and 

nitrocellulose,
A preferred construction utilises an impermeable coating to

25 cover the exterior of a capsule formed from a water soluble 
material. The coating may conveniently be formed by dipping a 

capsule In a solution of any of the above-mentioned materials so 

as to form a layer which 1s Impermeable to water. The capsule 

may also be spray coated with solutions of the above materials In
30 which use the exterior has an Impermeable coating and the 

Interior may be partially coated. A preferred class of capsules 
are the conventional hard gelatin or starch capsules coated with 

a solution of polyvinyl chloride or a polyvinyl acetate copolymer 
or an ethyl cellulose solution (plasticised as necessary). A

35 further preferred class of capsules are those which are coated 
with a film of a biodegradable polymer such as certain hydroxy 

butyric acid
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copolymers. Such devices are advantageous in that they are 
simple to construct and insofar as their soluble Interiors 
dissolve in the aqueous medium leaving either a thin flexible 

coating to be eliminated from the body or a coating which can be

05 degraded in the body.
The male piece (that is in the preferred embodiment the plug) 

used in the devices of this invention may be formed from a wide 
variety of water swellable materials. The suitability of a 
material for use in a particular device depends upon its degree

10 of swellabi 1 ity, its rate of swelling when immersed in an aqueous 

medium, the permeability of the material and the relationship of 
these parameters to the dimensions of the device and the delay 
which is required before the plug is ejected. The suitability of 
a particular material may most readily be determined by empirical

15 means.
A preferred class of hydrophilic materials from which the 

plugs may be constructed are hydrogels. Examples of suitable 
synthetic hydrogels which may be employed in the devices of this 

Invention Include poly(hydroxyethyl-methacrylate); poly<N-vinyl-
20 pyrolidone), poly(acrylamide); poly(acrylic acid); polyCvinyl- 

alcohol) and polyCmethacrylic acid). A particularly preferred 
class of hydrogels are those crosslinked hydrophilic polymers 
comprising polyethylene oxide residues, preferably those which 
contain crystalline regions and have a crystalline melting

25 temperature (Tm) of -10°C to +70°C. Chemical crosslinking may be 
effected in a manner known aer. χ, Where the hydrophilic polymer 

comprises functional groups which comprise an active hydrogen 
atom; chemical crosslinking may be effected by means of a di- or 
poly-isocyanate [such as Mri-(4-isocyanatophenyl)methane or

30 hli-U-isocyanatocyclohexyl methane] or a di- or poly-linear or 

cyclic olefinically unsaturated ether (such as acrolein 
tetramer); for example, as disclosed in our UK Patents 2047093, 
2047094 and 2108517, from which It will be apparent that where a 
diisocyanate or dl-oleflnlcally unsaturated ether 1s used a

35 reactant comprising at least three active hydrogen atoms must
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also be present to ensure chemical crosslinking.
Entanglement crosslinking may be utilised, especially where

the hydrophilic polymer has a high (for example, Rn greater than 

100,000) molecule weight, by chemically crosslinking, in

05 intimate admixture with the hydrophilic polymer, at least one 
monomer of functionality greater than two. Examples of such 

monomer include di- and poly-olefinically unsaturated 
hydrocarbons, such as divinyl benzene, and di- and 

poly-olefinically unsaturated esters or ethers, such as acrolein

10 tetramer, triallyl cyanurate or glycol dimethacrylate.
Preferred hydrophilic polymers comprising polyethylene oxide

residues have a number average, molecular weight, Rn, of the 
polyethylene oxide greater than 1,500, preferably greater than 

3,000; for example, from 4,000 to 12,000 or higher.

15 The hydrophilic polymer may be a homopolymer or a random,

alternating or block copolymer, specially a homopolymer or a 
random or block copolymer of ethylene oxide with, for example, a 
homologue such as propylene oxide or oxetane,

The hydrophilic polymer, for example, polyethylene oxide, may

20 also be foamed in a manner known per is,. For example, the 
polyethylene oxide may be chemically crosslinked by means of a 
di- or poly-isocyanate in the presence of water; the polyethylene 

oxide may also be foamed by the direct injection of a 
pneumatogen, such as a fluorocarbon; for example,

25 fluorotrichloromethane (e.g, "ARCTON" £X ICI Ltd: "ARCTON" is a 

registered Trademark.
The walls of the capsuie may also be formed from such 

hydrogels. However, they will preferably not be constructed from 
the identical hydrogel as may be employed in the construction of

30 the plug. They will preferably have a lower rate of swelling 
than that of the plug as this assists in maintaining a 

water-tight seal. The hydrogels are permeable to water and in 
this embodimant the devices may be constructed so as to permit 
the Ingress of water Into the Interior of the capsule prior to

35 the ejection of the plug.
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The invention is illustrated by the following examples.

Example 1
A series of devices were prepared comprising a cylindrical 

capsule wherein the open end is closed by a plug, Interior

05 of capsule was charged with 9.6 mg of salbutamol sulphate, In 
all cases the capsule was closed with a plug of appropriate 

diameter and formed from a hydrogel produced by the batch 
polymerisation of 2.8 parts of Desmodur W [a proprietary 

bis-(4-1socyanato cyclohexyl/methane] with 1.2 parts of hexane

10 triol and 1 part of a polyethylene glycol having Mn 8000 using 
ferric chloride as a catalyst. The release profile of each
device was tested in water at 37°C using a U.S. Pharmacopoeia

dissolution bath, The quantity of drug released was monitored by
u.v. spectroscopy, The time at which drug was re leased was noted,

The compositioni of the devices i s summari sed in the following

table:
(1) (2) (3) (4)

Capsule Material PVC PTFE PVC PTFE

Exterior Diameter 8,0mm 6.45mm 6.0mm 6,45mm

Interior Diameter 5.94mm 4.75mm 2,9mm 4,75mm

Plug Diameter 6.2mm 5,0mm 3.0mm 4,82mm

Plug Length 4mm 4.82mm 3,0mm 4.0mm

Recess Depth 0 0 0 0

Release Time 12.5hrs l,75hrs 8,5hrs 2,0hrs

(5) (6) (7) (8)

Capsule Material PTFE PTFE PTFE PTFE

Exterior Diameter 6,45mm 6.45mm 6,45mm 6,45mm

Interior Diameter 4.75mm 4.75mm 2.84mm 2,84mm

Plug Diameter 4.8mm 4.8mm 3.0mm 3.0mm

plug Length 5.0mm 5.0mm 4.0mm 5.0mm

Recess Depth 1.78mm 2.22mm 0 0

Release Time 5.5hrs 9.25hrs 4.75hrs 6,75hrs
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Example 2
A series of hydrogel cylinders were prepared by batch 

polymerising 5.5 parts of Desmodur W with 3 parts of hexane triol 

and 1 part of a polyethylene glycol having Mn 3830 using ferric 

chloride as the catalyst. The polymerisation was carried out in 
a suitable mould into which a former was inserted so as to form 

the hollow cy1inders.

A series of hydrogel rods were prepared by batch polymerising 

2.8 part of Desmodur W, 1.2 parts of hexane triol and 1 part of a 
polyethylene glycol having Mn 8000 using ferric chloride as the 

catalyst.

These rods were cut in appropriate lengths to form plugs 
which were inserted into an appropriately sized cylinder to form 

a device according to this invention. Each cylinder contained a 
quantity of salbutamol sulphate. The release profile of each

device was tested in water at 37°C us 1 ng a U.S. Pharmacopoeia

dissolution bath. The time at which the drug was released was

noted.
The particulars of these devices and the results obtained are

summarised In the following table:

25

No. of Devices 6 5 3* 3*

Capsule Length 12mm 9mm 9mm 9mm

Drug Weight 50mg 25mg lOmg lOmg

Plug Length 3mm 3mm 3mm 3mm

Plug Diameter 3.25mm 3.25mm 3,4mm 3.4mm

Plug Recission 0,55mm 0.55mm 1mm 2mm

Mean Release Time 8.3 hrs 5.8 hrs 4.9 hrs 10.8 hrs

30

35

* Plug recession controlled by provision of a ridge on the 

interior of the capsule.

Example 3
Two hydrogel rods of the same diameter were produced by 

polymerising (a) 1 part of polyethylene glycol (Mn 4000), 3 parts 

of hexane triol and 5.5 parts of Desmodur W and <b> 1 part of 

polyethylene glycol (Mn 4000), 2 parts hexan^ triol and 4 parts 
Desmodur W. The rods (a) and (b> exhibited different rates of
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swelling when immersed in water, (a) being low swelling and (b) 
moderately swelling. Sections of these rods were used as plugs 

in two identical capsules formed from a rigid thermoplastic which 
contained lOmg of sulbutamol sulphate. The release profile of

05 each device was measured using the technique described in the 
previous example.

, The release times were:
(a) 5.3 hours and (b) 4.8 hours.

Example 4

10 A series of capsules were made from hollow cylinders of
various materials closed at one end and plugged with a hydrogel 
cylinder having the same composition as that employed in Example

1. The devices were charged with salbutamol sulphate and their 
release profile measured using the identical procedure to that of

15 Example b The results were as follows:

No. of Devices 6 1 4
Capsule Material Rigid PVC Flexible PVC Semi Flexible PVC

Capsule Length 17mm

(Wall thickness
0.025")

18mm

(Wall thickness
0,04")

18mm

Capsule Internal

Diameter 5.33mm 6.1mm 5.3mm

Plug Length 5.0mm 3mm 5mm

Plug Diameter 5.45mm 6.35mm 5.6mm

Plug Recission 0 0 0
Mean Release Time 3.75 hrs 2.75 hrs 18.6 hrs

No. of Devices 6 6

Capsule Material LDPE* PVC Coated gelatin*
(Wall thickness

30 0.02")
Capsule Length 17mm Gelatin capsule Size 1

Capsule Internal

Diameter 6.3mm
Plug Length 5mm 3.8mm
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Plug Diameter 

Plug Recisslon 
Mean Release Time

6.5mm

0

2.5 hrs

6.45mm

Q

3.1 hours
* LDPE is Low Density Polyethylene

05 + Gelatin capsule dip coated 18 times with a 5% solution of
unplasticised PVC 

Example 5

Two series of cylindrical devices were prepared. All of 
these devices used LDPE capsule identical to that utilised in

10 Example 4 except that the capsule length was 18mm. The first 

series of three devices utilised a plug having a length of 5mm 

and the second series of three devices a plug of length 7mm. All 
the plugs were formed from a hydrogel having an identical 

composition to that utilised in Example 1. The release profiles
15 of the six devices was determined in the manner reported in 

Example 1.
The mean release times were: 

First series 3.3 hours 
Second series 4.2 hours

20 Example 6
Two devices were prepared identical to those utilised in the 

first series of Example 5 except that the plugs were recessed to 
a depth of 1mm and 2mm. The release times of those devices were 

3.6 hours and 7.3 hours.
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CLAIMS

1. A controlled release device which comprises a capsule 

containing at least one active material, said capsule being 

formed from at least two interpenetrating pieces the male piece 

being formed from a water swellable material which swells so as

05 to disengage the female piece upon exposure to an aqueous medium.
2. A device according to claim 1 characterised in that said 

capsule is formed from a first piece having at least one orifice 
extending through the wall which orifice is closed by a water 

swellable piece.
10 3. A device according to either of the preceding claims

characterised in that the female piece is a generally cylindrical 
tube which is closed at one end and open at the other.

4. A device according to either of claims 1 or 2 characterised 
in that the female piece is a generally cylindrical tube which is

15 open at both ends.
5. A device according to any of the preceding claims 
characterised in that the male piece comprises a generally 

cylindrical plug or plugs.
6. A device according to claim 5 characterised 1n that the outer

20 surface of the plug lies flush with the wall of the capsule.
7. A device according to claim 5 characterised in that the outer 
surface of the plug 1s recessed and lies below the wall of the 

capsule.
8. A device according to claim 7 characterised in that the plug

25 is recessed to a depth of not more than 5 mm.
9. A device according to any of the preceding claims 

characterised in that the male piece is formed from a hydrogel.

10. A device according to claim 9 characterised in that the 

hydrogel is derived from a homo- or co-poly(alkylene oxide) cross

30 linked by reaction with isocyanate or unsaturated cyclic ether 

groups.
11. A device according to either of claims 9 or 10 characterised 
1n that said hydrogel comprises an active substance.

12. A device according to any of the preceding claims
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characterised in that the female piece is constructed so as to be 
impermeable to the passage of water.

13. A device according to claim 12 characterised in that the
female piece is formed from a ;;ater impermeable material.

05 14. A device according to claim 13 characterised in that the
water impermeable material is selected from the group comprising 

polyethylene, polypropylene, poly(methylmethacrylate), polyvinyl 

chloride, polystyrene, polyurethanes, polytetrafluoroethylene, 
nylons, polyformaldehydes, polyesters, cellulose acetate and

10 nitrocellulose.

15. A device according to either of claims 13 or 14 characterised 

in that the female piece is formed from a thermoplastic.
16. A device according to any of claims 13 to 15 characterised in 

that the water impermeable material is low density polyethylene.
15 17. A device according to claim 12 characterised in that the

female piece is constructed from a water soluble material having 
its exterior surface covered with an impermeable coating.

18. A device according to claim 17 characterised in that the 
water soluble material is gelatin or starch.

20 19. A device according to claim 17 or 18 characterised in that
the impermeable coating is polyvinyl chloride.

20. A device according to any of claims 1 to 11 characterised in 
that the female r.lece is formed from a water permeable material.
21. A device according to claim 20 characterised in that the

25 water permeable material is a hydrogel.
22. A device according co either of claims 21 or 22 characterised 

in that the female piece is formed from a homo- or co-poly 
alkylene oxide cross linked by reaction with isocyanate or 
unsaturated cyclic ether groups.

30 23. A device according to any of the preceding claims

characterised 1n that the active material is pharmaceutically 

active.
24. A device according to claim 23 characterised in that the
active material is a particulate solid.

35 25. A device according to claim 23 characterised in that the
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active material is present in a modified dosage form.
26. A device according to an.y of the preceding claims 

characterised in that it is adapted so as to be useful as an oral 
dosage form for use in man.

05 27. A device according to claim 26 character!sed in that the
capsule has a length of from 10 to 30 mm and an external diameter
of from 1 to 20 mm.

28. A device according to claim 27 character!sed i n that the
external surface is provided with an enteric coating.

10 29. A device according to any of the preceding claims
substantially as hereinbefore described with reference to the 
foregoing examples.
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