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(57) ABSTRACT 

The present invention is directed to pharmaceutically 
acceptable polymeric compositions suitable for injection 
molding of single or multi-component pharmaceutical dos 
age forms comprising a plurality of drug substance contain 
ing sub-units, being capsule compartments and/or solid 
sub-units comprising a solid matrix of a polymer Which 
contains a drug substance, the sub-units being connected 
together in the assembled dosage form by a Weld betWeen 
parts of the assembled dosage form. 
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PHARMACEUTICAL FORMULATION 

FIELD OF THE INVENTION 

[0001] This invention relates to the preparation of an 
injection molded single or multi-component dosage forms 
using pharmaceutically acceptable polymeric blends. 

BACKGROUND OF THE INVENTION 

[0002] Various types of pharmaceutical dosage forms are 
knoWn for oral dosing. Pharmaceutical capsules are Well 
knoWn, generally being intended for oral dosing. Such 
capsules generally comprise an envelope Wall of a pharma 
ceutically acceptable, e.g. orally ingestible, polymer mate 
rial such as gelatin, although other materials for capsule 
Walls, e.g. starch and cellulose based polymers are also 
knoWn. Such capsules generally have soft Walls made by 
making a ?lm on a capsule former, Which is then alloWed to 
dry. Rigid Walled capsules made by injection molding are 
also knoWn, see for example US. Pat. Nos. 4,576,284; 
4,591,475; 4,655,840; 4,738,724; 4,738,817 and 4,790,881 
(all to Warner Lambert). These disclose speci?c construc 
tions of capsules made of gelatin, starch and other polymers, 
and methods of making them by injection molding of 
hydrophilic polymer —Water miXtures. US. Pat. No. 4,576, 
284 speci?cally discloses such capsules provided With a cap 
Which closes the capsule, and Which is formed in situ on the 
?lled capsule by molding. US. Pat. No. 4,738,724 discloses 
a Wide range of rigid capsule shapes and parts. 

[0003] Multi-compartment capsules, including those of 
the type Where each compartment has different drug release 
characteristics, or for eXample, contains a different drug 
substance or formulation are also knoWn, for eXample in 
US. Pat. No. 4,738,724 (Warner-Lambert); US. Pat. No. 
5,672,359 (University of Kentucky); US. Pat. No. 30 5,443, 
461 (AlZa Corp.); WO 95/16438 (Cortecs Ltd.); WO 
90/12567 (Helminthology Inst.); DE-A-3727894, and BE 
900950 (Warner Lambert); FR 2524311, and NL 7610038 
(Tapanhony NV); FR 1,454,013 (Pluripharm); US. Pat. No. 
3,228,789 (Glassman); and US. Pat. No.3,186,910 (Glass 
man) among others. US. Pat. No. 4,738,817 discloses a 
multicompartment capsule With a similar construction to 
those of US. Pat. Nos. 3,228,789 and 3,186,910, made of a 
Water-plasticiZed gelatin. US. Pat. No. 4,738,817 (’817) 
Witter et al., US. Pat. No. 4,790,881 (’881), Witter et al., 
and EP 0 092 908, WittWer, F., all discloses injection molded 
capsules prepared With gelatin and other eXcipients. WittWer 
et al. ’817 and ’881 also prepare capsules With other 
hydrophilic polymers, such as hydroXypropylmethylcellu 
lose phthalate (HPMCP), methylcellulose, microcrystalline 
cellulose, polyethylene glycol, cellulose acetate phthalate 
(CAP) and With polyvinylpyrrolidone. Both US. Pat. No. 
4,790,881 and EP 0 091 908 propose other polymers having 
enteric properties suitable for use, including generally acry 
lates and methacrylates (Eudragits) although none are dem 
onstrated and no speci?c details are provided. 

[0004] Pharmaceutical dosage forms are also knoWn 
Which comprise a matrix of a solid polymer, in Which a drug 
substance is dispersed, embedded or dissolved as a solid 
solution. Such matriXes may be formed by an injection 
molding process. This technology is discussed in Cuff G, 
and Raouf F, Pharmaceutical Technology, June (1998) pages 
96-106. Some speci?c formulations for such dosage forms 
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are disclosed in US. Pat. Nos. 4,678,516; 4,806,337; 4,764, 
378; 5,004,601; 5,135,752; 5,244,668; 5,139,790; 5,082, 
655; 5,552,159; 5,939,099; 5,741,519; 4,801,460; 6,063, 
821; WO 99/27909; CA 2,227,272; CA 2,188,185; CA 
2,211,671; CA 2,311,308; CA 2,298,659; CA2,264,287; CA 
2,253,695; CA 2,253,700; and CA 2,257,547 among others. 

[0005] US. Pat. No. 5,705,189, is directed to a group of 
co-polymers of methacrylic acid, methyl methacrylate and 
methyl acrylate, for use as thermoplastic agents in the 
production of drugs coatings, and capsules. No information 
is presented on the quality of the capsule formation With 
respect to Warping or other distortions produced by the 
injection molding process. Nor is shear rate data presented 
for the viscosity/temperature ?gures of the emulsions pre 
sented therein. 

[0006] It Would also be desirable to prepare a pharmaceu 
tical dosage form in Which a pharmaceutically acceptable 
polymeric blend is eXtruded by hot melt, or injection molded 
into a suitable dosage form, Which may be multicompart 
mental, such as a capsule. This pharmaceutical polymeric 
composition as the dosage form, may provide differing 
physio-chemical characteristics for each segment containing 
an active agent, such that a convenient dosage form can be 
optioned Which may include a rapid dissolve, immediate, 
delayed, pulsatile, or modi?ed release Which can be pro 
duced by simply selecting the appropriate polymer(s) to be 
molded for each section. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides for pharmaceutical 
compositions, injection molded capsule shells, linkers, spac 
ers, multicomponent injection molded capsule shells, linkers 
or spacers, multicomponent pharmaceutical dosage forms, 
and other aspects as de?ned in the claims and description of 
this application. 

[0008] It is an object of this invention to provide an 
alternative and improved pharmaceutical dosage form Which 
provides, inter alia, greater ?exibility in the dosage form 
adapted to a patient’s speci?c administration requirement, 
and ease of manufacture. 

[0009] Another object of this invention is to provide a 
process of producing a multicomponent dosage form com 
prising a pharmaceutically acceptable polymeric blend by 
injection molding. These multi-component dosage forms are 
suitable for containing a pharmaceutically acceptable active 
agent, or agents, for release thereby. 

[0010] The present invention is also directed to the novel 
formulation or composition of a pharmaceutically accept 
able polymer and suitable eXcipients to be used for injection 
molding of the capsules or multi-component dosage forms. 

[0011] Another embodiment of the present invention is 
directed to the solid dosage form comprising a capsule 
compartment bounded by a Wall made of a pharmaceutically 
acceptable polymeric formulation/composition, and option 
ally containing a drug substance. 

[0012] In accordance With the invention, a multi-compo 
nent, injection molded capsule shell is provided for, having 
at least one shell, linker or spacer With a composition, 
preferably including Eudragit E100, and further, preferably 
having it’s components Welded together. 
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[0013] More particularly, a preferred embodiment of the 
invention is a multi-component pharmaceutical dosage 
form, comprising a plurality of sub-units, each sub-unit 
being either a drug substance-containing capsule compart 
ment Which is soluble or disintegrable in a patient’s gastro 
intestinal environment for release of the drug substance 
contained in the capsule compartment, or a solid matrix 
comprising a polymer and containing a drug substance, the 
polymer being soluble, dispersible or disintegrable in a 
patient’s gastro-intestinal environment for release of the 
drug substance contained in the solid matrix. At least prior 
to administration to a patient, the sub-units are Welded 
together in an assembled dosage form. 

[0014] If a solid matrix is used as one of the sub-units, it 
preferably comprises comprises Eudragit 100 present in an 
amount of about 30 to 90% W/W, and a dissolution-modify 
ing excipient present in an amount of 5 to about 70% W/W. 
The solid matrix also preferably comprises a lubricant 
present in an amount up to about 30% W/W, optionally, a 
plasticiZer present in an amount up to about 5% W/W, and a 
processing agent present in an amount up to about 10% W/W. 

[0015] In an alternative preferred embodiment, the phar 
maceutical dosage form comprises a plurality of sub-units, 
each being a drug substance-containing capsule compart 
ment. In this case, each compartment is physically separated 
from at least one adjacent compartment, preferably by a Wall 
made of a pharmaceutically acceptable polymer material. In 
a preferred embodiment, the Wall comprises Eudragit 100, 
present in an amount of about 30 to 90% W/W, and a 
dissolution-modifying excipient present in an amount of 
about 5 to about 70% W/W. As in the case of the solid matrix, 
the Wall preferably comprises a lubricant present in an 
amount up to about 30% W/W, optionally a plasticiZer 
present in an amount up to about 5% W/W, and a processing 
agent present in an amount up to about 10% W/W. 

[0016] In another alternative embodiment, the pharmaceu 
tical dosage form comprises a plurality of sub-units, Wherein 
the Wall comprises a second acceptable polymeric material, 
such as Eudragit 4135F in a blended formulation. 

[0017] In the case in Which at least one of the sub-units is 
a drug substance-containing capsule compartments its Wall 
thickness is preferably in the range of about 0.3-0.8 mm. 

[0018] The multi-component dosage form of the invention 
affords a high degree of versatility in that it can be composed 
of various combinations of different dosage forms having 
different release characteristics. For example at least one of 
the sub-units can be a substantially immediate release sub 
unit, a sustained release sub-unit, or a pulsed release sub 
unit. 

[0019] Another advantage afforded by a preferred embodi 
ment of the invention is interchangeability of components. 
Thus, a set of multi-component dosage forms may be 
provided each comprising a plurality of sub-units. Each 
sub-unit may be either a drug substance-containing capsule 
compartment Which is soluble or disintegrable in a patient’s 
gastro-intestinal environment for release of the drug sub 
stance contained in the capsule compartment, or a solid 
matrix comprising a polymer and containing a drug sub 
stance, the polymer being soluble, dispersible or disinte 
grable in a patient’s gastro-intestinal environment for release 
of the drug substance contained in the solid matrix. At least 
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one of the dosage forms of the set comprises at least one 
such drug substance-containing capsule compartment and at 
least one other dosage form of the set comprises at least one 
such solid matrix, and the drug substance-containing capsule 
compartment the one dosage form is interchangeable With 
the solid matrix of the other dosage form. Thus, in the 
manufacturing process, selected components can be Welded 
together in various combinations to provide an assembled 
dosage form for administration to a patient. 

[0020] Another important advantage of the invention 
resides in the process by Which the constituents of the 
capsule compartments are prepared for injection molding. 
Especially in the case of an injection-molded, thin-Walled 
capsule compartment composed of an aminoalkylmethacry 
late copolymer and excipients such as dissolution modi?ers, 
lubricants, release agents and strengtheners, it is important 
that the material forming the capsule compartment be homo 
geneous. It is also important that the material be processed 
at a sufficiently loW temperature to avoid degradation of the 
polymer and the excipients. In accordance With the inven 
tion, a high degree of homogeneity is achieved by introduc 
ing the copolymer and an excipient composition simulta 
neously, and at substantially the same location, into an 
elongated hot melt extruder. The polymer and the excipient 
composition are mixed in the hot melt extruder to form the 
homogeneous composition therein and the composition is 
ejected from the hot melt extruder in the form of a strand 
though a die at a location remote from the location at Which 
the polymer and excipient composition are introduced. The 
strand is cut into pellets, and the pellets are then introduced 
into an injection molder Which forms thin-Walled capsule 
compartments. Pharmaceutical dosage forms are assembled 
using the capsule compartments as components. 

[0021] In order to avoid degradation of the polymer and 
the excipient composition, the hot melt extruder should be 
maintained at a temperature not exceeding approximately 
125° C., and preferably at a temperature not exceeding 
approximately 110° C. In a preferred embodiment, the 
temperature gradually increases along the length of the hot 
melt extruder, from the location at Which the polymer and 
excipient composition are introduced, to the die, the maxi 
mum temperature not exceeding approximately 125° C. 

[0022] The process injection molding of the thin-Walled 
capsule compartments is preferably carried out While main 
taining the injection molder barrel at a temperature in the 
range of about 110° C. to 130° C., and maintaining the 
injection molder noZZle at a temperature in the range of 
about 130° C. to 150° C. Preferably the noZZle temperature 
is about 140° C. 

[0023] A thin-Walled capsule compartment is advanta 
geous especially Where quick dissolution of the capsule is 
desired. HoWever, the Wall thickness of conventional cap 
sule shells is generally uniform, and in the range of about 0.3 
mm to 0.5 mm., in order to achieve adequate strength, 
alloWing the capsule shells to be formed and handled 
Without breakage or distortion. 

[0024] In accordance With another aspect of the invention, 
a preferred, molded pharmaceutical capsule component is 
de?ned by a generally frusto-conical side Wall, a dome 
shaped end Wall situated at, and connected to, one end of the 
side Wall, and an annular rim portion disposed at an opposite 
end of the side Wall, the side Wall, the dome, and the annular 
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rim portion together forming a hollow receptacle having an 
interior and an exterior, and an open end opposite the 
dome-shaped end Wall. The side Wall is composed of a 
plurality of panels, each having a thickness in the range of 
about 0.2 to 0.3 mm, and reinforcing ribs integrally molded 
With the panels, each panel being situated betWeen a pair of 
the reinforcing ribs. 

[0025] The reinforcing ribs are preferably formed on the 
exterior of the holloW receptacle, and extend over at least a 
part of the dome-shaped end Wall toWard a centrally located 
peak, and gradually decrease in thickness as they approach 
the peak. In a preferred embodiment, the annular rim portion 
extends radially outWardly beyond the panels and comprises 
a tapered frusto-conical exterior surface. The reinforcing 
ribs have ends Which meet, and are connected to, the tapered 
frusto-conical surface of the annular rim portion. The thick 
ness of the ribs, at their ends Which meet the rim portion, is 
preferably substantially equal to the distance through Which 
the annular rim portion extends outWardly beyond the pan 
els, so that the ribs merge smoothly With the rim portion. 

[0026] Other objects and advantages of the invention Will 
be apparent from the folloWing description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 shoWs injection-molded components com 
prising Eudragit E100 75%, PolyOx N-80 WSR 20%, 
stearyl alcohol 5%. 

[0028] FIG. 2 demonstrates a dissolution pro?le of the 
polymeric composition of Eudragit E100 75%, PolyOx N-80 
WSR 20%, stearyl alcohol 5%, Welded to Eudragit 4135F 
linkers, the dissolution media used Was pH 1.2 Simulated 
Gastric Fluid. 

[0029] FIG. 3 is a longitudinal sectional vieW of a dosage 
form of the invention assembled together. 

[0030] FIG. 4 is a longitudinal sectional vieW of another 
dosage form of the invention, partially assembled. 

[0031] FIG. 5A is a longitudinal, exploded, sectional vieW 
of another dosage form of the invention. 

[0032] FIG. 5B is a longitudinal sectional vieW of an 
alternative sub-unit for use in the dosage form of FIG. 5A. 

[0033] FIG. 6 is a longitudinal sectional vieW of a dosage 
form of the invention assembled together. 

[0034] FIG. 7 is a longitudinal sectional vieW of another 
dosage form of the invention assembled together. 

[0035] FIG. 8A is longitudinal sectional vieW of still 
another dosage form of the invention in partially assembled 
condition. 

[0036] FIG. 8B is a cross section taken on plane B-B of 
FIG. 8A. 

[0037] FIG. 8C is an enlarged, exploded vieW of a portion 
of the dosage form of FIG. 8A. 

[0038] FIG. 9 is an assembly sequence of a dosage form 
of FIG. 8A. 

[0039] FIG. 10 is an elevational vieW of an injection 
molded paneled shell in accordance With the invention. 
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[0040] FIG. 11 is a schematic diagram illustrating the 
hot-melt extrusion and pelletiZing apparatus for producing 
pellets for injection molding. 

[0041] FIG. 12 is rheology plot comparing Eudragit E100 
base polymer to Example 1 blended polymeric formulation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0042] The present invention is directed to novel compo 
sitions of a pharmaceutically acceptable polymer and excipi 
ents, Which polymeric composition may be injection molded 
into one or more components Which can be utiliZed together, 
such as in a stacked or multi-component dosage form. It is 
recogniZed that the polymeric blends may be injection 
molded into a single component that may also contain an 
active agent for oral administration. 

[0043] The pharmaceutically acceptable polymeric blends 
as a ?nal dosage form may be designed to provide rapid 
dissolution, immediate, delayed, or modi?ed dissolution, 
such as sustained and/or pulsatile release characteristics. 

[0044] It is one object of the present invention to provide 
a ?nal dosage form Which can contain a pharmaceutically 
acceptable drug/active agent in a pharmaceutically accept 
able polymeric blended multicomponent dosage form. 

[0045] The parts of the dosage form of this invention, eg 
a capsule compartment Wall, a solid sub-unit, or a closure or 
linker, may comprise a pharmaceutically acceptable poly 
meric blend (and adhesive material if adhesive Welds are 
formed) Which is generally regarded as safe, eg for oral 
ingestion and is capable of being formed into the required 
shape of a capsule compartment Wall, a solid sub-unit, or a 
closure or linker as described above. A preferred method of 
forming the polymer material into the desired shape is 
injection molding, Which may be a hot or cold runner 
injection molding process. Suitable injection molding 
machines for such a process are knoWn. 

[0046] The pharmaceutical dosage form may comprises a 
plurality of capsule compartments each bounded and physi 
cally separated from at least one adjacent compartment by a 
Wall made of a pharmaceutically acceptable polymer mate 
rial, adjacent compartments being connected together in the 
assembled dosage form, and being retained together by the 
connection at least prior to administration to a patient, one 
or more of the compartments containing a drug substance. 
Suitably in the assembled dosage form of this ?rst embodi 
ment there are at least tWo, for example, capsule compart 
ments. Three or more such compartments may be linearly 
disposed in the assembled dosage form, eg in an arrange 
ment comprising tWo end compartments at opposite ends of 
the line, and one or more intermediate compartments. Suit 
ably there may be tWo such capsule compartments. Suitably 
one of such tWo capsule compartments may be made of a 
material Which is a sustained release component, i.e. so that 
the capsule compartment Wall dissolves, bursts, erodes, or is 
otherWise breached to release its contents after a time delay, 
eg when the compartment has reached the intestine. Suit 
ably the other of such tWo capsule compartments may be 
made of a material Which is an immediate release compo 
nent, i.e. so that the capsule compartment Wall dissolves, 
bursts or is otherWise breached to release its contents 
immediately or effectively immediately, eg when the com 
partment is in the mouth or stomach. 
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[0047] One or more, eg all, of the capsule compartments 
may for example be substantially cylindrical, Which term 
includes shapes Which have a circular, oval or oblate circular 
cross section across the longitudinal axis, and shapes Which 
have parallel or tapering eg with side Walls Which taper 
conically over at least part of their extent. Such substantially 
cylindrical capsule compartments may be provided With 
connectable parts at one or both of their longitudinally 
disposed ends so that the assembled dosage form may also 
be overall of a substantially cylindrical shape. 

[0048] A preferred form of the multi-component dosage 
form of this invention comprises tWo capsule compartments. 

[0049] The invention also provides individual sub-units, 
e.g. individual capsule compartments or solid sub-units 
adapted for use in the assembled dosage form. 

[0050] In the assembled dosage form, the adjacent capsule 
compartments may be connected together by means of a 
Weld at the area Where tWo adjacent parts of the dosage form, 
eg sub-units, are in contact, eg a thermal Weld, an ultra 
sonic or inductive Weld, or an adhesive Weld (e.g. curable 
adhesives such as UV curable adhesive). A thermal Weld 
may for example be achieved by bringing sub-units into 
adjacent contact and applying localised heating for example 
produced by directing a laser beam or a ?ne jet of hot gas 
e.g. nitrogen at the area Where tWo adjacent sub-units are in 
contact. In thermal, inductive and ultrasonic Welding nor 
mally localised fusion together of the materials of adjacent 
parts of the dosage form Which are in contact occurs, and on 
subsequent solidi?cation of the materials a bond is formed 
betWeen the adjacent parts. An adhesive Weld may be 
achieved by applying an adhesive (e.g. curable adhesives 
such as UV curable adhesive) to parts of the dosage form 
Which When the dosage form is assembled are in contact, and 
then causing or alloWing the adhesive to set. 

[0051] The multi-component dosage form of the present 
invention is particularly suited to fabrication using ultra 
sonic Welding. Ultrasonic Welding is a knoWn technique 
involving the use of high frequency sound energy to soften 
or melt a thermoplastic material at the site Where a joint With 
the material is required. A general description of ultrasonic 
Welding is for example to be found in the publication 
“Ultrasonic Welding of Thermoplastics” (TWI Ltd., Abing 
ton, Cambridgeshire GB, (1997)). Parts to be joined are held 
together under pressure and then subjected to ultrasonic 
vibrations usually at a frequency of 20-40 kHZ. The actual 
mechanism responsible for the generation of heat at the joint 
site is not Well understood. An ultrasonic Welding machine 
comprises ?ve main components, being a poWer supply, a 
control system, a Welding head, ?xturing to hold the parts to 
be Welded, and a system to apply the required pressure. The 
poWer supply converts electricity into high frequency elec 
tric poWer Which drives a transducer, eg a pieZoelectric 
transducer, Which converts electrical energy, eg from the 
mains supply, into mechanical, i.e. ultrasonic, energy. 
BetWeen the transducer and the parts to be Welded is located 
a booster and horn system, being a usually metallic com 
ponent Which serves to amplify the ultrasonic Waves (the 
booster horn), transmit the clamping pressure, and deliver 
the sound energy to the part to be Welded (the sonotrode or 
Welding horn). For successful ultrasonic Welding careful 
design of the parts to be Welded and set up of the Welding 
equipment is important. 
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[0052] Preferably, additionally or alternatively adjacent 
sub-units may be provided With respectively intercon 
nectible ?rst and second connectible parts such that the ?rst 
connectible part on one sub-unit may connect With the 
second connectible part on an adjacent part of the dosage 
form, eg an adjacent sub-unit in a suitable con?guration, 
eg in the above-mentioned linear con?guration. This inter 
connection may contribute to the strength of bond achieved 
by the Weld, or additionally or alternatively may help to hold 
adjacent parts of the dosage form together prior to and in 
readiness for the Weld to be formed and contributes to the 
retention of the adjacent sub-units together, eg via a retain 
ing friction, snap, screW or other kind of ?t betWeen the 
connectible parts. The connectible parts may be such as to 
facilitate the assembly together of the sub-units in preferred 
con?gurations, eg the connectible part(s) on one or more 
one sub-unit may be such as to only connect With a corre 
sponding connectible part on other selected sub-units but not 
With non-corresponding connectible parts on other sub 
units. Alternatively the connectible parts on the sub-units 
may be common and interchangeable so that the sub-units 
may be connected together in a Wide range of combinations. 
This means inter alia that otherWise different capsule com 
partments or solid sub-units may have mutually connectible 
parts so that the different capsule compartments or solid 
sub-units may be connected together in different combina 
tions of solid sub-units or solid sub-units and capsule 
compartments. 

[0053] For example in one embodiment the respective ?rst 
and second connectible parts may be respectively interlock 
ing parts. For example, the ?rst or second part may be a 
socket part, and the corresponding second or ?rst con 
nectible part may be a corresponding plug part Which ?ts 
into the socket With a retaining friction, snap, screW or other 
kind of interlocking ?t. If for example these plug and socket 
parts are common, then any plug part on any solid sub-unit 
or capsule compartment may interconnect With any socket 
part on another solid sub-unit or capsule compartment. 

[0054] In a friction ?t for example the plug part may be 
slightly larger than the socket such that force needs to be 
applied against the natural resilience and contact friction of 
the plug and socket parts to cause the plug part to enter the 
socket, and similar force needs to be applied to separate 
them. In a snap ?t for example the plug and socket parts may 
be respectively provided With a concavity and a correspond 
ing convexity, such as a ridge and groove, Which lock 
together as the parts are forced together against the natural 
resilience of the parts. Such a ridge and groove may for 
example comprise a co-operating circumferential or part 
circumferential bead and groove, for example located about 
the circumference of a connectible plug and socket part. 

[0055] The above-described ?rst and second connectible 
parts facilitate assembly of sub-units together in various 
Ways. 

[0056] For example in a dosage form of the invention 
comprising a linear disposition of three or more eg four, 
sub-units, an intermediate sub-unit may be provided With 
one or more connectible parts for example one at each end, 
Which may connect With one or more connectible part on an 

adjacent intermediate sub-unit. An end sub-unit may be 
provided With one or more connectible part Which may 
connect With a connectible part on an adjacent intermediate 
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sub-unit and/or With one or more connectible part on another 
end sub-unit. By means of this tWo end sub-units may 
connect together in a dosage form comprising tWo sub-units, 
or tWo end sub-units may be connected to one or more 

intermediate sub-units. By using common ?rst and second 
connectible parts on the sub-units the various end and 
intermediate sub-units may be made such that they may be 
connected together in various combinations of assembled 
dosage forms. 

[0057] One or more sub-unit Which is a capsule compart 
ments may for example be substantially tub-shaped, i.e. 
having a base closed by a base Wall, and side Walls extending 
from the base Wall (herein referred to as an “upWard” 
direction), and an upper open mouth. With such a construc 
tion capsule compartments may connect together by the base 
of a ?rst compartment ?tting into the open mouth of an 
adjacent second capsule compartment, so as to close the 
mouth of the adjacent capsule compartment, and such that 
the base Wall of the ?rst compartment physically separates 
the compartments. In such a construction the base of the ?rst 
compartment comprises a plug connectible part, and the 
mouth opening of the second compartment comprises a 
socket connectible part. 

[0058] For example the dosage form may include one or 
more linker unit positioned betWeen adjacent pairs of cap 
sule compartments, preferably With at least one Weld in the 
dosage form may be betWeen a capsule compartment and 
such a linker unit. Such a linker unit may for example have 
connectible parts Which are connectible to the above-men 
tioned ?rst and/or second connectible parts on the adjacent 
capsule compartments. Suitably to facilitate a linear assem 
bly of capsule compartments in the dosage form a linker unit 
may have its connectible parts in opposite linear facing 
directions. Suitably such a linker unit may comprise a 
closure for the mouth opening of a capsule compartment, 
e.g. connecting With the capsule compartment in the manner 
of a plug or a cap for its mouth opening, and having a 
connectible part enabling connection to an adjacent sub-unit, 
e.g. another capsule compartment. If a capsule compartment 
is made of a sustained release component, then preferably 
such a linker/closure is also made of a sustained release 
component, so that the entire capsule compartment envelope 
of compartment and closure is a sustained release envelope. 

[0059] In a speci?c form the linker may have one or tWo 
connectible parts Which connect With the mouth opening of 
a capsule compartment. For example such a linker may have 
tWo connectible parts Which are opposite facing plug parts 
and Which can connect in a plug and socket manner With the 
mouth opening of tWo oppositely-facing capsule compart 
ments to thereby form a capsule-linker-capsule assembly. 
Suitably Welds, e.g. ultrasonic Welds, may be formed 
betWeen both of the capsule compartments and the linker 
betWeen them in such a dosage form. 

[0060] For example a linker may comprise a closure for 
the mouth opening of a capsule compartment, and this linker 
may have one or more ?rst and/or second connectible parts 
such that the ?rst or second part on the closure may connect 
With respectively the second or ?rst part on an adjacent 
capsule compartments in a suitable con?guration. 

[0061] For example in one form such a linker/closure may 
be provide With tWo oppositely-facing plug connectible parts 
Which can connect With the mouth openings of opposite 
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facing capsule compartments. Such a closure can thereby act 
as a linker betWeen tWo capsule compartments With their 
mouth openings oppositely facing, in a capsule compart 
ment—linker—capsule compartment linear arrangement. 
For example this arrangement may be an end compart 
ment—linker—end compartment arrangement. 

[0062] Other Ways in Which such a linker may be used in 
a dosage form of the invention Will be apparent. For example 
an intermediate capsule compartment may be in the form of 
a generally cylindrical shape With tWo oppositely facing 
open ends, and tWo linkers may connect via respectively one 
each of their connectible parts With an open end of the 
cylinder, leaving the other connectible part available for 
connection to respectively another sub-unit. 

[0063] Preferably at least one, or both, of the connectible 
parts of the linker is a plug part Which ?ts in a plug-and 
socket manner into the open end of a capsule compartment. 
Therefore such a plug part is typically a cylindrical shape, 
corresponding closely to the internal shape of the open end 
of a capsule compartment adjacent to the open end. 

[0064] Preferably the linker is in the form of a solid Wall 
part With oppositely facing plug connectible parts, oppo 
sitely facing end surfaces of the plug parts extending gen 
erally transverse to the longitudinal direction of the linker. 
Preferably each plug part is a snug friction ?t into the open 
end of a capsule compartment. Preferably each plug part is 
provided With an abutment surface to de?ne and limit the 
extent to Which each plug part can extend into the open end 
of a capsule compartment by abutting against the rim of the 
open end of a capsule compartment When the plug part 
extends to a suitable extent into the capsule mouth. 

[0065] In a preferred construction, the linker comprises a 
generally cylindrical solid body, its opposite facing ends 
being plug parts, With tWo oppositely facing abutment 
surfaces each being a surface of a ledge formed around the 
circumference of the cylindrical body and generally planar 
in a plane perpendicular to the length direction. Such a ledge 
may typically be ring shaped With its plane perpendicular to 
the longitudinal direction of the capsule. With such a linker 
the assembled dosage form may comprise tWo capsule 
compartments each in the shape of a cylinder having one 
open end and one closed end (eg the above-described tub 
or bucket shapes), With their open ends in an opposite facing 
relationship, With a linker betWeen them With each of the 
opposite facing plug parts of the linker ?tting in a plug-and 
socket manner into the open end of a capsule compartment, 
With an ultrasonic Weld formed betWeen a plug part and/or 
an abutment surface of the linker and the compartment Wall 
in the vicinity of the open end, eg the rim of the open end. 

[0066] Apreferred construction of multicompartment cap 
sule assembly comprises a capsule compartment made of a 
sustained release component, capsule compartment made of 
an immediate release component, and a linker betWeen them 
made of a sustained release component. In such a construc 
tion the immediate release compartment may breach and 
release its content, leaving the envelope of compartment and 
closure as a sustained release envelope to release its contents 
in eg the intestine. 

[0067] In the process of injection molding a ?uid polymer 
is injected under pressure into a precisely made die cavity in 
a mold block. Injection molding processes can enable the 
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sub-units to be made With the precision necessary to achieve 
connection by tight friction-?t or snap-?t interlocking and to 
maintain suitable contact betWeen adjacent parts to facilitate 
a Weld. Suitable techniques of injection molding are knoWn 
from for example the art of manufacture of small plastic 
components eg small parts of LEGO® toys. Processes such 
as those described in Cuff. G and Raouf. F, supra, may be 
used to manufacture such solid sub-units and capsule com 
partments via injection molding. 

[0068] Consequently the invention also provides for a 
molding process, for example an injection molding or poW 
der compression process, Wherein sub-units, including the 
solid sub-units and capsule compartments of the dosage 
form are made in respective mold cavities of the pharma 
ceutically acceptable polymeric blends. 

[0069] Details of the multi-component dosage forms 
referred to above Will noW be described With reference to 
FIGS. 3-10. 

[0070] Referring to FIG. 3, a dosage form 11 is shoWn 
comprising three sub-units 12, 13, 14 linearly disposed in 
the assembled dosage form, in an arrangement comprising 
tWo end compartments, 12 and 14, at opposite ends of the 
line, and one intermediate solid sub-unit 13. The compart 
ments 12 and 14 and the solid sub-unit 13 are substantially 
cylindrical. The compartments 12 and 14 are substantially 
tub shaped; ie each has a base closed by a base Wall 12A, 
14A, and each has side Walls 12B, 14B extending upWard 
from the base Wall 12A, 14A, and an upper mouth. Each of 
the compartments 12 and 14 is made of polyvinyl alcohol 
polymer by injection molding. 
[0071] The solid sub-unit 13 is also substantially cylindri 
cal, and has its base end 13A formed into a plug shape 
capable of engaging With and thereby closing the mouth of 
either compartment 12 or 14. As shoWn in FIG. 3, the base 
end 13A of solid sub-unit 13 ?ts into and is in engagement 
With the mouth opening of compartment 14. The upper end 
of solid sub-unit 13 has its upper end 13B formed into a 
socket connector capable of engagement With the shape of 
the base 12A or 14A of capsule compartment 12 or 14. As 
shoWn in FIG. 3, the socket at the upper end 13B of the solid 
sub-unit 13 is in engagement With the base of compartment 
12. 

[0072] The compartments 12, 14 and solid sub-unit 13 
connect together by ?tting the base 12A of compartment 12 
into the upper socket 13B of adjacent solid sub-unit 13, and 
?tting the base 12A of the solid sub-unit 13 into the mouth 
of adjacent compartment 14 so as to close its mouth. In this 
assembly of sub-units 12, 13, 14, the base part of an upper 
sub-unit 12, 13 comprises a plug part and the mouth opening 
or upper socket of a loWer sub-unit respectively 13, 14 
comprises a socket. 

[0073] Compartment 14 is an end compartment, and has 
its mouth opening closed by the base end 13A of solid 
sub-unit 13. The other upper end compartment 12 is closed 
by a closure 15, having a plug part 16 Which is dimensioned 
to ?t into the mouth opening of the compartment 12. 

[0074] The plug part 16, and the base parts 12A and 13A, 
?t respectively into the mouth opening of compartment 12, 
the socket of solid sub-unit 13, and the mouth opening of 
compartment 14. Thermal Welds are formed betWeen the 
plug part 16, base parts 12A and 13A, and the respective 
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mouth openings and upper socket of the compartments 12, 
14 and the solid sub-unit 13 at the regions Where these parts 
are in contact. Each of the base parts 12A, 13A, and the plug 
part 16, and the corresponding respective mouth openings 
and upper socket of the compartments 12, 13 and 14 may 
additionally or alternatively be provided With features (not 
shoWn) such as a convex circumferential bead and a corre 
sponding circumferential groove into Which the bead may 
?t, such that the base part 12A, 13A, the mouth openings of 
the compartments 12 and 14, the upper socket 13B and the 
plug part 16 and mouth opening of compartment 12 may 
connect together by snap ?t interlocking engagement, over 
coming the natural resilience of the polymer material of the 
base part and mouth opening. 

[0075] The thermal Welds may be formed betWeen the 
plug part 16, the base parts 12A and 13A, and the mouth 
openings and upper socket of the compartments 12, 14 and 
the solid sub-unit 13, by directing a laser beam to the region 
Where these parts are in contact. 

[0076] The base parts 12A, 13A, 14A of the compartments 
12, 13, 14, the mouth openings of the compartments 12 and 
14, the upper socket 3B and the plug part 16 are preferably 
all of common dimensions so that the compartments 12 and 
14 and the solid sub-unit may be ?tted together in other 
linear combinations, and so that the plug 15 may be used to 
close the mouth opening of the other compartments 14. 

[0077] Similarly, tWo or more than the three sub-units 12, 
13 or 14, may be connected together in a manner analogous 
to that shoWn in FIG. 1. 

[0078] FIG. 4 shoWs another dosage form assembly 21. 
This assembly 21 also comprises three sub-units 22, 23. 24 
in a linear assembly consisting of an end compartment 22, 
an intermediate compartment 23 and a solid end sub-unit 24. 
The intermediate compartment 23 is composed of part 
compartment shells 23A and 23B, the part shells 23A, 23B 
comprising respectively a closed end 23C and 23D and side 
Walls 23E and 23F With a mouth opening opposite each 
closed end 23C and 23D. The mouth openings of the tWo 
part shells 23A and 23B are each provided respectively With 
connectible plug and socket parts 25 and 26. By engagement 
of their respective plug and socket parts 25 and 26, these part 
shells 23A, 23B are connected together to form the capsule 
compartment 23. The closed ends 23C, 23D are provided 
With external connectible parts 27, 28. 

[0079] The end compartment 22 is in the form of a 
tub-shaped compartment and has a mouth opening 29, Which 
comprises a socket part that corresponds in shape With 
connectible part 27 on the intermediate compartment 23 to 
connect the assembly 21 together. 

[0080] The end solid sub-unit 24 is formed as a substan 
tially cylindrical body, having a connectible part 210 in the 
form of a socket engageable With either of the connectible 
parts 27 or 28 on intermediate capsule compartment 23. As 
shoWn in FIG. 3 the connectible part 210 on solid sub-unit 
24 is connected to the part 28 on capsule compartment 23. 

[0081] As With the dosage form of FIG. 3, a thermal Weld 
is formed betWeen the parts 25,26, 27, 29, 28 and 210 at the 
region Where these parts are in contact. Each of these parts 
25, 26, 27, 29, 28 and 210 may additionally or alternatively 
be provided With features (not shoWn) such as respectively 
a convex circumferential bead and a circumferential groove 



US 2003/004931 1 A1 

into Which the bead may ?t, such that these interlocking 
parts may connect together by a snap ?t engagement. 

[0082] FIG. 5A shoWs another dosage form assembly 31. 
This assembly 31 comprises four sub-units 32, 33, 34, 35 in 
a linear assembly consisting of an end solid sub-unit 32, an 
intermediate solid sub-unit 33, a tub-shaped, intermediate 
capsule compartment 34 and an end solid sub-unit 35. The 
intermediate capsule compartment sub-unit 34 has a mouth 
opening 36, and the immediately adjacent rim 37 of this 
mouth opening 36 is formed as a plug connectible part. The 
end solid sub-unit 35 is substantially hemispherical and is 
formed as a closure cap for the tub-shaped intermediate 
capsule compartment 34, being formed at its loWer end as a 
socket connectible part 38 Which ?ts in a sealing engage 
ment With the part 37. The closed loWer end of compartment 
34 is externally provided With a socket connectible part 39. 

[0083] The intermediate solid sub-unit 33 has its upper 
end formed as a plug connectible part 310 engageable With 
the part 39 of the compartment 34, and a loWer end formed 
as a socket connectible part 311. 

[0084] The end solid sub-unit 32 has a ?at bottom and a 
truncated spherical exterior, With a plug connectible part 312 
that corresponds in shape With connectible part 311 on the 
intermediate compartment 33. Each of these parts 37, 38, 39, 
310, 311, 312 may additionally or alternatively be provided 
With features (not shoWn) such as respectively a convex 
circumferential bead and a circumferential groove into 
Which the bead may ?t, such that these interlocking parts 
may connect together by a snap ?t engagement. 

[0085] In FIG. 5B, an alternative construction of the 
intermediate solid sub-unit 33 is designated by reference 
number 313, parts common With the sub-unit 33 being 
numbered correspondingly. The sub-unit 313 has a cylindri 
cal internal bore 314 so that the sub-unit 313 is of a generally 
holloW, cylindrical shape. The bore 314 may alternatively be 
of a longitudinally tapering, e.g. generally cylindrical, 
shape. 

[0086] By connection of the various connectible parts 37, 
38, 39, 310, 311, 312 the assembly 31 may be connected 
together along the axis shoWn. 

[0087] FIG. 9 shoWs a dosage form 41 comprising three 
capsule compartments 42, 43, 44, linearly disposed in the 
assembled dosage form, in an arrangement comprising tWo 
end compartments 42, 44 at opposite ends of the line, and 
one intermediate compartment 43. All of the compartments 
42, 43, 44 are substantially cylindrical, and have an oval 
cross section across the longitudinal axis. The compartments 
42, 43, 44 are substantially tub-shaped, ie each having a 
base closed by a base Wall 42A, 43A, 44A, a side Wall 42B, 
43B, 44B extending upWard from the base Wall 42A, 43A, 
44A, and an upper mouth. Each of the compartments 42, 43 
and 44 is made of a polymer such as Eudragit E100 by 
injection molding. 

[0088] The compartments connect together by the base 
42A, 43A of a ?rst compartment 42, 43 ?tting into the open 
mouth of an adjacent second compartment respectively 43, 
44 so as to close the mouth, and such that the base Wall 42A, 
43A of the ?rst compartment 42, 43 physically separates the 
?rst and second compartments 42, 43 and 44. In this 
assembly of compartments 42, 43, 44 the base part of an 
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upper compartment 42, 43 comprises a plug part and the 
mouth opening of a loWer compartment respectively 43, 44 
comprises a socket. 

[0089] Compartment 44 is an end compartment and has its 
mouth opening closed by the base Wall 43A of compartment 
43. The other end compartment 42 is closed by a closure 45 
having a plug part 46 Which is dimensioned to ?t into the 
mouth opening of the compartment 42. 

[0090] The base parts 42A and 43A, and the plug part 46, 
?t into the respective mouth openings of the compartments 
43, 44 and 42. AWeld is formed betWeen the base parts 42A 
and 43A, the plug part 46, and the respective mouth open 
ings of the compartments 43, 44 and 42, for example by the 
application of local heating or an ultrasonic horn (not 
shoWn) to the region Where these parts are in contact. Each 
of the base parts 42A, 43A, and the plug part 46, and the 
corresponding mouth openings of the compartments 43, 44 
and 42 may additionally or alternatively be provided With 
features (not shoWn) such as a convex circumferential bead 
and a corresponding circumferential groove into Which the 
bead may ?t, such that the base part 42A, 43A and mouth 
openings of the compartments 43 and 44, and the plug part 
46 and mouth opening of compartment 42 may connect 
together by a snap ?t interlocking engagement overcoming 
the natural resilience of the polymer material of the base part 
and mouth opening. 

[0091] The base parts 42A, 43A, 44A of the compartments 
and the mouth openings of the compartments 42, 43, 44, and 
the plug part 46 are all of common dimensions so that the 
compartments 42, 43 and 44 may be ?tted together in other 
linear combinations, and so that the plug 45 may be used to 
close the mouth opening of any of the other compartments 
42, 43 or 44. 

[0092] Similarly, tWo or more than the three compartments 
42, 43 or 44, may be connected together in a manner 
analogous to that shoWn in FIG. 4. 

[0093] FIG. 7 shoWs another dosage form assembly 51. 
This assembly 51 also comprises three compartments 52, 53, 
54 in a linear assembly of tWo end compartments 52, 54 and 
an intermediate compartment 53. The intermediate compart 
ment 53 is composed of tWo shells parts 53A and 53B, the 
shell part 53A comprising a closed end 53C and side Walls 
53E, and the shell part 53B comprising a closed end 53D and 
a side Wall 53F. Each shell part has a mouth opening 
opposite its closed end. The mouth openings of the tWo 
shells part 53A and 53B are provided respectively With a 
plug connectible part 55 and a socket connectible part 56. 
The respective plug and socket parts 55 and 56 of these shell 
parts connect together to form the capsule compartment 53. 
Both of the closed ends 53C, 53D are externally provided 
With connectible plug parts 57, 58. 

[0094] Each end compartment 52, 54 is in the form of a 
tub-shaped compartment and has a mouth opening, e.g. 
opening 59 of compartment 52, Which comprises a socket 
part that corresponds in shape With the connectible plug 
parts 57, 58 on the intermediate compartment 53 to connect 
the assembly 51 together. 

[0095] As With the dosage form of FIG. 6, a Weld is 
formed betWeen the parts 55, 56, 57, 58 and the respective 
mouth openings of the compartments 52, 54, by the appli 
cation of local heating or an ultrasonic horn (not shoWn) to 



US 2003/004931 1 Al 

the region Where these parts are in contact. Each of these 
parts 55, 56, 57, 58 and the respective mouth openings of the 
compartments 52, 54 may additionally or alternatively be 
provided With features (not shoWn) such as respectively a 
conveX circumferential bead and a circumferential groove 
into Which the bead may ?t, such that these interlocking 
parts may connect together by a snap ?t engagement. 

[0096] Each of the compartments 42, 43, 44, 52, 54 in 
FIGS. 6 and 7 may be made of the same or different 
polymer and may have the same or different drug release 
characteristics. The intermediate compartments respectively 
of FIGS. 3 and 4 are more suitable for a modi?ed release 
compartment, as dissolution or disruption of the end com 
partments can occur Without disturbance of the intermediate 
compartments, and before dissolution or disruption of the 
intermediate compartments. 

[0097] The compartments 42, 43, 44, 53, 54 and 55 in 
FIGS. 6 and 7 may contain the same or different drug 
substances and/or formulations. The drug substance or for 
mulation may be, for example, in the form of poWder, 
granulates, or other solid forms. Alternatively the compart 
ments may contain liquid, gel or similar formulations (not 
shoWn). 
[0098] FIGS. 8A, 8B and 8C shoW another dosage form 
assembly 61. As shoWn in longitudinal section in FIG. 8A 
and in cross section in FIG. 8B, this dosage form is an 
assembly composed of an end capsule compartment 62, a 
linker 63, and another end capsule compartment 64 in a 
linear arrangement. Each end compartment 62, 64 has one 
open end and one closed end, and is generally in the shape 
of a cylinder, the compartments shoWn in FIG. 8A, having 
a slight conical taper, the cross section being greatest at the 
open end. The closed end is in the form of an end Wall 
having a rounded periphery, giving the compartment form 
ing an open ended “bucket” or “tub” shape. The central part 
of the rounded end of each compartment (designated 65 in 
the case of compartment 62) is ?attened over at least 5% of 
the end surface area to facilitate the application of ultrasonic 
energy during a Welding operation. The Wall of each capsule 
compartment 62, 64 is ca. 0.410.05 mm thick in the side 
Walls of the compartment. 

[0099] The linker 63 is provided in the form of a solid Wall 
With oppositely facing surfaces 66, 67 extending generally 
transverse to the longitudinal direction of the linker. These 
oppositely facing surfaces are the end surfaces of oppositely 
facing plug connectible parts 68, 69 formed at each of the 
longitudinal ends of the linker. The linker 63 is a generally 
cylindrical body ?attened in the direction of its length, With 
a diameter: length ratio ca. 3:1. In a speci?c embodiment, 
the diameter of the linker 63 is ca 7.5 mm, and its length is 
ca. 3.0 mm. The end surfaces 66, 67 are substantially planar 
over at least 50% of their eXtent to facilitate application of 
ultrasonic energy thereto in the Welding operation. The 
surface 67 is a planar ring-shaped surface surrounding a 
central concavity 610. The surface 66 is similar, eXcept that, 
Within the central cavity there is the residue 611 of an 
injection molding runner. The planar surfaces 66, 67 eXtend 
continuously over a dimension of at least 2 mm, i.e. having 
a surface area of at least 4 mm2. Each plug part 68, 69 ?ts 
snugly With a friction ?t into the open end of a capsule 
compartment 62, 64. Each plug part 68, 69 is provided With 
an abutment surface 612 constituted by a ledge formed 
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around the circumference of the cylindrical body 63. The 
abutment surface 612 is ring shaped With its plane perpen 
dicular to the longitudinal direction of the capsule. The 
abutment surface 612 de?nes and limits the eXtent to Which 
each plug part 68, 69 can eXtend into the open end of a 
capsule compartment 62, 64 by abutting against the rim of 
the open end of a capsule compartment 62, 64. In the speci?c 
embodiment shoWn, the abutment surface 612 is ca 0.3 mm 
Wide measuring across the length direction. 

[0100] An ultrasonic Weld is formed betWeen each plug 
part 68, 69 and/or an abutment surface 612 of the linker 63 
and the compartment Wall 62, 64 in the vicinity of the open 
end, eg the rim of the open end. The loWer compartment 64 
is shoWn formed in this Way, the upper compartment 62 
being shoWn disassembled. 

[0101] For forming an ultrasonic Weld betWeen adjacent 
contacting parts of the capsule compartments 62, 64 and the 
linker 63, these parts are pro?led and dimensioned to 
facilitate an ultrasonic shear joint, as shoWn enlarged in 
FIG. 8C. The connectible plug 68 and socket 613 comprise 
interlocking tenon parts 614, 615, Where the length of one 
tenon 614 (D1 ca. 0.2-0.3 mm) is less than the length (D2 ca. 
0.5-0.6 mm) of the other tenon part 615, and under the 
ultrasonic Welding operation the material of the capsule 
compartment 62 in the region 616 can collapse until the 
tenon parts engage longitudinally to form the ultrasonic 
Weld betWeen the capsule compartment 62 and the linker 63. 
The Weld betWeen the linker 63 and the compartment 64 has 
been formed in a similar manner. 

[0102] The length D2 of the plug part, being ca. 0.55 mm, 
is ca. 20% of the overall length of the linker 63 betWeen the 
end surfaces 66 and 67. 

[0103] FIG. 9 shoWs a typical assembly procedure for a 
dosage form of FIG. 8A. The procedure comprises the 
folloWing steps: 

[0104] (1) A ?rst capsule compartment 64 is positioned 
and supported in a suitable holding means With its mouth 
opening pointing upWards, and the capsule compartment 64 
is ?lled With a suitable quantity of a drug substance. 

[0105] (2) A?rst plug part 69 (see FIG. 8A) of a linker 63 
is inserted into the open end of the ?rst capsule compartment 
64. In this manner, the linker 63 forms a closure for the 
mouth opening of the capsule compartment 64. 

[0106] (3) A doWnWardly pointing ultrasonic horn (not 
shoWn) is applied to the surface 66 of the linker, ie to the 
surface on the end of the linker opposite the f ?rst plug part 
69, and an ultrasonic Weld betWeen the linker 63 and the ?rst 
capsule compartment 64 is formed. 

[0107] (4) The formed assembly of ?rst capsule compart 
ment 64 and linker 63 is inverted so that the plug part 68 (see 
FIG. 8A) is pointing doWnWards. 

[0108] (5) A second capsule compartment 62 is positioned 
and supported in a suitable holding means (not shoWn) With 
its mouth opening pointing upWards, in a manner analogous 
to step 1, and the second compartment 62 is ?lled With a 
suitable quantity of drug substance. 

[0109] (6) The plug part 68 of the linker 63 is inserted into 
the open end of the second capsule compartment 62. 
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[0110] (7) An ultrasonic horn (not shown) is applied to the 
outer surface of the second compartment 62 from under 
neath. An ultrasonic Weld is formed betWeen the linker 63 
and the second capsule compartment 62. 

[0111] In an alternative Welding mode shoWn as step (8), 
an ultrasonic horn (not shoWn) is applied laterally, as shoWn 
by the arroW, to the side of the region of contact betWeen the 
capsule compartment 64 and the linker 63. 

[0112] In other alternative modes, (not shoWn) thermal, 
laser or adhesive Welds may be formed betWeen the capsule 
compartments 62 and 64 and the linker 63. 

[0113] Each of the compartments and sub-units in FIGS. 
1 and 10 may be made of the same or different polymer and 
may have the same or different drug release characteristics. 
The intermediate capsule compartments are more suitable 
for a modi?ed release compartment, as dissolution or dis 
ruption of the end compartments can occur, Without distur 
bance of these intermediate compartments, before the inter 
mediate compartments are disrupted or dissolved. 

[0114] The solid sub-units are more suitable as sustained 
release sub-units, because the dissolution of the matrix 
polymer is likely to occur more sloWly than the disruption of 
the thin Wall of a capsule compartment. The holloW bore of 
unit 313 (FIG. 5B) gives the solid unit 313 a dissolution rate 
tending toWard ?rst-order dissolution kinetics. 

[0115] Each of the sub-units 12, 13, 14, 22, 23, 24, 32, 33, 
34, 35 may contain the same or different drug substance 
and/or formulation. This may for example be in the form of 
poWder, granulates, or other solid forms. Alternatively the 
capsule compartments 12, 14, 22, 34 may contain liquid, gel 
etc. formulations (not shoWn). The end sub-unit 35 may 
contain a drug substance or alternately may simply comprise 
a solid polymer cap devoid of drug substance. 

[0116] As shoWn in FIG. 10, a preferred capsule shell, 
having the advantages of thin Walls for quick dissolution, but 
avoiding the de?ciencies of excessively thin Walls, is com 
posed of a plurality of thin panels separated by reinforcing 
ribs. As seen in FIG. 10, the capsule is composed of three 
principal sections, a side Wall 106, Which is generally 
frusto-conical in shape, a generally hemispherical dome 108 
and an annular rim 110. (The term “frusto-conical,” as used 
herein, unless otherWise quali?ed, includes a cylindrical 
shape, i.e., a frustum having a Zero taper.) 

[0117] The side Wall 106 is composed of a plurality of 
thin-Walled panels 112 With reinforcing ribs 114, integrally 
formed on the exterior of the side Wall 106, interposed 
betWeen adjacent panels. The ribs may extend part Way over 
the dome 108, and preferably taper gradually in thickness at 
116 so that they merge smoothly With the peak of the dome. 
The ribs can be of various Widths, as shoWn. 

[0118] At least part 118 of the outer surface of the annular 
rim 110 is preferably in the form of a tapered, frusto-conical 
surface 118, and optional part 120, Which is the outermost 
extending part of the rim 110 may be cylindrical. Part 110 
extends outWard from the loWer part of Wall 106 by a 
distance preferably equal to the thickness of the ribs at their 
loWer ends, so that the ribs, Which are connected to the 
tapered part 118, merge smoothly With the annular rim. 

[0119] The capsule shell having the construction as shoWn 
in FIG. 10 can be used as a component of a single dosage 
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capsule as Well as a component of a multiple dosage form as 
depicted in FIGS. 3-9. It has the advantage that its Walls 
panels can be extremely thin, e.g., in the range of about 0.2 
to 0.3 mm, for quick dissolution, but is resistant to distortion 
and breakage by virtue of its reinforcing ribs. In the pre 
ferred embodiment depicted in FIG. 10, the capsule shell 
con?guration has no sharp edges or other external parts that 
could cause dif?culty in handling or sWalloWing. 

[0120] For purposes herein representative examples of 
polymers suitable for injection molding into single or mul 
ticomponent dosage forms and for use in pharmaceutical 
applications, include, but are not limited to, poly(ethylene) 
oxides (PEO), polyethylene glycol’s (PEG), mixtures of 
PEG’s and PEO’s, polyvinyl alcohol (PVA), polyvinyl 
acetate, povidone (polyvinyl pyrrolidone), cellulose deriva 
tives such as carboxymethyl cellulose, methyl cellulose, 
ethylcellulose, hydroxyethyl cellulose, hydroxypropylcellu 
lose, hydroxyethyl methylcellulose, hydroxypropylmethyl 
cellulose (HPMC), hydroxypropylmethyl cellulose phtha 
late, cellulose acetate phthalate, noncrystalline cellulose, 
starch and its derivatives such as hydroxyethyl starch, 
sodium starch glycolate, natural polymers (such as polysac 
charides like pullulan, carrageenan, xanthan, chitosan or 
agar gums), polyacrylates and poly (meth)acrylates, and its 
derivatives such as the Eudragit family of polymers avail 
able from Rohm Pharma, poly(alpha-hydroxy acids) and its 
copolymers such poly(caprolactone), poly(lactide-co-gly 
colide), poly(alpha-aminoacids) and its copolymers, polyg 
lycolysed glycerides (such as Gelucire® 44/14, Gelucirc® 
50/02, Gelucir®e 50/13 and Gelucire® 53/10), carboxyvinyl 
polymers (such as Carbopols), and polyoxyethylene-poly 
oxypropylene copolymers (such as Poloxamer 188m); and 
combinations or mixtures thereof. 

[0121] Also potentially suitable for use herein are the 
polymers poly(orthoesters), polyphosphaZenes, poly(phos 
phoesters), and polyanhydrides, and combinations or mix 
tures thereof may also be suitable for use herein. 

[0122] Additionally, hyaluronic acid, alginates, car 
ragenen, collagen, gelatin, and albumen may also be suitable 
for injection molding herein, either alone or in combination 
With another polymeric blend. It is recogniZed that the 
ultimate choice of polymers if not previously approved by 
the regulatory agencies of the World, are in the category of 
generally recogniZed as safe (GRAS) approved. Ultimately, 
if the polymer does not dissolve to release the contents of the 
component or sub-unit, the component may contain pore 
forming reagents to alloW the contents of the gastro-intes 
tinal tract to enter the sub-unit and dissolve the active 
agent(s) therein. In such a capacity the sub-unit or dosage 
form Will act more as a delivery device, and not as a capsule 
or controlled release modifying reagent. It is recogniZed that 
the choice of polymer Will depend upon the desired outcome 
and the regulatory agency under Which approval is being 
sought. 

[0123] More suitably, methacrylic acid copolymers (such 
as Eudragit E®, Eudragit E100® Eudragit® L and/or 
Eudragit® S), poly(meth)acrylate copolymers, such as 
Eudragit® 4135F, and ammonium methacrylate copolymers 
(such as Eudragit® RL and/or Eudragit® RS), are suitable 
for injection molding. The group of poly(meth)acrylate 
copolymers, such as Eudragit® 100 are a preferred aspect of 
this invention. 


























