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(57) ABSTRACT 

A dosage form comprises: (a) at least one active ingredient; 
(b) a core having an outer surface; and (c) a shell Which 
resides upon at least a portion of the core outer surface, 
Wherein at least a portion of the shell is semipermeable, such 
that the liquid medium diffuses through the semipermeable 
shell or shell portion to the core due to osmosis. The shell 
also provides for delivery of the active ingredient to a liquid 
medium outside the shell after contacting of the dosage form 
With the liquid medium. The dosage form delivers one or 
more active ingredients in a controlled manner upon con 
tacting of the dosage form With a liquid medium. The dosage 
form may be employed to provide a burst release of the 
active ingredient, or to provide release of the active ingre 
dient at an ascending release rate over an extended time 
period upon contacting of the dosage form With a liquid 
medium. 
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MODIFIED RELEASE DOSAGE FORMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation-in-part of PCT Application 
Nos. PCT/IUS02/31129, ?led Sep. 28, 2002; PCT/US02/ 
31117, ?led Sep. 28, 2002; PCT/US02/31062, ?led Sep. 28, 
2002; PCT/US02/31024, ?led Sep. 28, 2002; and PCT/ 
US02/31163, ?led Sep. 28, 2002, Which are each continu 
ations-in-part of US. Ser. No. 09/966,939, ?led Sep. 28, 
2001; US. Ser. No. 09/966,509, ?led Sep. 28, 2001; US. 
Ser. No. 09/966,497, ?led Sep. 28, 2001; US. Ser. No. 
09/967,414, ?led Sep. 28, 2001; and US. Ser. No. 09/966, 
450, ?led September 28, the disclosures of all of the above 
being incorporated herein by reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to modi?ed release dosage 
forms such as modi?ed release pharmaceutical composi 
tions, and methods of providing predetermined active ingre 
dient concentrations, Which may be substantially constant or 
substantially non-constant, over an extended period of time, 
using such dosage forms. More particularly, this invention 
relates to modi?ed release dosage forms for delivering one 
or more active ingredients in a controlled or delayed manner 
upon contacting of the dosage form With a liquid medium. 
The dosage form contains at least one active ingredient, and 
has a core and a shell. At least a portion of the shell is 
semipermeable to a liquid medium such as the gastro 
intestinal (GI) ?uids of a patient, such that the liquid 
medium diffuses through the semipermeable shell or shell 
portion to the core, for example due to osmosis. The shell or 
shell portion also provides for delivery of active ingredient 
to the liquid medium outside of the dosage form after the 
dosage form is contacted With the liquid medium. 

[0004] 2. Background Information 

[0005] Modi?ed release pharmaceutical dosage forms 
have long been used to optimiZe drug delivery and enhance 
patient compliance, especially by reducing the number of 
doses of medicine the patient must take in a day. For this 
purpose, it is often desirable to modify the rate of release of 
a drug (one particularly preferred type of active ingredient) 
from a dosage form into the GI ?uids of a patient, especially 
to sloW the release to provide prolonged action of the drug 
in the body. 

[0006] The rate at Which an orally delivered pharmaceu 
tical active ingredient reaches its site of action in the body 
depends on a number of factors, including the rate and extent 
of drug absorption through the GI mucosa. To be absorbed 
into the circulatory system (blood), the drug must ?rst be 
dissolved in the GI ?uids. For many drugs, diffusion across 
the GI membranes is relatively rapid compared to dissolu 
tion. In these cases, the dissolution of the active ingredient 
is the rate limiting step in drug absorption, and controlling 
the rate of dissolution alloWs the formulator to control the 
rate of drug absorption into the circulatory system of a 
patient. 
[0007] An important objective of modi?ed release dosage 
forms is to provide a desired blood concentration versus 
time (pharmacokinetic, or PK) pro?le for the drug. Funda 
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mentally, the PK pro?le for a drug is governed by the rate 
of absorption of the drug into the blood, and the rate of 
elimination of the drug from the blood. The type of PK 
pro?le desired depends, among other factors, on the par 
ticular active ingredient, and physiological condition being 
treated. 

[0008] Aparticularly desirable PK pro?le for a number of 
drugs and conditions is one in Which the level of drug in the 
blood is maintained essentially constant (i.e. the rate of drug 
absorption is approximately equal to the rate of drug elimi 
nation) over a relatively long period of time. Such systems 
have the bene?t of reducing the frequency of dosing, 
improving patient compliance, as Well as minimiZing side 
effects While maintaining full therapeutic ef?cacy. A dosage 
form Which provides a “Zero-order,” or constant release rate 
of the drug is useful for this purpose. Since Zero-order 
release systems are dif?cult to achieve, systems Which 
approximate a constant release rate, such as for example 
?rst-order and square root of time pro?les are often used to 
provide sustained (e.g. prolonged, extended, or retarded) 
release of a drug. 

[0009] Another particularly desirable PK pro?le is an 
“ascending blood level” pro?le. This is achieved When the 
rate of absortion of drug into the blood (circulation) exceeds 
its rate of elimination from the blood for a period of time, 
producing an increasing blood level ofer the course of the 
dosing interval or a portion thereof. This type of PK pro?le 
is exempli?ed in PCT Publication No. WO99/62946. 

[0010] Another particularly desirable PK pro?le is 
achieved by a dosage form that delivers a delayed release 
dissolution pro?le, in Which the release of one or more doses 
of drug from the dosage form is delayed for a pre-deter 
mined time after contact With a liquid medium, e.g. ingestion 
by the patient. The delay period (“lag time”) can be folloWed 
either by prompt release of the active ingredient (“delayed 
burst”), or by sustained (prolonged, extended, or retarded) 
release of the active ingredient (“delayed then sustained”). 

[0011] One particularly desirable type of delayed release 
PK pro?le, is a “pulsatile” pro?le, in Which for example, a 
?rst dose of a ?rst drug is delivered, folloWed by a delay 
period during Which there is substantially no release of the 
?rst drug from the dosage form, folloWed by either prompt 
or sustained release of a subsequent dose of the same drug. 
In one particularly desirable type of pulsatile drug delivery 
system, the ?rst dose is released essentially immediately 
upon contacting of the dosage form With a liquid medium. 
In another particularly desirable type of pulsatile drug 
delivery system, the delay period corresponds approxi 
mately to the time during Which a therapeutic concentration 
of the ?rst dose is maintained in the blood. Pulsatile delivery 
systems are particularly useful for applications Where a 
continuous release of drug is not ideal. Examples of this are 
drugs exhibiting ?rst pass metabolism by the liver, drugs that 
induce biological tolerance (i.e. the therapeutic effect 
decreases With continuous presence of the drug at the site of 
action), and drugs Whose ef?cacy is in?uenced by circadian 
rhythms of body functions or diseases. 

[0012] It is also particularly desirable for a pharmaceutical 
dosage form to deliver more than one drug at a modi?ed rate. 
Because the onset and duration of the therapeutic ef?cacy of 
drugs vary Widely, as do their absorption, distribution, 
metabolism, and elimination, it is often desirable to modify 
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the release of different drugs in different Ways, or to have a 
?rst active ingredient immediately released from the dosage 
form, While a second drug is released in a delayed, con 
trolled, sustained, prolonged, extended, or retarded manner. 

[0013] Well knoWn mechanisms by Which a dosage form 
(or drug delivery system) can deliver drug at a controlled 
rate (e.g. sustained, prolonged, extended or retarded/release) 
include diffusion, erosion, and osmosis. 

[0014] One classic diffusion-controlled release system 
comprises a “reservoir” containing the active ingredient, 
surrounded by a “membrane” through Which the active 
ingredient must diffuse to be absorbed into the bloodstream 
of the patient. The rate of drug release, dM/dt depends on the 
area (A) of the membrane, the diffusional pathlength (1), the 
concentration gradient (AC) of the drug across the mem 
brane, the partition coef?cient of the drug into the 
membrane, and the diffusion coef?cient (D) according to the 
folloWing equation: 

[0015] Since one or more of the above terms, particularly 
the diffusional pathlength, and concentration gradient tend 
to be non-constant, diffusion-controlled systems generally 
deliver a non-constant release rate. In general, the rate of 
drug release from diffusion-controlled release systems typi 
cally folloWs ?rst order kinetics. 

[0016] Another common type of diffusion-controlled 
release system comprises active ingredient, distributed 
throughout an insoluble porous matrix through Which the 
active ingredient must diffuse to be absorbed into the blood 
stream of the patient. The amount of drug release (M) at a 
given time at sink conditions (i.e. drug concentration at the 
matrix surface is much greater than drug concentration in the 
bulk solution) depends on the area (A) of the matrix, the 
diffusion coef?cient (D), the porosity and tortuosity (T) 
of the matrix, the drug solubility (Cs) in the dissolution 
medium, time (t) and the drug concentration (Cp) in the 
dosage form according to the folloWing equation: 

[0017] It Will be noted in the above relationship that the 
amount of drug released is generally proportional to the 
square root of time. Assuming factors such as matrix poros 
ity and tortuosity are constant Within the dosage form, a plot 
of amount of drug released versus the square root of time 
should be linear. 

[0018] A commonly used erosion-controlled release sys 
tem comprises a “matrix” throughout Which the drug is 
distributed. The matrix typically comprises a material Which 
sWells at the surface, and sloWly dissolves aWay layer by 
layer, liberating drug as it dissolves. The rate of drug release 
(dM/dt) in these systems depends on the rate of erosion 
(dx/dt) of the matrix, the concentration pro?le in the matrix, 
and the surface area (A) of the system according to the 
folloWing equation: 

[0019] Again, variation in one or more terms, such as 
surface area, typically lead to a non-constant release rate of 
drug. In general, the rate of drug release from erosion 
controlled release systems typically folloWs ?rst order kinet 
1cs. 
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[0020] Another type of erosion controlled delivery system 
employs materials Which sWell and dissolve sloWly by 
surface erosion to provide a delayed release of pharmaceu 
tical active ingredient. Delayed release is useful, for 
example in pulsatile or repeat action delivery systems, in 
Which an immediate release dose is delivered, folloWed by 
a pre-determined lag time before a subsequent dose is 
delivered from the system. In these systems, the lag time 
(T1) depends on the thickness (h) of the erodible layer, and 
the rate of erosion (dx/dt) of the matrix, Which in turn 
depends on the sWelling rate and solubility of the matrix 
components according to the folloWing equation: 

T1=h(dx/dt) 
[0021] The cumulative amount of drug (M) released from 
these systems at a given time generally folloWs the equation: 

M=(dM/dr)(r-T1) 
[0022] Where dM/dt is generally described by either the 
diffusion-controlled or erosion-controlled equations above, 
and T1 is the lag time. 

[0023] It is often practical to design dosage forms Which 
use a combination of the above mechanisms to achieve a 
particularly desirable release pro?le for a particular active 
ingredient. It Will be readily recogniZed by those skilled in 
the art that a dosage form construct Which offers multiple 
compartments, such as for example multiple core portions 
and/or multiple shell portions, is particularly advantageous 
for its ?exibility in providing a number of different mecha 
nisms for controlling the release of one or more active 
ingredients. 
[0024] In various embodiments of this invention, the 
modi?ed release dosage forms of this invention act as 
osmotically controlled drug delivery systems. As discussed, 
for example, in Verma et al., “Osmotically Controlled Oral 
Drug Delivery,”Drug Development and Industrial Phar 
macy, 26(7), pp. 695-708 (2000), osmotically controlled 
drug delivery systems offer a number of advantages over 
conventional controlled release delivery systems. The basic 
principle of operation of osmotic drug delivery systems 
employs the difference in osmotic pressure betWeen the 
exterior and interior of a dosage form Which contains active 
ingredient. For example, as discussed by Verna et al., in an 
elementary osmotic pump (EOP) system, an active ingredi 
ent, together With a suitable osmotic solute is contained 
Within a core such as a compressed tablet, Which is coated 
at least in part With a semipermeable membrane or shell 
having a small ori?ce therein. When this dosage form 
contacts a liquid medium such as the aqueous environment 
of the GI tract, the active ingredient draWs liquid through the 
semipermeable membrane due to the osmotic pressure gra 
dient and forms a saturated solution of active ingredient 
Within the dosage form. Hydrostatic pressure thus develops 
Within the dosage form, and is relieved by the How of 
saturated solution through the ori?ce and out of the dosage 
form, thereby delivering the active ingredient to the patient 
until the pressures inside and outside the dosage form are 
equal. Such a system is exempli?ed in US. Pat. No. 3,845, 
770, Which discloses (see FIG. 1 of Us. Pat. No. 3,845,770) 
a device having a semipermeable Wall Which surrounds a 
compartment containing active ingredient. A passageWay 
communicates With the compartment and the exterior of the 
device. Fluid permeates the Wall into the compartment and 
produces a solution of active ingredient Which is released 
through the passageWay. 
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[0025] Various improvements have also been made in the 
design of osmotic drug delivery systems. For example, US. 
Pat. No. 3,995,631 discloses a system in Which a semiper 
meable membrane houses a solution of an osmotically 
effective solute and a ?exible bag of relatively impervious 
material Which contains active ingredient. The ?exible bag 
is provided With dispensing means for dispensing active 
ingredient out of the ?exible bag When liquid permeates the 
membrane and exerts mechanical compressing or de?ating 
force on the bag. 

[0026] Us. Pat. No. 4,111,202 discloses a dosage form 
having a semipermeable Wall Which surrounds an active 
ingredient compartment and an osmagent compartment. The 
tWo compartments are separated by a moveable ?lm Which 
is impermeable to the active ingredient and osmagent. The 
semipermeable Wall has a passageWay therethrough for 
delivering active ingredient from its compartment. The 
system operates by having ?uid imbibe through the Wall into 
the osmagent compartment and causing the osmagent com 
partment to expand in volume and move the ?lm, thereby 
diminishing the volume of the active ingredient compart 
ment and delivering the active ingredient through the pas 
sageWay. 

[0027] Us. Pat. No. 4,327,725 discloses a system having 
a semipermeable outer Wall Which contains an active agent 
compartment and a ?uid sWellable hydrogel compartment. 
The semipermeable Wall has a passageWay therethrough for 
delivering active ingredient in solution from its compart 
ment When the hydrogel absorbs ?uid passing through the 
outer Wall and the hydrogel sWells. Aprecipitate forms at the 
interface of the hydrogel and active ingredient to restrict the 
passage of active ingredient into the hydrogel, and to act as 
an in situ formed membrane to apply pressure against the 
active ingredient in solution. 

[0028] Us. Pat. No. 4,449,983 discloses a system in 
Which a semipermeable Wall contains ?rst and second com 
partments Which each contain a different active ingredient. 
Each of the compartments has an ori?ce Which permits 
delivery of the active ingredient from each compartment, 
and the tWo compartments are separated by a hydrogel 
partition. The hydrogel absorbs ?uid and sWells, causing 
delivery of a solution of active ingredient through the 
respective compartment ori?ces. 

[0029] Us. Pat. No. 4,627,971 discloses a device in Which 
a semipermeable Wall Which surrounds a compartment con 
taining a ?rst layer containing an active ingredient and a 
second layer containing a hydrogel and means for sealing or 
closing a passageWay by forming a ?lm under the in?uence 
of thermo laser energy. A ?rst passageWay permits delivery 
of the active ingredient out of the compartment, and a 
second passageWay formed during the manufacture of the 
device is adjacent to the hydrogel layer. Upon exposure of 
the means to thermo laser energy, a ?lm is formed and the 
second passageWay is sealed. The hydrogel absorbs ?uid and 
sWells, causing delivery of a solution of active ingredient 
through the ?rst passageWay. 

[0030] Us. Pat. No. 5,830,501 discloses a dosage form 
having a semipermeable Wall Which surrounds an internal 
compartment. The semipermeable Wall contains at least one 
exit means such as a passageWay, and the internal compart 
ment contains an active ingredient, a ?occulating hydro 
philic polymer, a dehydrating agent, a surfactant, a sWellable 
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hydrophilic polymer, a lubricant, and an osmagent. When 
the dosage form is in a biological environment of use, the 
?occulating polymer precipitates and forms a ?oc containing 
the active ingredient. When ?uid permeates the semiperme 
able Wall, the sWellable polymer and osmagent act as a push 
member to deliver the ?oc through the exit means. The ?oe 
lessens the tackiness and/or irritation of the mucosal tissue 
of the patient. 

[0031] US. Pat. No. 6,342,249 discloses a dosage form 
having a semipermeable Wall With an exit ori?ce, in Which 
the Wall de?nes a cavity containing an active ingredient 
layer adjacent to the ori?ce and an expandable “push” layer 
remote from the ori?ce. The active ingredient layer contains 
a liquid active ingredient formulation absorbed in porous 
particles. A placebo layer to delay onset of delivery of the 
active ingredient may optionally be placed betWeen the 
active ingredient layer and the exit ori?ce. When ?uid 
permeates the semipermeable Wall, the push layer expands 
to deliver the placebo (if employed) and particles containing 
active ingredient through the ori?ce. 

[0032] European Patent Publication No. 0384642 dis 
closes a device for releasing active ingredient in a pulsed 
manner. The device comprises a Water permeable or imper 
meable capsule containing an active ingredient and a Water 
sWellable material, in Which the capsule has an opening 
Which is closed by a Water permeable plug. When ?uid 
permeates into the capsule, the Water sWellable material 
expands to eject the plug and deliver the active ingredient 
through the opening. If the ?ux of liquid through the plug is 
suf?cient to achieve the desired pulsed release of active 
ingredient, the capsule may be made of a Water impermeable 
material. 

[0033] The modi?ed release dosage forms of this inven 
tion employ a core and a shell, Which may optionally 
comprise multiple portions having different compositions 
and/or functions. The dosage forms of this invention are 
prepared by a novel method Which enables at least portion 
of the shell to be semipermeable. In contrast, current core 
shell systems are limited by the available methods for 
manufacturing them, as Well as the materials that are suitable 
for use With the current methods. A shell, or coating, Which 
confers modi?ed release properties is typically applied via 
conventional methods, such as for example, spray-coating in 
a coating pan. Pan-coating produces a single shell Which 
essentially surrounds the core. The single shell is inherently 
limited in its functionality. It is possible via pan-coating to 
apply multiple concentric shells, each With a different func 
tionality, hoWever such systems are limited in that the outer 
shell must ?rst dissolve before the functionality conferred by 
each successive layer can be realiZed. It is also knoWn, via 
pan coating, to deliver a ?rst dose of active ingredient from 
a coating, and a second dose of active ingredient from a core. 
Dosage forms having sprayed coatings Which provide 
delayed release are described, for example, in Maf?one et 
al., “High-Viscosity HPMC as a Film-Coating Agent,”Drug 
Development and Industrial Pharmacy (1993) 19(16), pp. 
2043-2053. US. Pat. No. 4,576,604, for example, discloses 
an osmotic device (dosage form) comprising a drug com 
partment surrounded by a Wall (coating) in Which the 
coating may comprise an immediate release dose of drug, 
and the inner drug compartment may comprise a sustained 
release dose of drug. The coating compositions that can be 
applied via spraying are limited by their viscosity. High 
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viscosity solutions are dif?cult or impractical to pump and 
deliver through a spray nozzle. Spray coating methods suffer 
the further limitations of being time-intensive and costly. 
Several hours of spraying may be required to spray an 
effective amount of coating to control the release of an active 
ingredient. Coating times of 8 to 24 hours are not uncom 
mon. 

[0034] It is one object of this invention to provide a 
modi?ed release dosage form in Which at least one active 
ingredient contained therein exhibits a modi?ed release 
pro?le upon contacting of the dosage form With a liquid 
medium. It is one feature of the dosage form of this 
invention that it has a semipermeable shell or shell portion. 
It is another feature of this invention that the semipermeable 
shell or shell portion alloWs the liquid medium to diffuse 
through the shell or shell portion to the core, for eXample due 
to osmosis and permeate into the core. It is another feature 
of this invention that the shell provides for delivery of liquid 
medium carrying active ingredient out of the dosage form. 
Other objects, features and advantages of the invention Will 
be apparent to those skilled in the art from the detailed 
description set forth beloW. 

SUMMARY OF THE INVENTION 

[0035] The invention provides a dosage form comprising 
(a) at least one active ingredient; (b) a core having an outer 
surface having an outer surface; and (c) a shell Which resides 
upon at least a portion of the core outer surface, Wherein at 
least a portion of the shell is semipermeable, at least about 
30% of the cross-sectional area of the semipermeable shell 
portion is non-striated, and the shell comprises means for 
providing the active ingredient to a liquid medium outside 
the shell after contacting of the dosage form With the liquid 
medium. 

[0036] The invention also provides a dosage from com 
prising (a) at least one active ingredient; (b) a core having an 
outer surface; and (c) a shell Which resides upon at least a 
portion of the core outer surface, Wherein the shell com 
prises a ?rst shell portion Which is semipermeable to the 
liquid medium, and a second shell portion Which is compo 
sitionally different than the ?rst shell portion, the ?rst and 
second shell portions each are substantially in contact With 
the core outer surface, and the shell comprises means for 
providing the active ingredient to a liquid medium outside 
the shell after contacting of the dosage form With the liquid 
medium. 

[0037] The invention further provides a dosage form com 
prising: (a) at least one active ingredient; (b) a core having 
an outer surface, a ?rst core portion, a second core portion, 
and a third core portion located betWeen the ?rst and second 
core portions, Wherein the third core portion comprises an 
osmopolymer; (c) and a shell Which resides upon at least a 
portion of the core outer surface, in Which the shell com 
prises a ?rst shell portion Which is semipermeable to the 
liquid medium, and a second shell portion Which is compo 
sitionally different than the ?rst shell portion, the ?rst and 
second shell portions each are substantially in contact With 
the core outer surface, and at least one of the ?rst or second 
shell portions has at least one passageWay therein extending 
to the core outer surface. 

[0038] The invention also provides a dosage form com 
prising (a) at least one active ingredient; (b) a core having an 
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outer surface; (c) and a shell Which resides upon at least a 
portion of the core outer surface, in Which the shell com 
prises a ?rst shell portion Which is semipermeable to the 
liquid medium, and a second shell portion Which is compo 
sitionally different than the ?rst shell portion, the ?rst and 
second shell portions each are substantially in contact With 
the core outer surface, and the shell and core have a 
continuous cavity therein de?ning an interior surface, 
Wherein neither the ?rst shell portion nor the second shell 
portion eXtend substantially upon the interior surface. 

[0039] The invention further provides a dosage form com 
prising: (a) at least one active ingredient; (b) a core having 
an outer surface, a ?rst core portion, a second core portion, 
and a third core portion located betWeen the ?rst and second 
core portions, Wherein the third core portion comprises a 
osmopolymer; and (c) a shell Which resides upon at least a 
portion of the core outer surface, in Which the shell com 
prises a ?rst shell portion Which is semipermeable to the 
liquid medium, and a second shell portion Which is compo 
sitionally different than the ?rst shell portion, the ?rst and 
second shell portions each are substantially in contact With 
the core outer surface, and the shell and core have a 
continuous cavity therein de?ning an interior surface, 
Wherein neither the ?rst shell portion nor the second shell 
portion eXtend substantially upon the interior surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1A depicts a cross-sectional side vieW of one 
embodiment of the dosage form of this invention. 

[0041] FIG. 1B depicts a cross-sectional side vieW of 
another embodiment of the dosage form of this invention. 

[0042] FIG. 2 depicts a cross-sectional side vieW of 
another embodiment of the dosage form of this invention. 

[0043] FIG. 3 depicts a cross-sectional side vieW of 
another embodiment of the dosage form of this invention. 

[0044] FIG. 4 depicts a cross-sectional side vieW of 
another embodiment of the dosage form of this invention. 

[0045] FIG. 5 depicts a cross-sectional side vieW of 
another embodiment of the dosage form of this invention. 

[0046] FIG. 6 depicts a cross-sectional side vieW of 
another embodiment of the dosage form of this invention. 

[0047] FIGS. 7A and 7B depict cross-sectional micro 
graphs of a prior art coated composition. 

[0048] FIGS. 8A and 8B depict cross-sectional micro 
graphs of an embodiment of this invention. 

[0049] FIG. 9 depicts the release pro?le of active ingre 
dient for the dosage form of this invention described in 
EXample 1 herein. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0050] As used herein, the term “dosage form” applies to 
any solid object, semi-solid, or liquid composition designed 
to contain a speci?c pre-determined amount (dose) of a 
certain ingredient, for eXample an active ingredient as 
de?ned beloW. Suitable dosage forms include pharmaceuti 
cal drug delivery systems, including those for oral admin 
istration, buccal administration, rectal administration, topi 
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cal or mucosal delivery, or subcutaneous implants, or other 
implanted drug delivery systems; or compositions for deliv 
ering minerals, vitamins and other nutraceuticals, oral care 
agents, ?avorants, and the like. Preferably the dosage forms 
of the present invention are considered to be solid, hoWever 
they may contain liquid or semi-solid components. In a 
particularly preferred embodiment, the dosage form is an 
orally administered system for delivering a pharmaceutical 
active ingredient to the GI tract of a human. 

[0051] The dosage forms of this invention exhibit modi 
?ed release of one or more active ingredients contained 
therein. The active ingredient or ingredients may be found 
Within the core, the shell, or a portion or combination 
thereof. As used herein, the term “modi?ed release” shall 
apply to dosage forms, coatings, shells, cores, portions 
thereof, or compositions that alter the release of an active 
ingredient in any manner. The active ingredient or ingredi 
ents that are released in a modi?ed manner may be contained 

Within the coating, shell, core, composition, or portion 
thereof providing the modi?cation. Alternatively the modi 
?ed release active ingredient may be contained in a different 
portion of the dosage form from the coating, shell, core, 
composition, or portion thereof providing the modi?cation; 
for eXample the modi?ed release active ingredient may be 
contained in a core portion, and the modi?cation may be 
provided by the overlaying shell portion. Types of modi?ed 
release include controlled, prolonged, sustained, extended, 
delayed, pulsatile, repeat action, and the like. Suitable 
mechanisms for achieving these types of modi?ed release 
include diffusion, erosion, surface area control via geometry 
and/or impermeable barriers, or other mechanisms knoWn in 
the art. Moreover, the modi?ed release properties of the 
dosage form may be achieved through design of the core or 
a portion thereof, or the shell or portion thereof, or a 
combination of tWo or more of these parts of the dosage 
form. 

[0052] The dissolution pro?le of each active ingredient 
from the dosage form may be governed by a sum of 
contributions from the properties of the various portions. 
Additionally, a single portion, for eXample a core portion 
may possess a combination of erosional and diffusional 
properties. In any case, the dissolution rate of a particular 
active ingredient from the dosage form Will be the sum of the 
contributions from all the various mechanisms contributed 
by the various portions of the dosage form Which effect the 
release of that particular active ingredient 

[0053] The dosage forms of the present invention are 
designed to release substantially all (i.e. at least about 80%, 
or at least about 90%, say at least about 95%) of the active 
ingredient contained therein, Within a speci?ed amount of 
time. As used herein, the total amount of time required for 
substantially all of the active ingredient(s) to be released 
from the dosage form shall be referred to as the “dosing 
interval.” During the dosing interval, the amount of drug 
released is typically measured at several time points. 

[0054] As used herein, the term “time interval” shall refer 
to periods of time during the dosing interval, over Which a 
periodic rate of release may be measured. The time interval 
may be the entire dosing interval, or a portion thereof. 

[0055] As used herein, a drug “release rate” refers to the 
quantity of drug released from a dosage form per unit time, 
e.g., milligrams of drug released per hour (mg/hr). Drug 
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release rates are calculated under in vitro dosage form 
dissolution testing conditions knoWn in the art. As used 
herein, a drug release rate obtained at a speci?ed time 
“folloWing administration” refers to the in vitro drug release 
rate obtained at the speci?ed time folloWing implementation 
of an appropriate dissolution test. 

[0056] As used herein, a “periodic release rate” refers to 
the quantity per unit time of drug released from a dosage 
form during a speci?ed periodic interval as determined at the 
end of that speci?ed periodic interval, i.e., at each periodic 
interval When a determination is made, the quantity per unit 
time of drug released represents the periodic release rate 
during that periodic interval. For eXample, the quantity of 
drug released per hour (h) determined as the difference in 
quantity released betWeen t=0 and t=2h divided by the time 
interval of 2 hours represents the periodic release rate during 
the ?rst tWo hours folloWing administration, the quantity of 
drug released per hour as determined from t=2h to t=4h 
represents the periodic release rate from tWo to four hours 
folloWing administration, etc. 

[0057] As used herein, a “constant release rate” is obtained 
over a given time interval When the periodic release rates 
determined during tWo or more portions of the time interval 
are substantially the same, ie not more than 6% different. 
As used herein, “non-constant release rate” shall mean tWo 
or more periodic release rates are not the same, ie more 
than 6% different, over the entire duration of the speci?ed 
interval. 

[0058] As used herein, an “ascending release rate” refers 
to a periodic release rate that is increased over the imme 
diately preceding periodic release rate. For eXample, When 
the quantity of drug released from a dosage form is mea 
sured at hourly intervals and the quantity of drug released 
during the ?fth hour folloWing administration is greater than 
the quantity of drug released from the dosage form during 
the fourth hour folloWing administration, an ascending 
release rate from the fourth hour to the ?fth hour has 
occurred. It Will be appreciated that the ?rst periodic release 
rate measured, e.g., the periodic release rate at t=1 hour 
(unless equal to 0), Will alWays be greater than the release 
rate during the preceding period, e.g., the hour before the 
dosage form Was administered, and thus, the ?rst periodic 
release rate alWays constitutes an occurrence of an ascend 
ing release rate. 

[0059] As used herein, “ascending blood level” refers to 
the PK pro?le obtained When the rate of release of drug from 
the dosage form, and also its absorption into the blood 
stream, eXceeds its reate of elimination from the blood of a 
mammal for a period of time, producing an increasing blood 
level ofer the course of the dosing interval or a portion 
thereof. 

[0060] As used herein, a “burst release” pro?le refers to a 
release pro?le Which meets immediate release criteria during 
a speci?ed interval. The speci?ed interval may optionally 
folloW a pre-determined lag time. 

[0061] A ?rst embodiment of this invention is depicted in 
FIG. 1A, Which is a cross-sectional vieW of a dosage form 
2 Which comprises a core 4 and a shell 5. In other embodi 
ments of this invention, shell 5 may reside upon a portion of 
core 4 Without surrounding core 4. In this embodiment of the 
invention, shell 5 is semipermeable to a liquid medium, and 
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at least about 30% of the cross-sectional area of the semi 
permeable shell 5 is non-striated as is discussed further 
herein. Core 4 contains at least one active ingredient, and 
shell 5 may optionally contain at least one active ingredient 
Which may be the same or different than the active ingredient 
contained Within core 4. In this embodiment of the inven 
tion, shell 5 contains passageway 12 Which eXtends from the 
outer surface of shell 5 to the outer surface of core 4, as 
shoWn. In other embodiments of this invention, a plurality of 
passageWays may be employed. Accordingly, upon contact 
ing of dosage form 2 With a liquid medium, the liquid 
medium permeates shell 5, reaches core 4 (Where active 
ingredient, and optionally osmagent or osmopolymer, are 
contained), and liquid medium containing active ingredient 
is osmotically “pumped” through passageWay 12 and out of 
dosage form 2 into the surrounding liquid medium. 
[0062] Another embodiment of this invention is depicted 
in FIG. 11B, Which is a cross-sectional vieW of a dosage 
form 22 Which comprises a core 24, a ?rst shell portion 25 
and a second shell portion 26, Which in this embodiment 
surround core 24. In other embodiments of this invention, 
?rst shell portion 25 or second shell portion 26 may reside 
upon a portion of core 24 Without surrounding core 24. First 
shell portion 25 is semipermeable to a liquid medium and 
second shell portion 26 is compositionally different than ?rst 
shell portion 25. In the embodiment depicted in FIG. 1B, 
second shell portion 26 is diffusible. Core 24 contains at 
least one active ingredient, and ?rst shell portion 25 and/or 
second shell portion 26 may optionally contain at least one 
active ingredient Which may be the same or different than the 
active ingredient contained Within core 24. Accordingly, 
upon contacting of dosage form 22 With a liquid medium, 
the liquid medium permeates ?rst shell portion 25, reaches 
core 24 (Where active ingredient is contained), and liquid 
medium containing active ingredient is osmotically 
“pumped” through diffusible second shell portion 26 and out 
of dosage form 22 into the surrounding liquid medium. In 
other embodiments, second shell portion 26 may be erod 
ible, thereby permitting active ingredient to be released from 
the core 24 as second shell portion 26 erodes to eXpose core 
24 to the liquid medium. 

[0063] Another embodiment of this invention is depicted 
in FIG. 2, Which is a cross-sectional side vieW of a dosage 
form 202 Which comprises a core 204 and a shell 206 having 
a ?rst shell portion 208 Which is semipermeable to the liquid 
medium, and a second shell portion 210 Which is composi 
tionally different than ?rst shell portion 208. For eXample, 
second shell portion 210 may be diffusible, impermeable or 
erodible. Core 204 contains at least one active ingredient, 
and shell 206 may optionally contain at least one active 
ingredient Which may be the same or different than the active 
ingredient contained Within core 204. In this embodiment of 
the invention, ?rst shell portion 208 contains passageWay 
212 Which eXtends from the outer surface of ?rst shell 
portion 208 to the outer surface of core 204, as shoWn. In 
other embodiments of this invention, ?rst shell portion 208 
may contain a plurality of passageWays. In this embodiment, 
?rst shell portion 208 is semipermeable, and second shell 
portion 210 is impermeable. Accordingly, upon contacting 
of dosage form 202 With a liquid medium, the liquid medium 
permeates ?rst shell portion 208, reaches core 204 (Where 
active ingredient, and optionally osmagent or osmopolymer 
are contained), and liquid medium containing active ingre 
dient is osmotically “pumped” through passageWay 212 and 
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out of dosage form 202 into the surrounding liquid medium. 
In other embodiments of this invention (not shoWn in FIG. 
2), second shell portion 210 may contain at least one 
passageWay Which eXtends from the outer surface of second 
shell portion 210 to the outer surface of core 204, or both 
?rst shell portion 208 and second shell portion 210 may each 
contain at least one passageWay Which eXtends from the 
outer surface of ?rst shell portion 208 and second shell 
portion 210, respectively, to the outer surface of core 204. 

[0064] Another embodiment of this invention is depicted 
in FIG. 3, Which is a cross-sectional side vieW of a dosage 
form 302 Which comprises a core 304 having ?rst core 
portion 303 and second core portion 305, and shell 306 
having a plurality of passageWays 312 therein Which eXtend 
from the outer surface of shell 306 to the outer surfaces of 
?rst and second core portions 303 and 305. In other embodi 
ments of this invention, shell 306 may have a single pas 
sageWay. Core 304 contains at least one active ingredient, 
and shell 306 may optionally contain at least one active 
ingredient Which may be the same or different than the active 
ingredient contained Within core 304. At least a portion of 
shell 306 is semipermeable to a liquid medium, and at least 
about 30% of the cross-sectional area of the semipermeable 
portion of the shell is non-striated. Upon contacting of 
dosage form 302 With a liquid medium, the liquid medium 
permeates shell 306, reaches ?rst and second core portions 
303 and 305, respectively, (Where active ingredient or ingre 
dients, and optionally osmagent or osmopolymer are con 
tained), and liquid medium containing active ingredient or 
ingredients is osmotically “pumped” through passageWays 
312 and out of dosage form 302 into the surrounding liquid 
medium. In one embodiment, ?rst core portion 303 contains 
a ?rst active ingredient and second core portion 305 contains 
a second active ingredient Which may be the same or 
different than the ?rst active ingredient. In another preferred 
embodiment, ?rst and second core portions 303 and 305 
each contain a different dose or concentration of ?rst and 
second active ingredients, Which may be the same or dif 
ferent active ingredients. In another embodiment, passage 
Ways 312 in shell 306 may eXpose different surface areas of 
the underlying core portions 303 and 305, respectively, 
thereby permitting either different release rates for the ?rst 
and second active ingredients, or the same release rate for 
the ?rst and second active ingredients, if the ?rst and second 
active ingredients have different solubilities. 

[0065] Another embodiment of this invention is depicted 
in FIG. 4, Which is a cross-sectional side vieW of a dosage 
form 402 Which comprises a core 404 having ?rst core 
portion 403, second core portion 405, and third core portion 
407, and shell 406 comprising ?rst and second shell portions 
408 and 410, respectively. A plurality of passageWays 412 
eXtend from the outer surface of shell 406 to the outer 
surfaces of ?rst and second core portions 403 and 405. In 
other embodiments of this invention, shell 406 may have a 
single passageWay located in either ?rst shell portion 408 or 
second shell portion 410. In this embodiment, ?rst shell 
portion 408 and second shell portion 410 are each semiper 
meable to a liquid medium. Second shell portion 410 may be 
compositionally different than ?rst shell portion 408. For 
eXample, in other embodiments ?rst shell portion 408 may 
be semipermeable, and second shell portion 410 may be 
diffusible, impermeable or erodible. Core 404 contains at 
least one active ingredient, and shell 406 may optionally 
contain at least one active ingredient Which may be the same 
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or different than the active ingredient contained Within core 
404. In the embodiment depicted in FIG. 4, ?rst core portion 
403 contains a ?rst active ingredient, second core portion 
405 contains a second active ingredient Which may be the 
same or different than the ?rst active ingredient, and third 
core portion 407 contains an osmopolymer Which provides 
osmotic pressure upon contact With the liquid medium to 
push the active ingredients through the passageWays 412 to 
the surface of shell 406. In the embodiment depicted in FIG. 
4, upon contacting of dosage form 402 With a liquid 
medium, the liquid medium permeates the ?rst and second 
shell portions 408 and 410, reaches ?rst and second core 
portions 403 and 405, respectively (Where active ingredient 
or ingredients are contained), as Well as third core portion 
407 containing the osmopolymer (Which sWells and com 
presses against ?rst and second core portions 403 and 405), 
and liquid medium containing active ingredient is osmoti 
cally “pumped” through passageWays 412 and out of dosage 
form 402 into the surrounding liquid medium. In addition, 
passageWays 412 in ?rst and second shell portions 408 and 
410 may eXpose different surface areas of the underlying 
core portions 403 and 405, respectively, thereby permitting 
either different release rates for the ?rst and second active 
ingredients, or the same release rate for the ?rst and second 
active ingredients, if the ?rst and second active ingredients 
have different solubilities. 

[0066] Another embodiment of this invention is depicted 
in FIG. 5, Which is a cross-sectional side vieW of a dosage 
form 502 Which comprises a core 504 and a shell 506 having 
a ?rst shell portion 508 Which is semipermeable to the liquid 
medium, and a second shell portion 510 Which is composi 
tionally different than ?rst shell portion 508. For eXample, 
second shell portion 510 may be semipermeable, diffusible, 
impermeable or erodible, although in this embodiment sec 
ond shell portion 510 is semipermeable. Core 504 contains 
at least one active ingredient, and shell 506 may optionally 
contain at least one active ingredient Which may be the same 
or different than the active ingredient contained Within core 
504. As depicted in FIG. 5, cavity 501 eXtends through core 
504, ?rst shell portion 508 and second shell portion 510. The 
interior surface 513 of core 504 is de?ned by cavity 501, and 
neither ?rst shell portion 508 nor second shell portion 510 
substantially eXtend upon interior surface 513, thereby per 
mitting active ingredient contained Within core 504 to be 
released only through interior surface 513. The diameter of 
the continuous cavity is preferably in the range of about 15 
to about 90 percent of the thickness of the dosage form, and 
the diameter of the continuous cavity is preferably in the 
range of about 5 to about 30 percent of the core diameter. 
The length of the continuous cavity is typically about the 
same as the thickness of the dosage form, and the length of 
the continuous cavity is preferably about 25 to about 40 
percent of the diameter of the dosage form. Upon contacting 
of dosage form 502 With a liquid medium, the liquid medium 
permeates interior surface 513, as Well as ?rst and second 
shell portions 508 and 510, reaches core 504 (Where active 
ingredient is contained), and liquid medium containing 
active ingredient passes through interior surface 513 into 
central cavity 501 and out of dosage form 502 into the 
surrounding liquid medium. In this embodiment, the pre 
dominant mechanism for drug release is erosion. 

[0067] Another embodiment of this invention is depicted 
in FIG. 6, Which is a cross-sectional side vieW of a dosage 
form 602 Which comprises a core 604 having ?rst core 
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portion 603, second core portion 605, and third core portion 
607, and a shell 606 having a ?rst shell portion 608 Which 
is semipermeable to the liquid medium, and a second shell 
portion 610 Which is compositionally different than ?rst 
shell portion 608. For example, second shell portion 610 
may be semipermeable, diffusible, impermeable or erodible, 
although in this embodiment second shell portion 610 is 
semipermeable. Core 604 contains at least one active ingre 
dient, and shell 606 may optionally contain at least one 
active ingredient Which may be the same or different than the 
active ingredient contained Within core 604. As depicted in 
FIG. 6, cavity 601 eXtends through core 604, ?rst shell 
portion 608 and second shell portion 610. The interior 
surface 613 of core 604 is de?ned by cavity 601, and neither 
?rst shell portion 608 nor second shell portion 610 substan 
tially eXtend upon interior surface 613, thereby permitting 
active ingredient contained Within core 604 to be released 
only through interior surface 613. In one embodiment, ?rst 
core portion 603 contains a ?rst active ingredient, second 
core portion 605 contains a second active ingredient Which 
may be the same or different than the ?rst active ingredient, 
and third core portion 607 contains a osmopolymer Which 
provides osmotic pressure upon contact With the liquid 
medium to push the active ingredients through the interior 
surface 613 and into the liquid medium. The diameter of the 
continuous cavity is preferably in the range of about 15 to 
about 90 percent of the thickness of the dosage form, and the 
diameter of the continuous cavity is preferably in the range 
of about 5 to about 30 percent of the core diameter. The 
length of the continuous cavity is typically about the same 
as the thickness of the dosage form, and the length of the 
continuous cavity is preferably about 25 to about 40 percent 
of the diameter of the dosage form. Upon contacting of 
dosage form 602 With the liquid medium, the liquid medium 
permeates interior surface 613, as Well as the ?rst and 
second shell portions 608 and 610, respectively, reaches ?rst 
core portion and second core portions 603 and 605, respec 
tively, (Where active ingredient or ingredients are contained) 
as Well as third core portion 607 containing the osmopoly 
mer (Which sWells and compresses against ?rst core portion 
603 and second core portion 605), and liquid medium 
containing the active ingredient or ingredients passes 
through interior surface 613 into central cavity 601 and out 
of dosage form 602 into the surrounding liquid medium. In 
this embodiment, the predominant mechanism for drug 
release is erosion. 

[0068] In embodiments of this invention in Which the shell 
comprises at least tWo shell portions, the inner surface of 
each shell portion must be substantially in contact With the 
outer surface of the core, as depicted, for eXample, in FIGS. 
1B, 2, 4, 5 and 6. Accordingly, in such embodiments, the 
inner surface of any shell portion does not reside upon the 
outer surface of any other shell portion. 

[0069] Suitable active ingredients for use in this invention 
include for eXample pharmaceuticals, minerals, vitamins 
and other nutraceuticals, oral care agents, ?avorants and 
mixtures thereof. Suitable pharmaceuticals include analge 
sics, anti-in?ammatory agents, antiarthritics, anesthetics, 
antihistamines, antitussives, antibiotics, anti-infective 
agents, antivirals, anticoagulants, antidepressants, antidia 
betic agents, antiemetics, anti?atulents, antifungals, antis 
pasmodics, appetite suppressants, bronchodilators, cardio 
vascular agents, central nervous system agents, central 
nervous system stimulants, decongestants, oral contracep 
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tives, diuretics, expectorants, gastrointestinal agents, 
migraine preparations, motion sickness products, mucolyt 
ics, muscle relaxants, osteoporosis preparations, polydim 
ethylsiloxanes, respiratory agents, sleep-aids, urinary tract 
agents and mixtures thereof. 

[0070] Suitable oral care agents include breath fresheners, 
tooth Whiteners, antimicrobial agents, tooth mineraliZers, 
tooth decay inhibitors, topical anesthetics, mucoprotectants, 
and the like. 

[0071] Suitable ?avorants include menthol, peppermint, 
mint ?avors, fruit ?avors, chocolate, vanilla, bubblegum 
?avors, coffee ?avors, liqueur ?avors and combinations and 
the like. 

[0072] Examples of suitable gastrointestinal agents 
include antacids such as calcium carbonate, magnesium 
hydroxide, magnesium oxide, magnesium carbonate, alumi 
num hydroxide, sodium bicarbonate, dihydroxyaluminum 
sodium carbonate; stimulant laxatives, such as bisacodyl, 
cascara sagrada, danthron, senna, phenolphthalein, aloe, 
castor oil, ricinoleic acid, and dehydrocholic acid, and 
mixtures thereof; H2 receptor antagonists, such as famota 
dine, ranitidine, cimetadine, niZatidine; proton pump inhibi 
tors such as omepraZole or lansopraZole; gastrointestinal 
cytoprotectives, such as sucra?ate and misoprostol; gas 
trointestinal prokinetics, such as prucalopride, antibiotics for 
H. pylori, such as clarithromycin, amoxicillin, tetracycline, 
and metronidaZole; antidiarrheals, such as diphenoxylate 
and loperamide; glycopyrrolate; antiemetics, such as 
ondansetron, analgesics, such as mesalamine. 

[0073] In one embodiment of the invention, the active 
ingredient may be selected from bisacodyl, famotadine, 
ranitidine, cimetidine, prucalopride, diphenoxylate, lopera 
mide, lactase, mesalamine, bismuth, antacids, and pharma 
ceutically acceptable salts, esters, isomers, and mixtures 
thereof. 

[0074] In another embodiment, the active ingredient is 
selected from analgesics, anti-in?ammatories, and antipyret 
ics, e.g. non-steroidal anti-in?ammatory drugs (NSAIDs), 
including propionic acid derivatives, e.g. ibuprofen, 
naproxen, ketoprofen and the like; acetic acid derivatives, 
e.g. indomethacin, diclofenac, sulindac, tolmetin, and the 
like; fenamic acid derivatives, e.g. mefenamic acid, 
meclofenamic acid, ?ufenamic acid, and the like; biphenyl 
carbodylic acid derivatives, e. g. di?unisal, ?ufenisal, and the 
like; and oxicams, e.g. piroxicam, sudoxicam, isoxicam, 
meloxicam, and the like. In one particular embodiment, the 
active ingredient is selected from propionic acid derivative 
NSAID, e.g. ibuprofen, naproxen, ?urbiprofen, fenbufen, 
fenoprofen, indoprofen, ketoprofen, ?uprofen, pirprofen, 
carprofen, oxaproZin, pranoprofen, suprofen, and pharma 
ceutically acceptable salts, derivatives, and combinations 
thereof. In another particular embodiment of the invention, 
the active ingredient may be selected from acetaminophen, 
acetyl salicylic acid, ibuprofen, naproxen, ketoprofen, ?ur 
biprofen, diclofenac, cyclobenZaprine, meloxicam, rofe 
coxib, celecoxib, and pharmaceutically acceptable salts, 
esters, isomers, and mixtures thereof. 

[0075] In another embodiment of the invention, the active 
ingredient may be selected from pseudoephedrine, phenyl 
propanolamine, chlorpheniramine, dextromethorphan, 
diphenhydramine, astemiZole, terfenadine, fexofenadine, 
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loratadine, desloratadine, cetiriZine, mixtures thereof and 
pharmaceutically acceptable salts, esters, isomers, and mix 
tures thereof. 

[0076] Examples of suitable polydimethylsiloxanes, 
Which include, but are not limited to dimethicone and 
simethicone, are those disclosed in Us. Pat. Nos. 4,906,478, 
5,275,822, and 6,103,260, the contents of each is expressly 
incorporated herein by reference. As used herein, the term 
“simethicone” refers to the broader class of polydimethyl 
siloxanes, including but not limited to simethicone and 
dimethicone. 

[0077] The active ingredient is present in the dosage form 
in a therapeutically effective amount, Which is an amount 
that produces the desired therapeutic response upon oral 
administration and can be readily determined by one skilled 
in the art. In determining such amounts, the particular active 
ingredient being administered, the bioavailability character 
istics of the active ingredient, the dosing regimen, the age 
and Weight of the patient, and other factors must be con 
sidered, as knoWn in the art. Typically, the dosage form 
comprises about 2 to about 75 Weight percent, for example, 
the dosage form may comprise about 5 to about 50 Weight 
percent, say about 7 to about 25 Weight percent of a 
combination of one or more active ingredients. In one 

embodiment, the core comprises a total of at least about 25 
Weight percent, eg about 25 to about 75 Weight percent 
(based on the Weight of the core) of one or more active 
ingredients. 
[0078] The active ingredient may be present in the dosage 
form in any form. For example, the active ingredient may be 
dispersed at the molecular level, eg melted or dissolved, 
Within the dosage form, or may be in the form of particles, 
Which in turn may be coated or uncoated. If the active 
ingredient is in form of particles, the particles (Whether 
coated or uncoated) typically have an average particle siZe 
of about 1-2000 microns. In one embodiment, such particles 
are crystals having an average particle siZe of about 1-300 
microns. In another embodiment, the particles ate granules 
or pellets having an average particle siZe of about 50-2000 
microns, preferably about 50-1000 microns, most preferably 
about 100-800 microns. 

[0079] In embodiments Where an active ingredient is con 
tained Within the core, at least a portion of the active 
ingredient may be optionally coated With a release-modify 
ing coating, as knoWn in the art. This advantageously 
provides an additional tool for modifying the release pro?le 
of active ingredient from the dosage form. For example, the 
core may contain coated particles of one or more active 
ingredients, in Which the particle coating confers a release 
modifying function, as is Well knoWn in the art. Examples of 
suitable release modifying coatings for particles are 
described in Us. Pat. Nos. 4,173,626; 4,863,742; 4,980, 
170; 4,984,240; 5,286,497; 5,912,013; 6,270,805; and 
6,322,819. Commercially available modi?ed release coated 
active particles may also be employed. Accordingly, all or a 
portion of one or more active ingredients in the core may be 
coated With a release-modifying material. 

[0080] In embodiments in Which it is desired for the active 
ingredient to be absorbed into the systemic circulation of an 
animal, the active ingredient or ingredients are preferably 
capable of dissolution upon contact With a ?uid such as 
Water, gastric ?uid, intestinal ?uid or the like. In one 
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embodiment, the dissolution characteristics of one or more 
active ingredients are modi?ed: e.g. controlled, sustained, 
extended, retarded, prolonged, delayed and the like. In one 
embodiment in Which one or more active ingredients are 
released in a modi?ed manner, the modi?ed release active 
ingredient or ingredients are contained in the core. In one 
particular such embodiment, the dosage form releases one or 
more active ingredients contained in the core at a substan 
tially constant rate over a speci?ed time interval. 

[0081] In one embodiment, the dissolution characteristics 
of at least one active ingredient meets USP speci?cations for 
immediate release tablets containing the active ingredient. 
For example, for acetaminophen tablets, USP 24 speci?es 
that in pH 5.8 phosphate buffer, using USP apparatus 2 
(paddles) at 50 rpm, at least 80% of the acetaminophen 
contained in the dosage form is released therefrom Within 30 
minutes after dosing, and for ibuprofen tablets, USP 24 
speci?es that in pH 7.2 phosphate buffer, using USP appa 
ratus 2 (paddles) at 50 rpm, at least 80% of the ibuprofen 
contained in the dosage form is released therefrom Within 60 
minutes after dosing. See USP 24, 2000 Version, 19-20 and 
856 (1999). In embodiments in Which at least one active 
ingredient is released immediately, the immediately released 
active ingredient is preferably contained in the shell or on 
the surface of the shell, eg in a further coating surrounding 
at least a portion of the shell. 

[0082] In certain embodiments, the core or core portions 
function as an eroding matrix from Which dispersed active 
ingredient is liberated by the dissolution of successive layers 
of the matrix surface. In these embodiments, the rate of 
active ingredient release from the core or core portion Will 
depend on the dissolution rate of the matrix material. Par 
ticularly useful eroding matrix materials for providing sur 
face erosion include those Which ?rst absorb liquid, then 
sWell and/or gel prior to dissolving. In certain such embodi 
ments, the eroding matrix core or core portion preferably 
comprises a release-modifying compressible or moldable 
excipient selected from sWellable erodible hydrophilic mate 
rials, pH-dependent polymers, insoluble edible materials, 
and combinations thereof. 

[0083] In certain other embodiments, the core or core 
portions function as a diffusional matrix. In these embodi 
ments, the core portion preferably comprises active ingre 
dient, distributed throughout an insoluble porous matrix, 
Which contains pores or channels through Which ?uids can 
enter the core or core portion, and the active ingredient must 
diffuse to be released from the dosage form. In these 
embodiments, the rate of active ingredient release from the 
core or core portion Will depend upon the area (A) of the 
matrix, the diffusion coef?cient (D), the porosity and 
tortuosity (T) of the matrix, the drug solubility (Cs) in the 
dissolution medium, and the drug concentration (Cp) in the 
dosage form. In embodiments in Which a core or core 
portion functions as a diffusional matrix, the release of the 
active ingredient from the core or core portion may be 
described as controlled, prolonged, sustained, or extended. 
In these embodiments, the contribution to active ingredient 
dissolution from the subject core portion may folloW Zero 
order, ?rst-order, or preferably square-root of time kinetics. 
In certain such embodiments, the diffusional matrix core or 
core portion preferably comprises a pore former. 

[0084] In embodiments in Which the core or core portion 
functions to modify release of an active ingredient contained 

Dec. 18, 2003 

therein, the release of active ingredient may be further 
modi?ed by the function of the surrounding shell or shell 
portion, as described above. In such embodiments, the 
release of the active ingredient from the dosage form Will be 
governed by the sum of all the contributions acting upon it, 
eg from the relevant core or core portion and shell or shell 
portions, and may be described as controlled, prolonged, 
sustained, extended, delayed, or pulsatile. In these embodi 
ments, the dissolution of active ingredient from the dosage 
form may folloW Zero-order, ?rst-order, or square-root of 
time kinetics. 

[0085] In embodiments in Which the core comprises mul 
tiple portions, the portions may comprise different materials, 
or be prepared by different methods, or both. In one par 
ticular embodiment a ?rst core portion may be prepared by 
compression, and a second core portion may be prepared by 
molding. 
[0086] In certain embodiments, the core comprises mul 
tiple portions, Which comprise different active ingredients or 
have different release-modifying properties, or both; and the 
shell comprises a corresponding number of multiple por 
tions, Which each cover a speci?c core portion in order to 
modify or further modify the release of one or more active 
ingredients contained Within the respective core portion. For 
such embodiments, it is critical to have a manufacturing 
process Which is capable of maintaining the orientation of 
the core prior to and during the application of the shell or 
each shell portion thereon. Advantageously, the orientation 
of the components of the dosage forms of the present 
invention can be precisely controlled, When manufactured 
using the thermal cycle or thermal setting apparatus and 
described beloW. In one such particularly preferred embodi 
ment, the dosage form comprises a core comprising a ?rst 
core portion and a second core portion Which are composi 
tionally different, Wherein at least one of the ?rst or second 
core portions comprises an active ingredient; and a shell 
Which surrounds the core and comprises a ?rst shell portion 
and a second shell portion Which are compositionally dif 
ferent, Wherein at least one of the ?rst or second shell 
portions confers a modi?cation to the release of an active 
ingredient contained in the underlying core portion. 

[0087] The core or core portion of the present invention 
may be prepared by any suitable method, including for 
example compression and molding, and depending on the 
method by Which it is made, typically comprises active 
ingredient and a variety of excipients (inactive ingredients 
Which may be useful for conferring desired physical prop 
erties to the core). 

[0088] In embodiments in Which the core, or a portion 
thereof, is made by compression, suitable excipients include 
?llers, binders, disintegrants, lubricants, glidants, and the 
like, as knoWn in the art. In embodiments in Which the core 
is made by compression and additionally confers modi?ed 
release of an active ingredient contained therein, the core 
preferably further comprises a release-modifying compress 
ible excipient. 

[0089] Suitable ?llers for use in making the core, or a 
portion thereof, by compression include Water-soluble com 
pressible carbohydrates such as sugars, Which include dex 
trose, sucrose, maltose, and lactose, sugar-alcohols, Which 
include mannitol, sorbitol, maltitol, xylitol, starch hydroly 
sates, Which include dextrins, and maltodextrins, and the 






































