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1
UNIFORM FILMS FOR RAPID DISSOLVE

DOSAGE FORM INCORPORA'I'ING
'I‘ASTE-MASKING COMPOSITIONS

('ROSS-RIil-‘liRliNCIi TO RlIiI .A'I'ED
APPLICATIONS

This application is a continuation-in-part ofU.S. applica‘
tion Ser. No. 10f768,809. filed .1 an. 30. 2004. which claims

benefit to U.S. Provisional Application No. GUM-43.741 filed
Jan. 30. 2003; U.S. application Ser. No. 10i’ir'68.809 is also a
continuation—in—part of PCTJUSO2I325?5. filed Oct. 11.
2002. which claims priority to U.S. Provisional Application
No. 60l386.937. filed Jun. 7. 2002. and is a continuation-irr-

part of U.S. application Ser. No. 10f0?4.272. filed Feb. 14.
2002. which claims priority to 11 .S. Provisional Application
No. 60828868. filed Oct. 12. 2001: U.S. application Ser. No.
101768.809 is also a continuation-in-part of PCTJ'USO2!
32594. filed Oct. ll. 2002. which claims priority to U.S.
Provisional Application No. 60!4l4.276. filed Sep. 27. 2002.
and U.S. Provisional Application No. 60886931 filed Jun.
7. 2002. and is a continuation-in-part ofU.S. application Ser.
No. 10l074.272. filed Feb. 14. 2002. which claims priority to
U.S. Provisional Application No. 602828.868. filed Oct. 12.
200]: and US. application Ser. No. 10f768.809 is also a
continuation-in-part of “(1050282542. filed Oct. 1 l.
2002. which claims priority to U .S. Provisional Application
No. 601886.937. filed Jun. 7. 2002. and U.S. Provisional
Application No. 60871940. filed Apr. 1]. 2002. and is a
contimlation-in-part of U .3. application Ser. No. 10f0?4.272.
liled Feb. 14. 2002. which claims priority to U.S. Provisional
Application No. 601328.868. filed Oct. 12. 2001: this appli-
cation is also a continuation-in-part of U.5. application Ser.
No. 101856.176. filed May 28. 2004. which claims priority to
U.S. Provisional Application No. 60F473.902. filed May 28.
2003: U.S. application Ser. No. 10l856.176 is also a continu-
ation-in-part of U.S. application Ser. No. 10l768.809: the
contents all of which are incorporated herein by reference.

FIELD OF TI-Il'i INVIiN'l‘ION

The present invention relates to rapidly dissolving films
and methods oftheir preparation. The films contain a polymer
component and active ingredients as taste-masked or con-
trolled-release coated particles unifonnly distributed
throughout the film.

BACKGROUND OF THE RELATED
TECHNOLOGY

Active ingredients. such as drugs or pharmaceuticals. may
be prepared in a tablet form to allow for accurate and consis-
tent dosing. However. this form of preparing and dispensing
medications has many disadvantages including that a large
proportion of adjuvants that must be added to obtain a size
able to be handled. that a larger medication fonu requires
additional storage space, and that dispensing includes count-
ing the tablets which has a tendency for inaccuracy. In addi-
tion. many persons. estimated to be as much as 28% of the
population. have difficulty swallowing tablets. While tablets
may be broken into smaller pieces or even crushed as a means
of overcoming swallowing difficulties. this is not a suitable
solution for many tablet or pill forms. For example. crushing
or destroying the tablet or pill form to facilitate ingestion.
alone or in admixture with food. may also destroy the con-
trolled release properties.
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As an alternative to tablets and pills. films may be used to
carry active ingredients such as drugs. pharmaceuticals. and
the like. However. historically films and the process of mak-
ing drug delivery systems therefrom have sulTered from a
number of unfavorable characteristics that have not allowed

lhem to be used in practice.
Films that incorporate a pharmaceutically active ingredient

are disclosed in expired U.S. Pat. No. 4.136.145 to Fuchs. et
a1. (“Fuchs”). These films may be formed into a sheet. dried
and then cut into individual doses. The Fuchs disclosure

alleges the fabrication of a uniform film. which includes the
combination ofwater—soluble polymers. surfactants. flavors.
sweeteners. plasticizers and drugs. These allegedly flexible
films are disclosed as being useful for oral. topical or enteral
use. Examples of specific uses disclosed by Fuchs include
application of the films to mucosal membrane areas of the
body. including the mouth. rectal. vaginal. nasal and ear areas.

Examination of films tirade in accordance with the process
disclosed in Fuchs. however. reveals that such films suffer

' from the aggregation or conglomeratiou of particles. i.e..
self—aggregation. making them inherently non—uniform. This
result can be attributed to Fuchs‘ process parameters. which
although not disclosed likely include the use ofrelatively long
drying times. thereby facilitating intermolecular attractive
forces. convection forces. air flow and the like to form such

agglomeration.
The formation of agglomerates randomly distributes the

film components and any active present as well. When large
dosages are involved. a small change in the dimensions ofthe
film would lead to a large difference in the amount of active
per film. If such films were to include low dosages of active.
it is possible that portions of the film may be substantially
devoid ofany active. Since sheets of film are usually cut into
unit doses. certain doses may therefore be devoid of or con-
tain an insufficient amount of active for the recommended

treatment. Failure to achieve a high degree of accuracy with
respect to the amount of active ingredient in the cut film can
be harmful to the patient. For this reason. dosage fomrs
formed by processes such as Fuchs. would not likely meet the
stringent standards of governmental or regulatory agencies.
such as the U.S. Federal Drug Administration (“FDA”). relat-
ing to the variation of active in dosage forms. Currently. as
required by various world regulatory authorities. dosage
forms may not vary more than 10% in the amount of active
present. When applied to dosage units based on films. this
virtually mandates that uniformity in the film be present.

The problems of self-aggregation leading to non-unifor-
mity ol'a film were addressed in U.S. Pat. No. 4.849.246 to
Schmidt (“Schmidt”). Schmidt specifically pointed out that
the methods disclosed by Fuchs did not provide a uniform
film and recognized that that the creation of a non—uniform
film necessarily prevents accurate dosing. which as discussed
above is especially important in the pharmaceutical area.
Schmidt abandoned the idea that a mono-layer film. such as
described by Fuchs. may provide an accurate dosage form
and instead attempted to solve this problem by forming a
multi—layered film. Moreover. his process is a rnulti—step pro—
cess that adds expense and complexity and is not practical for
commercial use.

Other U.S. patents directly addressed the problems of par-
ticle self-aggregation and non-uniformity inherent in conven-
tional film forming techniques. in one attempt to overcome
nonwuniformity. U.S. Pat. No. 5.629.003 to Horstrnann et al.
and U.S. Pat. No. 5.948.430 to Zerbe et al. incorporated
additional ingredients. i.e. gel formers and polyhydric alco-
hols respectively. to increase the viscosity ofthe frlm prior to
drying in an effort to reduce aggregation ofthe components in
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the filth. These methods have the disadvantage of requiring
additional components. which translates to additional cost
and manufacturing steps. Furthermore. botli methods employ
the use the conventional time-consuming drying methods
such as a high-temperature air-bath using a drying oven.
drying tunnel. vacuum drier, or other such drying equipment.
The long length ofdrying time aids in promoting. the aggre—
gation of the active and other adjuvant. notwithstanding the
ttse ofviscosity modifiers. Such processes also run the risk of
exposing the active. i.e.. a drug. or vitamin C. or other com-
ponents to prolonged exposttre to moisture and elevated tem-
peraturcs. which tuay render it ineffective or even harmful.

In addition to the concerns associated with degradation of
an active during extended exposure to moisture. the conven—
tional drying methods themselves are unable to provide titli-
form films. The length of heat exposure during conventional
processing. often referred to as the “heat history”. and the
mamier in which such heat is applied. have a direct effect on
the limitation and morphology of the resultant Iiltn product.
Uniformity is particularly difficult to achieve via conven-
tional drying methods where a relatively thicker film. which is
well—suited for the incorporation of a drug active. is desired.
Thicker uniform films are more difficult to achieve because

the surfaces of the film and the inner portions of the film do
not experience the same external conditions simultaneously
during drying. Thus, observation of relatively thick films
made from such conventional processing shows a non-uni-
form structure caused by convection and intermolecular
forces and requires greater than 10% moisture to remain
flexible. The amount of free moisture can often interfere over

time with the drug leading to potency issues and therefore
inconsistency in the final product.

Conventional drying methods generally include the use of
forced hot air using a drying oven. drying tunnel. and the like.
The difficulty in achieving a uniform film is directly related to
the rheological properties and the process of water evapora—
tion in the film-forming composition. When the surface ofan
aqueous polymer solution is contacted with a high tempera-
tttre air current. such as a film-forming composition passing
through a hot air oven. the surface water is immediately
evaporated forming a polymer film or skin on the surface.
This seals the remainder of the aqueous film—forming com—
position beneath the surface. forming a barrier through which
the remaining water must force itselfas it is evaporated in
order to achieve a dried film. As the temperature outside the
film continues to increase. water vapor pressure builds up
under the surface ofthe film. stretching the surface ofthe film.
and ultimately ripping the film surface open allowing the
water vapor to escape. As soon as the water vapor has
escaped. the polymer film surface reforms. and this process is
repeated. until the film is completely dried. The result of the
repeated destruction and reformation of the film surface is
observed as a “ripple effect“ which produces an uneven. and
therefore non-uniform film. Frequently. depending on the
polymer. a surface will seal so tightly that the remaining water
is difficult to remove. leading to very long drying times.
higher temperatures. and higher energy costs.

Other factors. such as mixing techniques. also play a role in
the manufacture of a pharmaceutical film suitable for com-
mercialization and regulatory approval. Air can be trapped in
the composition during the mixing process or later during the
film making process. which can leave voids in the film prod-
ttct as the moisture evaporates during the drying stage. The
film frequently collapse around the voids resulting in an
uneven film surface and therefore. non—uniformity of the final
film product. Uniformity is still affected even if the voids in
the film caused by air bubbles do not collapse. This situation
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also provides a non-uniform film in that the spaces. which are
not uniformly distributed. are occupying area that would oth-
erwise be occupied by the film composition. None of the
above-mentioned patents either addresses or proposes a solu-
tion to the problems caused by air that has been introduced to
the film.

Therefore. there is a need for methods and compositions
for film products. which use a minimal number ofmaterials or
components. and which provide a substantially non-self-ag-
gregating unifomi heterogeneity throughout the area of the
films. Desirably. such films are produced through a selection
ol‘a polymer or combination ofpolymers that will provide a
desired viscosity. :1 film-limiting process such as reverse roll
coating. and a controlled. and desirably rapid. drying process
which serves to maintain the uniform distribution ofnonfiselfu

aggregated components without the necessary addition ofgel
formers or polyhydric alcohols and the like which appear to
be required in the products and for the processes of prior
patents. such as the aforementioned l-lorstmann and Zerbe
patents. Desirably. the films will also incorporate composi-
tions and methods ofmanufacture that substantially reduce or
eliminate air in the film. thereby promoting uniformity in the
final film product.

SUMMARY OF THE INVENTION

In one aspect. this invention provides rapid-dissolve film
products for drug delivery whereby the active agents are
taste-inasked or controlled-release coated particles uniformly
distributed throughout the film. The uniform films of this
invention can be divided into equally sired dosage tutits hav-
ing substantially equal amounts of each compositional com-
ponent present. This advantage is particularly useful because
it permits large area films to be initially formed. and subSe-
quently cut into individual dosage units without concem for
whether each unit is compositional ly equal. Phamiaceutical
film dosage forms to date have not been marketed largely dtte
to the inability to achieve this result. Thus, for example. the
films of the present invention have particular applicability as
phannaceutical dosage delivery systems because each dosage
unit. e.g.. each individual dosage film unit. will contain the
proper predetermined amount of drug.

In a further aspect of the present invention. methods of
forming the filtns of this invention are provided. by wet cast-
ing methods and hot melt extrusion methods. in a wet casting
method. the film product is fomied by combining a polymer
and a polar solvent. forming the combination into a film. and
drying the film in a controlled manner. Preferably. the film is
dried initially only applying heat to the bottom side of the
film. in order to maintain a non—self—aggregating uniform
heterogeneity. Desirably. during the initial bottom drying
stage. substantially no convection currents. i.e.. hot air cur-
rents. are pemiittcd to travel across the top ofthe film until the
visco-elastic properties of the film are such that the film
components are “locked” in place and cannot move to cause
nonwuniformity. At that stage. other methods of heating to
effect drying may be employed.

The films may be formed with a polar solvent which may
be water. a polar organic solvent. ora combination thereof. An
active ingredient may be added to the polymer and water
combination prior to the drying step. Alternatively. or in addi-
tion to controlling the drying the film. the polymer may be
selected in order to provide a viscosity that maintains the
no1i—self~'tggregating uniform heterogeneity. Moreover. the
composition desirably is mixed in a manner to minimize the
incorporation of air into the mixture and is desirably deaer-
ated, such as by conditioning at room temperature. vacuum
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treatment or the like. to allow trapped air to escape prior to the
drying process. This serves to eliminate bubble and void
formation in the final film product. thereby further improving
uniformity. Reverse roll coating is one particularly useful
coating technique may also be used to form the film.

Another embodiment of the present invention may include
a rapid—dissolve film product containing at least one water—
soluble polymer including polyethylene oxide alone or in
combination with a hydrophilic cellulosic polymer. wherein
the film product may be free ofadded plasticizers. Preferably.
the rapid-dissolve film product includes at least one water-
soiuble polymer containing about 20% to 100% by weight
polyethylene oxide. about 0% to 80% by weight hydroxypro-
pylmethyl cellulose. and about 0% to 80% by weight hydrox—
ypropyl cellulose: an active component: sweetener: at least
one flavoring: and at least one colorant. wherein the film
product optionally is free of added plasticizers. surfactants.
and polyalcohols.

in another aspect of the present invention. the films
employing polyethylene oxide as the film-fonning polymer
may be formed by a hot melt extrusion process. whereby an
edible film—forming polymer is provided. and active compo»
nents are added during manufacture; and the mixture is
blended at elevated temperature in the absence of additional
solvent to form a uniform matrix. and extruded to form a film.

Desirably, the film will be further shaped by rollers to a
specified thickness. and allowed to cool and harden to form a
self supporting film. A particularly desirable film forming
polymer for extrusion manufacture is polyethylene oxide,
which is heated to about 65” (T. to about 80° C. during blend-
ing to provide a pliable uniform matrix. The extrusion may be
accomplished with a single screw extrusion apparatus or
other suitable extrusion apparatus.

A particular advantage of the aforementioned extrusion
processes when employed with particulate coated active
ingredients is that the absence ofadditional solvent during the
manufacturing process lessens the likelihood of dissolution
or release of the taste-masked or controlled-release coated

active agent during manufacture due to dissolution or solvent
efi‘ects.

Another aspect of the present invention provides films
containing coated particles that include an active agent and a
taste—masking andJor controlled—release coating. Accord—
ingly. there is provided a drug delivery composition that
includes (i) a flowable water-soluble film fomiing matrix; (ii)
a particulate bioeITecting agent uniformly stationed therein:
and (iii) a taste-masking agent or controlled-release agent
coated or inti inater associated with the particulate to provide
taste~1nasking of the bioeffecting agent. In some embodiw
ments. the combined particulate and taste—masking agent
have a particle size of 200 microns or less and the fiowable
water-soluble film fonning matrix is capable of being dried
without loss of uniformin in the stationing of the particulate
biocfl'ecting agent therein.

In sortie other embodiments. the taste-masking or con-
trolledwrelease coated particles may have a particle size of 50
to 250 microns, and the fiowable water—soluble film forming
matrix is capable ofbeing dried without loss of uniformity in
the stationing of the particulate bio-effecting agent therein.
The importance ofparticle size is heightened in orally ingest-
ible thin films. where uniformin is also of particular impor-
tance. and the prior art has failed to recognize such critically
important features.

Desirably. the size of the combined particulate and taste—
masking agent have a particle size of 150 microns or less. or
100 microns or less. The [iowable water-soluble film forming
matrix is formable into a dry film of less than about 380
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microns in thickness. for example less than about 250
microns in thickness. Desirably. the coated particles are
embedded entirely within the finished films. In other words
the dry films of the present invention desirably have smooth
surfaces free ofexposed agents or coated particles that could
impart grittiness or tnaldistribution ofthe active. 'l'hus. in one
aspect of the invention there is provided a film vehicle which
contains a uniform distribution of actives, as defined herein.
being suitably free ofparticles which accumulate on the film
surface when dried.

Desirably. the taste-masking or controlled-release agent is
a thin film coating over portions of the bioeffecting agent.
Useful taste-masking agents include polymeric materials.
Water—soluble polymers are also useful. Desirably, the water—
soluble polymer has an average molecular weight of equal to
or greater than about 40.000. furthermore. water-soluble
polymers may be acrylic polymers. celltllosic polymers. and
combinations thereof. Additionally; vinyl polymers, crown
ethers. hydrogenated oils and waxes. and combinations
thereof may also be used as taste-masking agents.

In some embodiments described herein, a thin film drug
delivery composition includes: (a) an edible water—soluble
film forming matrix; and (b) a coated particulate active cont-
ponent uniformly stationed therein, wherein the coating on
the particulate active component is a taste-masking or corr-
trolled-release agent and wherein the coated particulate active
component has a particle size of 50 to 250 microns and is
uniformly distributed in the film composition.

In some other embodiments. there is provided a thin film
drug delivery composition. which includes: (a) an edible
water-soluble film fomiing matrix including at least one
water-soluble polymer including polyethylene oxide alone or
in combination with a hydrophilic cel lulosic polymer: and (b)
a coated particulate active component unifonuly stationed
therein. wherein the coating on the particulate active compo—
nent is a taste—masking andr'or controlled—release agent. and
wherein the active component is uniformly distributed in the
film composition.

Some other embodiments provide a drug delivery vehicle
including:

a dry mucoadhering film having a thickness defined by
opposed surfaces; the film including:

(i) a water—soluble polymer;
(ii) a pharmaceutically active particle including a pharma-

ceutically active agent; and a taste-masking agent;
wherein the particle having a particle size oflcss than about

200 microns and the taste-masking agent being present in
amounts o fabout 15-80% by weight n f the particle.

Still other embodiments provide a method of preparing a
thin film drug delivery vehicle including:

(a) providing a pharmaceutically active agentr’taste—mask—
ing agent complex;

(b) combining the complex with a water-soluble polymer
and a solvent to form a mixture with uni form distribution

of the complex therein:
(c) casting the mixture onto a planar carrier surface to form

a thin film on the carrier surface; and

(d) controllany drying the thin film to form a distribution
variance of the complex having less than about 10%
variance throughout any given area of the thin film.

In still other embodiments. there is provided a method of
preparing a thin film drug delivery vehicle having a substan-
tially uniform distribution of components including:

(a) forming a masterbatch pre—mix of an edible water—
soluble polymer component and water:

(b) feeding a predetermined amount of the premix to at
least one mixer;
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(c) adding to the at least one mixer a predetermined amount
ofa taste-masked active component including a particu-
late active component and a taste masking agent coating
the particulate active component:

(d) mixing the premix and the taste-masked active compo-
nent in the at least one mixer to form a uniform matrix:

(e) forming a wet film from the matrix;
(D rapidly forming a visco-elastic film by applying hot air

currents to the bottom side ofthe wet film with substan-

tially no top air flow: and
(g) drying the visco-elastic filtn to forth a self-supporting

edible film.

In yet other embodiments, there is provided a process for
making a self-supporting. edible film having a substantially
uniform distribution of components including:

(a) forming a premix of an edible water-soluble polymer
component containing polyethylene oxide and option-
ally one or more additional polymers;

(b) blending into the premix a taste-masked active compo-
nent including a particulate active component coated
with a taste masking agent. to form a uniform matrix:

(c) extruding a film from the matrix: and
(d) cooling the film to form a self-supporting edible fihn.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I shows a side view of a package containing a unit
dosage film of the present invention.

FIG. 2 shows a top view of two adjacently coupled pack-
ages containing individual unit dosage t‘omts of the present
invention. separated by a tearable perforation.

FIG. 3 shows a side view of the adjacently coupled pack-
ages of FIG. 2 arranged in a stacked configuration.

FIG. 4 shows a perspective view ofa dispenser for dispens~
ing the packaged unit dosage forms. dispenser containing the
packaged unit dosage forms in a stacked configuration.

FIG. 5 is a schematic view of a roll of coupled unit dose
packages of the present invention.

FIG. 6 is a schematic view of an apparatus suitable for
preparation of a pre-mix. addition of an active. and subse-
quent formation of the film.

FIG. '7 is a schematic view of an apparatus suitable for
drying the films of the present invention.

FIG. 8 is a sequential representation of the drying process
of the present invention.

FIG. 9 is a photographic representation ofa film dried by
conventional drying processes.

FIG. 10 is a photographic representation of a film dried by
conventional drying processes.

FIG. 11 is a photographic representation ofa film dried by
conventional drying processes.

FIG. 12 is a photographic representation of a film dried by
conventional drying processes.

FIG. 13 is a photographic representation ofa film dried by
conventional drying processes.

FIG. 14 is a photographic representation ofa film dried by
conventional drying processes.

FIG. 15 is a photographic representation of a film dried by
conventional drying processes.

FIG. l6 is a photographic representation ofa film dried by
conventional drying processes.

FIG. 17 is a photographic representation of a film dried by
the inventive drying process.

FIG. 18 is a photomicrographic representation of a film
containing fat coated particles dried by the inventive drying
process.
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FIG. 19 is a photomicrographic representation of a film
containing fat coated particles dried by the inventive drying
process.

FIG. 20 is a photomicrographic representation of a film
containing fat coated particles dried by the inventive drying
PTUCCSS.

FIG. 21 is a photomicrogmphic representation of a fihn
containing fat coated particles dried by the inventive drying
process.

FIG. 22 is a photomicrogmphic representation of a film
containing fat coated particles dried by the inventive drying
process.

FIG. 23 is a photomicrogtaphic representation of a film
containing fat coated particles dried by the inventive drying
process.

FIG. 24 is a photomicrographic representation of a film
containing fat coated particles dried by the inventive drying
process.

FIG. 25 is a photomicrographic representation of a film
' containing fat coated particles dried by the inventive drying

process.

FIG. 26 is a photomicrographic representation offat coated
particles not in film. heated for 9 minutes at 80° C.

FIG. 27 is a photomicrographic representation offat coated
particles not in film. heated for 9 minutes at 80° C.

FIG. 28 is a phototnicrographic representation offat coated
particles at room temperature prior to processing.

FIG. 29 is a photomicrographic representation offat coated
particles at room temperature prior to processing.

FIG. 30 is a photomicrographic representation offat coated
particles at room temperature prior to processing.

FIG. 31 is a photomicrographic representation offat coated
particles at room temperature prior to processing.

FIG. 32 is a graphical representation ofa microarray on the
blood ofa human after ingestion by the human ofa film of the
present invention containing a bovine derived protein.

FIG. 33 is a graphical representation of the temperature
differential between the inside and outside of a film of the

present invention during drying.
FIG. 34 is a graphical representation of the temperature

differential between the inside and outside of a film of the

present invention during drying.
FIG. 35 is a schematic representation of a continuously—

linked zone drying apparatus in accordance with the present
invention.

FIG. 36 is a schematic representation of a separate zone
drying apparatus in accordance with the present invention.

FIG. 37 is a schematic representation of a single screw
extrusion apparatus for use in producing films of the present
invention.

FIG. 38 is a table providing examples of thin film compo-
sitions of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

For the purposes ofthe present invention the term non—self—
aggregating uniform heterogeneity refers to the ability ofthe
films of the present invention to provide a substantially
reduced occurrence of. i.e. little or no. aggregation or con-
glomeration of components within the film as is normally
experienced when films are formed by conventional drying
methods such as a high-temperature air-bath using a drying
oven. drying tunnel. vacuum drier. orother such drying equip—
ment. The term heterogeneity, as used in the present inven—
tion. includes films that will incorporate a single component.
such as a polymer. as well as combinations of components.
such as a polymer and an active. Uniform heterogeneity
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includes the substantial absence of aggregates or conglomer-
ates as is common in conventional mixing and heat drying
methods used to fon'n films.

Furthermore. the films of the present invention have a
substantially uniform thickness. which is also not provided by
the uso ofconventiona] drying methods used fordrying water-
based polymer systems. The absence of a unifonn thickness
detrimentally afiects uniformity of component distribution
throughout the area of a given film.

The film products of the present invention may be pro-
duced by a wet casting method. using a combination of a
properly selected polymer and a polar solvent. optionally
including an active ingredient as Well as other fillers known in
the art. In an alternative embodiment. a hot melt extrusion
process may be used.

The film prodttcts of the present invention contain active
agents in taste-masked or controlled-release coated particles
uniformly distributed throughout the film. The active agents
may be llavors. cooling agents, pharmaceuticals. vitamins.
nutraceuticals. or other biocfi‘ecting agents.

The coatings on the taste—masked or controlled—release
particles desirably have a protective function. in addition to
the taste-masked or controlled-release activity. The coatings
desirably are sufficiently physically capable of withstanding
the mechanical and thermal forces associated manufacturing
processes. such as mixing. casting. rolling, drying. and hot
melt extrusion.

Additionally. the coatings desirably do not prematurely
release the active agent or substantially expose the active
agent to the environment. e.g.. solvent or air. such that the
active has the potential to hydrolyze. oxidize. or otherwise be
deleteriously affected by undesired release from the particle
coating. Moreover. maintenance ofthe physical and chemical
integrity of the coating not only preserves the activity of the
active agent. but also allows for the coating to perform its
taste—masked or controlled—release function when consumed.

In embodiments of this invention etnploying particulate
active agents. whether coated or not. it is important that the
particles not release the active agent during manufacture of
the film. yet provide suitable release in the stomach or month
during dosing. or during dissolution testing. Thus. the par-
ticles must reside intact dttring mixing. coating. film forming.
and drying steps. so that the particles remain ready to dissolve
in the finished film only in an appropriate envirorunent.
Accordingly. manufacturing conditions must be balanced
with the composition of the particles to provide stability
during manufacture. yet appropriate release ofdrug. Note that
by employing daughter mixers 30 and 30' (see FIG. 6) in wet
casting embodiments ofthis invention. and not adding active
drug to the master batch 22. there is less concem over stability
of the particles during possibly extended periods alter the
master batch is mixed bttt prior to flint forming operations.
With the daughter mixers 3t} and 30'. the active agent or other
ingredients that are incompatible with extended hold ti Ines in
the master batch can be mixed just prior to the film forming
operations with only minimal contact with the liquid ingre~
dients prior to film forming. Even so, the particles should be
stable in the liquid film forming ingredients for a sufficient
period oftime to compensate for the time required to form and
dry the film after the film fomiing ingredients leave the
daughter mixers. This time period may be as long as 30
minutes.

Similarly. a particular advantage to the extrusion processes
ofthis invention is that solvents are not normally used in the
extrusion methods as described herein. Accordingly. there is
a greater likelihood that a coated active agent. if present. will
be stable during the manufacture. Without a solvent in the film
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forming process, there is less likelihood that a coated particle
will dissolve and release the active agent prematurely.
Film-Forming Polymers

The polymer may be water soluble. water swellable. water
insoluble. or a combination of one or more either water

soluble. water swellable or water insoluble polymers. The
polymer may include cellulose or a cellulose derivative. Spe—
cific examples of useful water soluble polymers include, but
are not limited to. polyethylene oxide (PEG), pullulan.
hydroxypropylmethyl cellulose {HPMC}. hydroxyethyl cel-
lulose (l-IPC). hydroxypropyl cellulose. polyvinyl pyrroli-
done. carboxymethyl cellulose. polyvinyl alcohol. sodium
algiuate. polyethylene glycol. xarttl'tan guru. tragancanth
gum. guar gum, acacia gum. arabic gum. polyacrylic acid.
methylmethacrylate copolymer. carboxyvinyl copolytners.
starch. gelatin. and combinations thereof. Specific examples
of useful water insoluble polymers include. but are not lim-
ited to. ethyl cellulose. hydroxypropyl ethyl cellulose. cellu-
lose acetate phthalate. hydroxypropyl methyl cellulose
phthalatc and combinations thereof.
Polymers for Wet—Cast Films

Polymers for wet—cast films may employ a polar solvent.
such as water or alcohol, during the manttfacturing proceSs to
soften or dissolve the polymeric film forming materials. Pref-
erably. the polymers will be water solttble. As used herein the
phrase “water soluble polymer" and variants thereof refer to
a polymer that is at least partially soluble in water. and desir-
ably fitlly or predominantly soluble in water. or absorbs
water. Polymers that absorb water are often referred to as
being water swellable polymers. The materials useful with
the present invention may be water soluble or water swellable
at room temperature and other temperatures. such as tempera-
tures exceeding room temperature. Moreover. the materials
may be water soluble or water swellable at pressures less than
atmospheric pressure. Desirably. the water solttble polymers
are water soluble or water swellable having at least 20 percent
by weight water ttptake. Water swellable polymers having a
25 or greater percent by weight water uptake are also useful.
Films or dosage forms of the present invention formed from
such water soluble polymers are desirably sufficiently water
soluble to be dissolvable upon contact with bodily fluids.

Other polymers useful for incorporation into the films of
the present invention include biodegradable polymers.
copolymers. block polymers and combinations thereof.
Among the known useful polymers or polymer classes which
meet the above criteria are: poly{glycolic acid) (PGA). poly
(lactic acid) (FLA), polydioxanoes. polyoxalates. poly(ot-
esters). polyartltydrides. polyacetates. polycaprolactortes,
poly[orthoesters). polyamino acids. polyaminocarbonates.
polyurethanes. polycarbonates. polyamjdes. poiy(alkyl
cyanoacrylates), and mixtures and copolymers thereof. Addi-
tional useful polymers include. stereopolymers of L- and
D-lactic acid. copolymers ofbis(p-carboxyphenoxy) propane
acid and sebacic acid, sebacic acid copolymers. copolymers
of caprolactone. poly(lactic acid)x’poly(glycolic acid)r’poly-
ethyleneglycol copolymers. copolymers ofpolyurethane and
(poly(lactic acid). copolymers of polyurethane and poly(lac—
tic acid). copolymers of a—amjno acids. copolymers of
(it-amino acids and caproic acid. copolymers of o-benzyl
glutamate and polyethylene glycol. copolymers of succinate
and poly(glycols). polyphosphazene. polyhydroxy-al-
kanoates and mixtures thereof. Binary and ternary systems
are contemplated.

Other specific polymers useful include those marketed
under the Medisorb and Biodel trademarks. The Medisorb

materials are marketed by the l'JLIpont Company ofWilming-
ton. Del. and are generically identified as a “lactiderglycoiide
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co-polymer“ containing “propanoic acid. 2-11ydroxy—polyA
mer with hydroxy-polymer with hydroxyacetic acid." l-‘our
such polymers include lactidei’glycolide 100 L. believed to be
100% lactide having a melting point within the range of
338°-347“ l". [170°-175° C .1: lactidei'glycolide mo 1..
believed to be 100% glycolide having a fuelling point within
the range of 437°~455° F. {225°—235° C); lactider‘glycolide
8505. believed to be 85% lactide and 15% glycolide with a
melting point within the range of SSW-347° l-'. (Jim-175"
C.): and lactider’glycolide 50150. believed to be a copolymer
of50% lactide and 50% glycolide with a melting point within
the range of338°-347° F. (WW-175° C.).

The Biodel materials represent a family ofvarious polyan-
hydrides which differ chemically.

Although a variety ofdilferent polytners may be used. it is
desired to select polymers to provide a desired viscosity of the
mixture prior to drying. For example. if the active or other
components are not soltlble in the selected solvent. a polymer
that will provide a greater viscosity is desired to assist in
maintaining uniformity. On the other hand. ifthe components -
are soluble in the solvent. a polymer that provides a lower
viscosity may be preferred.

‘lhe polymer plays an important role in affecting the vis-
cosity of the film. Viscosity is one property of a liquid that
controls the stability of the active in an emulsion. a colloid or
a suspension. Generally the viscosity ofthe matrix will vary
from about 400 cps to about 100.000 cps. preferably from
about 800 cps to about 60.000 cps, and most preferably from
about 1.000 cps to about 40.000 cps. Desirably. the viscosity
of the film-forming matrix will rapidly increase upon initia-
tion of the drying process.

The viscosity may be adjusted based on the selected active
depending on the other components within the matrix. For
example. ifthe component is not soluble within the selected
solvent. at proper viscosity may be selected to prevent the
component from settling which would adversely affect the
uniformity of the resulting film. The viscosity may be
adjusted in different ways. To increase viscosity of the film
matrix. the polymer may be chosen of a higher molecular
weight or crosslinkers may be added. such as salts ofcalcium.
sodium and potassium. The viscosity may also be adjusted by
adjusting the temperature or by adding a viscosity increasing
component. Components that will increase the viscosity or
stabilize the emulsionfsuspension include higher molecular
weight polymers and polysaccharides and gums. which
include without limitation. alginate. carrageenan. hydrox-
ypropyl methyl cellulose. locust bean gum. guar gum. xan-
than gum. dcxtran. gum arabic. gellan gum and combinations
thereof.

It has also been observed that certain polytners whichwhen
used alone would ordinarily require a plasticizer to achieve a
flexible film. can be combined without a plasticizer and yet
achieve flexible films. For example, l-ll’MC and HM.“ when
used in combination provide a flexible. strong film with the
appropriate plasticity and elasticity for manufacturing and
storage. No additional plasticizer or polyalcohol is needed for
flexibility.
Polymers for Extruded Films

In an alternative embodiment of this invention. hot melt

extrusion may be used to form films. For extrusion processes.
the polymers must be thermoplastic. meaning the polymers
can be melted in a suitable apparatus. blended with other
ingredients as desired. and extruded under pressure through
an orifice to provide a film.

Among the polymers recited above. polyethylene oxide
(P150). when used alone or in combination with a hydrophilic
cellttlosic polymer. is particularly suited to hot melt extrusion
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processes. and achieves flexible. strong films. Additional
plasticizers orpolyalcohols may optionally be included. Non-
limiting examples of suitable cellulosic polymers for combi-
nation with PEO include l-lPC and HPMC. PEG and HPC

have essentially no gelation temperature, while liPMC has a
gelation temperature of 58-64” C. (Methocel lil" available
from Dow Chemical Co.). Moreover. these films are sulfi-

ciently flexible even when substantially free of organic sol-
vents. which may be removed without compromising film
properties. As such. ifthere is no solvent present. then there is
no plasticizer in the films. PEO based films also exhibit good
resistance to tearing, little or no curling. and fast dissolution
rates when the polymer component contains appropriate lev—
els of PEG.

To achieve the desired film properties. the level andfor
molecular weight of PE.() in the polymer component may be
varied. Modifying the PEO content affects properties such as
tear resistance. dissolution rate. and adhesion tendencies.

Thus. one method for controlling film properties is to modify
the PEO content. For instance. in some embodiments rapid
dissolving films are desirable. By modifying the content of
the polymer component. the desired dissolution characteris-
tics can be achieved.

In accordance with the present invention. PEO desirably
ranges from about 20% to 100% by weight in the polymer
component. In some embodiments. the amount of P150 desir-
ably ranges from about 1 mg to about 200 mg.

In some embodiments of the instant invention. a hydro"
philic cellulosic polymer such as l-lPMC may also be used as
a water soluble polymer. in from about 0% to about 80% by
weight. or in a ratio of up to about 4:1 with the P130. and
desirably in a ratio ofabout 1:1.

In some embodiments. it may be desirable to vary the PEO
levels to promote certain film properties. To obtain films with
high tear resistance and fast dissolution rates. levels ofabout
50% or greater of PEO in the polymer component are desir-
able. To achieve adhesion prevention. i.e.. preventing the film
from adhering to the roof of the mouth. PEO levels of about
20% to 75% are desirable. in some embodiments, however.
adhesion to the roof of the mouth may be desired. such as for
administration to animals or children. In such cases. higher
levels of PEO may be employed. More specifically. structural
integrity and dissolution of the film cart be controlled such
that the film can adhere to mucosa and be readily removed. or
adhere more firmly and be difficult to remove. depending on
the intended use.

The molecular Weight of the PEO may also be varied. I-ligh
molecular weight PEO. such as about 4 million. may be
desired to increase mucoadhesivity of the film. More desir—
ably. the molecular weight may range from about 100.000 to
900.000. more desirably from about [00.000 to 600.000. and
most desirably from about 100.000 to 300.000. In some
embodiments. it may be desirable to combine high molecular
weight (600.000 to 900.000) with low molecular weight { 100.
000 to 300.000) PEOs in the polymer component.

For instance. certain film properties. such as fast dissolu—
tion rates and high tear resistance. may be attained by com—
bining small amotutts of high molecular weight P1-'i()s with
larger amounts of lower molecular weight PEOs. Desirably.
such compositions contain about 60% or greater levels ofthe
lower molecular weight PEO in the PRO-blend polymercom-
ponent.

To balance the properties ofadbesion prevention. fast dis—
solution rate. and good tear resistance. desirable film compo-
silions may include about 50% lo 75% low molecular weight
PliO. optionally combined with a small amount of a higher
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molecular weight PEO. with the remainder of the polymer
component containing a hydrophilic ccllulosic polymer
(l-IPC‘ or HPMC).
Controlled Release Films

The term “controlled release" is intended to mean the

release ofactive at a pre-selected or desired rate. This rate will
vary depending upon the application. Desirable rates include
fast or immediate release profiles as well as delayed. sus-
lained or sequential release. Combinations of release pat-
terns. suclt as initial spiked release followed by lower levels of
sustained release of active are contemplated. Pulsed drug
releases are also contemplated.

The polymers that are chosen for the films ofthe present
invention may also be chosen to allow for controlled disinte—
gration of the active. This may be achieved by providing a
substantially water insoluble film that incorporates an active
that will be released front the film over time. This may be
accomplished by incorporating a variety of different soluble
or insoluble polymers aitd may also include biodegradable
polymers in combination. Alternatively, coated controlled-
release active particles may be incorporated into a readily
soluble film matrix to achieve the controlled—release property
of the active inside the digestive system upon consumption.

Films that provide a controlled-release of the active are
particularly useful for buccal, gingival. sublingual and vagi-
ttal applications. The films o l‘tlie present invention are par-
ticularly useful where mucosa] membranes or mucosa] fluid
is present due to their ability to readily wet and adhere to theseareas.

The convenience of administering a single dose ofa medi-
cation which releases active ingredients in a controlled fash-
ion over an extended period oftinte as opposed to the admin-
istration of a number of single doses at regular intervals has
long been recognized in the pharmaceutical arts. The advan-
tage to the patient and clinician in having consistent and
uniform blood levels of medication over an extended period
of time are likewise recognized. The advantages ofa variety
of sustained release dosage forms are well known. However.
the preparation of a film that provides the controlled-release
of all active has advantages in addition to those well-known
for controlled-release tablets. For example. thin films are
difficult to inadvertently aspirate and provide an increased
patient compliance because they need not be swallowed like
a tablet. Moreover. certain embodiments of the inventive

films are designed to adhere to the buccal cavity and tongue,
where they controllany dissolve. Furthermore. thin films
may not be crushed iii the mantter o fcontrolled release tablets
which is a problem leading to abuse of drugs such as Oxy-
contin.

The actives employed in the present invention may be
incorporated into the film compositions ofthe present inven-
tion in a controlled release form. For example, particles of
drug may be coated with polymers such as ethyl cellulose or
polymetltacrylate. cotninercially available under brand
names such as Aquacoal l'iCD and Eudragit 13-100. respec-
tively. Solutions oi'drug may also be absorbed on such poly-
mer materials and incorporated into the inventive film com—
positions. Other components such as fats and waxes, as well
as sweeteners andi’or flavors may also be employed in such
controlled release compositions.

The actives may be taste-masked prior to incorporation
into the film composition. as set forth in PCT Application No.
PCTEU802132594, titled, Uniform Films For Rapid Dissolve
Dosage Form incorporating Taste—Masking Compositions,
(based on U.S. Provisional Application No. mid-14.276,
Express Mail label No.: ISU552991605 US ofthe same title.
filed Sep. 27. 2003) the entire subject matter of which is
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incorporated by reference herein. 'Easte—masking of actives,
as disclosed therein. is described herein below.
Particle Fomtation

The active agents employed in the present invention are
incorporated into the film compositions ofthe present inven-
tion in a taste-masked or controlled-release form. Taste-

masking is useful to avoid unpleasant taste effects, such as
bitterness. oiten associated with the active agents such as
phamtaceuticals. In this embodiment. particles of drug may
be coated with taste-masking agents. for example polymers.
oils, or waxes. Additionally, organolcptic agents, such as, but
not limited to sweeteners andfor llavors. may also be
employed in web taste-masked compositions. including in
the coating layer of the taste masking agent. in altemative
embodiments. the particle coatings impart controllednrelease.
delayed-release. or sustained-release characteristics, delay-
ing the release of active agent from the particle in the mouth
or gut ofthe consumer.

The taste-masked or controlled-release particles may be
' any useful organoleptic agent. cosmetic agent. pharmaceuti-

cal agent, or combinations thereof.
Useful organoleptic agents include flavors and sweeteners.

Useful cosmetic agents include breath freshcning or decon-
gestant agents. such as menthol. including menthol crystals.

Compositions employing particulate active agents incor-
porated into films with taste-masked coatings are disclosed in
PCT application W0 20031030883. titled “Uniform Films
For Rapid Dissolve Dosage Form Incorporating Taste—Mask—
ing Compositions.” the entire subject matter of which is
incorporated by reference hcrein. As used in this application,
any reference to taste-masking by coating particulate active
agents should also be tmderstood to encompass controlled-
release coatings of particulate active agents.

An important consideration for the lilm based drug deliv-
ery compositions involving a controlled—release or taste—mask
particle technology is that the drug containing particles
remain chemically stable and do not release the active drug
during the mixing and film forming operations of the mantl-
facturing process. Accordingly. with respect to films formed
by a wet casting method. the control led-release or taste-mask
particle compositions should be sufficiently stable in the
mixer prior to the film forming steps, and the casting arid
drying steps. so that the particles remain intact in the finished
product. in the hot melt extrusion film manufacturing process.
tlte particles must be stable in the extrusion apparatus and any
subsequent steps. so that the particles remain intact in the
finished product.

In one embodiment. the taste-masking or controlled-re-
lease agent is a thin film coating over a particulate bioel’fect~
ing agent. Useful coatings in this embodiment include poly—
meric and non~polymeric materials.

Non-limiting examples of polymers include acrylic poly-
mers, cellulosic polymers or vinyl polymers. Non-limiting
examples ofnon-polymeric materials include crown ethers.
fully hydrogenated oils and waxes. Moreover. the taste mask-
ing agents may be water solttble. water insoluble or partially
water soluble.

For example. the coating material may be carboxytnethyl
cellulose; methyl cellulose; ethyl cellulose; hydroxyl methyl
cellulose; hydroxyethyl cellulose: hydroxypropyl cellulose;
hydroxypropylmetltyl cellulose: ltydroxymethylpropyl cellu-
lose: gum arabic: xantlian gum: tragacantli: acacia: carag-
eenan: gttar gum: locust bean gum: pectin: alginates: gelati-
nized. modified or unmodified starch. including tapioca
starch. rice starch, corn starch, potato starch. and wheat
starch; polyvinyl alcohol; polyacrylic acid: polyvinyl pyrroli-
done: poly(mcth)acrylate; poly(meth)copolymers; dextrin;
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dextran: proteins. such as. gelatin. zein. gluten. soy protein.
soy protein isolate. and whey protein: whey protein isolate:
casein: levin; collagen; chitin; chitosin: polydextrose and
combinations thereof.

Useful acrylic polymers include those available under the
trade name iiudragitflii- from Rohm America. l..I.(.‘. such as
methacrylic acid co-polymers sold under the trade names
Eudragit BEE. Eudragit DE». Eudragit RD® and Eudragit 8511-.
and polyethylacrylatomethylmethacrylate sold under the
trade name. Eudragit NE®. Those acrylic polymers are gen-
erally water soluble materials.

Useful ccllulosic polymers include alkylcel luloscs such as
methyl or ethyl cellulose. and llydmxyalkyleclluloses. such
as hydroxylmethyl cellulose. hydroxyethyl cellulose.
hydroxypropyl cellulose. hydroxypropylmethyl cellulose,
hydroxymethylpropy] cellulose. and combinations thereof.
Useful alkylcelluloses include those sold under the trade
names Methocel ETM by Dow Chemicals. Additionally. useful
ethylcelluloses are commercially available commercially
available from FMC Corporation wider brand nameAquacoal
ECD. These polymers are generally water soluble materials.

Moreover, the pharmaceutically active agents may be
sprayed and congealed with fully hydrogenated oils or waxes
considered safe for human consumption and are relatively
stable. Useful. bttt non-limiting. pharmaceutically acceptable
oils include mineral oil. peanut oil. soybean oil. sunl‘loweroil.
corn oil. olive oil. hard palm oil and rapeseed oil.

Furthermore, crown ether compounds. such as cyclodex—
trins. are also useful for coating the phanuaceutically active
agents. The plmnnaceutically active agents are taste masked
with crown others through entrapment or coaccervation meth-
ods. Useful cyclodextrins are commercially available under
the trade name of 'l'rappsoltR'i from CTD, Inc.

In some embodiments. the alhrementioned polymeric
coatings that affect taste masking may be desirable over com~
plexation with ion exchange resins. as has been disclosed in.
for example. European Patent No. EP1267829 Bl . because of
the high drug loadings that are possible with the polymeric
coatings as compared to cornplexation with ion exchange
resins. Despite allegations to the contrary. we have found the
highest useful drug loading on an ion exchange resin is about
30% by weight. By contrast. the particle coating ofthis inven—
tion can be used with 50—95% drug loading. meaning that a
taste-masked particle can contain up to about 95% by weight
active and as little as 5% by weight taste-masking polymer.
This is a substantially greater drug loading than known ion
exchange resins. and very important given the limited size
and weight of a film dosage unit. in which maximizing drug
loading into a ttniform film is an important consideration.

in some embodiments. the taste—masking or control—re—
lease agent may be present in the amount ofabout 5-8092: by
weight of the particle. In another embodiment. the taste-
masking agent is present in the amount of about 5-60% by
weight of the particle. In yet another embodiment. the taste-
masking agent is present in the amount of about 25-35% by
weight of the particle. The precise loading of drug in the
taste—mask coated particle is a function of many parameters.
including the drug. the coating. and airy flavors present in the
particle or the film forming matrix.

Pharmaceutically active agents may be taste-masked with
the above-described taste-masking agents by a variety of
techniques. The techniques coat the pharmaceutical ly active
agents or portions of the phamiaceutically active agents with
taste—masking agents to avoid unpleasant taste effects. such as
bitterness. often associated with the pharmaceutically active
agents or drugs. Usefu] coating techniques include. but are
not limited to. fluidized bed coating. spray congealing coat-
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ing. agglomeration or granulation coating, entrapment coat—
ing. coaccervation coating. infusion coating. spin coating. ion
exchange coating and the like.

The fluidized bed coating method is commonly used in
pharmaceutical industries for taste masking pharmaceuti-
cally active agents. Fluidizcd bed coaters achieve fluidizalion
of the pharmaceutically active agents by introducing a con-
tinuons stream of process gas into a chamber. The coating
material is deposited onto the suspended agent as it passes
through the spray path of the coating material. The coated
agent is dried. A relative low water solubility polymer is
typically used to coat the active particles‘ surface. Minimum
limits on particle sizes are about 100 to 120 microns. Smaller
particle sizes are diificult to achieve due to process limitation
and product loss. Water insoluble pharmaceutical ly active
agents may be suitable coated with water solttble taste rnask-
ing agents with this method.

In the spray congealing method both the pharmaceutically
active agents and the coating materials are sprayed simulta-
neously into a chamber supplied with process gas to create a
uniformly coated active. This method typically involves the
coating of the actives with material that could be melted at
reasonable temperatures. for example fatty materials or poly-
mers such as certain Eudragit-iE polymers. The mix of mate-
rials are sprayed through a fine nozzle and cooled through a
temperature-control air stream or a cold surface. Consider-
ation ofmixture temperature is important. The melting tem-
perature of the coating agent selected should not exceed a
degradation temperature of the pharmaceutically active
agent.

In the agglomeration or granulation method. the pharma-
ceutically active agents are mixed with the taste-masking
agents and a solvent by mechanical means or by spray drying.
The solvent is gradually removed by vacuum or heating. or
both. Particles are then agglomerated. The agglomerated par—
ticles are not typically coated entirely with the taste masking
agent and sortie bittemess may result accordingly. The bitter-
ness. however. may be further reduced by incorporating such
coated particles in the films of the present invention.

In typical entrapment coating methods, certain compounds
having specific properties that can trap phannaceutically
active agents into its molecule cages must first be selected.
Compounds. like certain specifically made starches and
crown ether type molecules. such as cyclodextrins and led"
lites. are useful with this method. The compounds and the
agents are entrapped by ionic attraction. The entrapped agents
are then precipitated from solution.

The coaccenation coating method uses two polymers with
opposite charges in solution. When the solution is neutralized
an insoluble matrix will precipitate from solution and trap the
phamiaceutically active agents therein. Examples include
interactions of gtnn arabic and gelatin solutions and interac-
tions ol‘cyclodextrins and protein solutions.

In the infusion method pharmaceutically active agents and
flavors or sweeteners are dissolved and in fused into a polymer
matrix to form a dry powder. In spin coating methods. phar—
maceutically active agents are combined with sugars or fats
and spun into coated particles. Details of the method are
disclosed in U.S. Pat. No. 5.028.632. the contents ofwhich is

incorporated herein by reference. In ion exchange coating.
ionic bonding of phamiaceutically active agents to ion
exchange resins masks the tastes of the agents.

Extrusion and spheronization methods may also be used
for taste-masking pharmaceutically active particulates.
Ratios of active(s) and polymerts} (such as. starch. cellulose.
gum antifor combinations thereo l) are first mixed and thicken
by adding a small amount ofwater. The thickened mixture is
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then extruded through a single or double nozzle screw. Small
spherical particles are formed by a Mammerizationtli! pro-
cess. Desirable particle sizes are obtained through process
control and particulate sieving.

Lyophiliaation (Freeze-Drying) methods may also be used
with the practice of tlte present invention A combination of
polymer(s) {such as. starch. gum. cellulose andfor combina-
tiotts thereof) with active(s) are mixed and dissolved {or dis-

persed} in aqueous medium. This mixture is then freeze-dried
on a pre-form substrate. Desirable particles sizes can be
obtained by process control attd product sieving.

in sottte instances. taste—masking may amount to the addi~
tion of two components together, neither of wlticlt are par—
ticularly pleasing to the taste. but which. dtte to their chemical
ntakeup. counteract eaclt other or allow for a third substance
or more of one of the substances to be added without a

concomitant reduction in pleasantness of the taste.
The edible water-soluble delivery system of the present

invention liirtlter includes one or more members selected

from antifoaming agents. plasticizing agents. surfactants.
emulsifying agettts. thickening agents. binding agents. cool—
ittg agents. saliva-stimulating agents. sweetening agents.
antimicrobial agents. antigens and combinations thereof.

The particles used itt the present invention desirably have a
particle size of less than about 200 microns and the taste-
masking agent is present in amounts of about 15-80% by
weight ol‘ the particle. A particle size ot'about 150 microns or
less is also useful. Desirably. the particle size ofthe particle is
about 100 microns or less. Desirably. the thickness oftlte film
is less tltan about 380 nticrons. for example. less than about
250 microns. Furthermore. the taste-masking agent may be
present in the amount of about 20-60% by weight of the
particle. Desirably. the taste~masking agent is present itt the
amount of about 25-35% by weight of the particle.

In sortte embodiments. the particulate bioelTecting agent
coated with a taste-masking or controlled-release polymer
may have a particle size ofbetween 50 to 250 microns. Desir-
ably. the size of the combined particulate and taste-masking
agent have a particle size of 150 microns or less. for example
100 tnierons or less. Particle sizes less than 50 microns may
be tutsuitable itt sottte embodiments because it is inefficient to

coat such small particles due to the large surface area.
Particle sizes of greater than 250 microns may be unsuit-

able in some embodiments because the larger particles can
“bridge” during the film forming process. meaning that the
particle can extend from the bottom surface to the top surface
of the film. or even protrude beyond the surface of the film.
Such bridging may cause streaking and non—uniformity ofthe
finished film.Any protruding particles also may be subject to
environmental stresses and premature decompositiort. lead-
ing to non-uniformity of dosing.

Tlte aforementioned particles may be spherical. substan-
tially spherical. or non-spherical. such as irregularly shaped
particles or ellipsoidally shaped particles. Ellipsoidally
shaped particles or ellipsoids are mpecially desirable because
of their ability to maintain uniformity iii the film forming
matrix as they tend to settle to a lesser degree as compared to
spherical particles.

When an active agent is present in the film. the amount of
active per unit area is determined by the unilbmt distribution
oftlte film. Forexantple. when the films are cut into individual
dosage forms, the amount of the active in the dosage form cart
be known with a great deal of accuracy. This is achieved
because the amount of the active in a given area is substan-
tially identical to the amount of active in an area of the sante
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dimensions in attotlterpart ofthe film. The accuracy in dosage
is particularly advantageous when the active is a medicament.
i.e.. a drug.

The tutiformity is determined by the presence of no more
than a i 0% by weight ofdrug variance throughout the matrix.
Desirany. the drug variance is less than 5% by weight. less

than 2% by weight. less than 1% by weight. or less than 0.5%
by weight. Moreover. the particulates ltave a particle size of
200 microns or less. Furthenttore. the filth matrix desirably
has a thickness of less than about 380 microns.

Active Agents
The active components that may be incorporated into the

films of the present invention include. without limitation.
pharmaceutical and cosrttetie actives. drugs. medicaments.
proteins. antigens or allergens such as ragweed pollen.
spores. microorganisms. seeds. mouthwash components. fla-
vors. fragrances. enzymes. preservatives. sweetening agents.
colorants. spices. vitamins and combinations thereof.
Drugs

A wide variety of medicaments. bioaetive active sub—
stances and pharmaceutical compositions may be included irt
the dosage forms oftlte present invention. Examples ofuseful
drugs include ace-inhibitors. antiangina] drugs. anti-arrhyth-
mias. anti-asthmatics. anti-cltolesterolemics. analgesics.
anesthetics. anti-convulsants. anti-depressants. anti-diabetic
agents. anti-diarrhea preparations. antidotes. anti-histamines.
attti-hypertcttSive drugs. anti-inflammatory agents. anti-lipid
agents. anti—manics. anti-natiseants. anti—stroke agents. anti—
thyroid preparations, anti-tumor drugs. anti-viral agents. acne
drugs. alkaloids, amino acid preparations. anti-tussives. airti-
uricernic drugs. anti-viral drttgs. anabolic preparations. sys-
tetnic attd non-systemic anti-infective agents. anti-neoplas-
tics. anti~parkinsonian agents. anti—rheumatic agents. appetite
stimulants. biological msponse modifiers. blood modifiers.
bone metabolism regulators. cardiovascular agents. central
nervous system stimulates. cholincsterase inhibitors. contra-
ceptives, decongestants. dietary supplements. dopamine
receptor agonists. endometriosis management agents.
enzymes. erectile dysfunction therapies. fertility agents. gas-
troitttestinal agents. homeopathic remedies, hormones.
hypercaleemia and hypoealcemia ntartagemettt agents.
inununomodulators. itttntunosuppressives. migraine prepa-
rations. motion sickness treatments. ntuscle relaxants. obe-
sity management agents. osteoporosis preparations. oxyto-
cics. parasympatholytics. parasympathontimetics,
prostaglandins. psychotherapeulic agents. respiratory agents.
sedatives. smokirtg cessation aids. sympatholytics. tremor
preparations. urinary tract agents. vasodilators. laxatives. ant—
acids. ion exchange resins. anti~pyretics. appetite suppres~
sants. expectorants. anti-anxiety agents. anti-ulcer agents,
anti-inllanunatory substances. coronary dilators. cerebral
dilators. peripheral vasodilators. psycho-tropics. stimulants.
anti-hypertensive drugs, vasoconstrictors, migraine treat-
ments. antibiotics. tranquilizers. anti—psychotics. anti—tumor
drugs. anti—coagulants. attti—tltrotnbotic drugs, hypnotics.
anti—emetics. anti—nauseants. anti—convulsants. neuromuscu—
lar drugs. hyper- and hypo-glyccmic agents. thyroid and anti-
tltyroid preparations. diuretics. anti-spasmodics. terine relax-
ants. anti-obesity drugs. erythropoietic drugs. anti-
asthmatics. cough suppressants. mucolytics. DNA and
genetic modifying drugs. and combinations thereof.

Exantples of medicating active ingredients contemplated
for use in the present invention include antacids. Fla-antago-
nists. and analgesics. For example. antacid dosages can be
prepared using the ingredients calcium carbonate alone or itt
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colubination with magnesium hydroxide, andt'or aluminum
hydroxide. Moreover. antacids can be used in combination
with Ila-antagonists.

Analgesics include opiates and opiate derivatives. such as
oxycodone (available as Oxycontintk‘u). ibuprofen. aspirin.
acetaminophen. and combinations thereof that tnay option-
ally include caffeine.

Other preferred drugs for other preferred active ingredients
for use in die present invention include anti-diarrbcals such as
immodium AI). anti-histamines. anti-tussives. deconges-
tants. vitamins, and breath fresheners. Common drugs used
alone or in combination for colds. pain. fever. cough. conges-
tion, runny nose and allergies, such as acetaminophen, chlo-
rpheuiramine maleate. dextromethorphan. pseudoephedrine
HCl and diphenhydramine may be included in the film com—
positions of the present invention.

Also contemplated for use herein are anxiolytics such as
alprazolam (available as XanaxtEE}; anti-psychotics such as
clozopin (available as Cloaariltlil and haloperidol (available
as l-laldolfib): non-steroidal anti-inflammatories (NSAID‘S)
such as dieyciofenacs (available as Voltaren®) and etodolac
(available as LodineIEJ). anti—histamines such as loratadine
(available as ClaritinCIiJ). astemizole (available as l-lisma-
nal'm). nabumetone (available as RelafentE-‘J. and Clcmastine
(available as 'favisttiv); anti-emetics such as granisetron
hydrochloride (available as Kytriliiv) and nabilone (available
as Cesamctm): bronchodilalors such as l3entolin®. albuterol
sulfate (available as ProventilIE); anti—depressants such as
fluoxetine hydrochloride (available as ProzacJK-‘J. sertraline
hydrochloride (available as Zoloftflh). and paroxtine hydro-
chloride (available as Paxilttsi}; anti-migraines such as Imi-
grai'Ei; ACE-inhibitors such as enalaprilat (available as \r’aso-
tect'R't), captopril (available as Capoteirfti') and lisinopril
(available as Zestrililii): anti-Alzheimer‘s agents. such as
nicergoline: and Ca"—antagonists such as nifedipine (avail~
able as Procardiatfii and Adalatflit), and verapamil hydrochlo—
ride (available as Calatttfv).

Erectile dysfunction therapies include. but are not limited
to. drugs for facilitating blood flow to the penis. and for
efl‘ecting autonomic nervous activities. such as increasing
parasympathetic (cholinergic) and decreasing sympathetic
(adrenersic) activities. Useful non—limiting drugs include
sildenafils, such as Viagra'iE. tadalafils. such as Clalisr-E. vard—
enafils. apomorphines. such as Uprima®. yohintbine hydro-
chlorides such as Aphrodyueili. and alprostadils such as
CaverjecttEt.

The popular biz-antagonists which are contemplated for
use in the present invention include cimetidine. ianitidine
hydrochloride. famotidine. nizatidien. ebrotidine. mifenti-
dine. roxatidine. pisatidine and aceroxatidine.

Active antacid ingredients include. but are not limited to,
the following: aluminum hydroxide, dihydmxyaltuninum
aminoacetate, aminoacetic acid. aluminum phosphate. dihy-
droxyaluminum sodium carbonate. bicarbonate. bismuth alu-
minate. bismuth carbonate. bismuth subcarbonate. bismuth

subgallate. bismuth subnitrate. bismuth subsilysilate. cal-
cium carbonate. calcium phosphate. citrate ion (acid or salt).
atuino acetic acid. hydrate magnesium aluminate sulfate.
magaldrate. magnesimn aluminosil icate. magnesium carbon-
ate. magnesium glycinate. magnesium hydroxide. magne-
sium oxide. magnesium trisilicate. milk solids. aluminum
mono-ordibasic calcium phosphate. tricalcium phosphate.
potassium bicarbonate. sodium tanrate. sodium bicarbonate.
magnesium aluminosilicates, tartaric acids and salts.

Anti—inflammatory agents include steroidal anti—inflam—
matory drugs. such as cortisone. triamcinalonc. prcdnisonc.
prednisolone. and the like.
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Other Actives

The pharmaceutically active agents employed in the
present invention may include allergens or antigens. such as.
but not limited to, plant pollens from grasses. trees. or rag-
weed: animal danders. which are tiny scales shed from the
skin and llail'ofcats and other furrcd animals; insects. sttch as
house dust mites. bees. and wasps: and drugs. such as petti—
cillin.

An anti-oxidant may also be added to the film to prevent the
degradation of an active. especially where the active is pho-
tosensitive.

Cosmetic active agents may include breath freshenng
compounds like menthol. other flavors or fragrances. espe-
cially those used for oral hygiene. as well as actives used in
dental and oral cleansing such as quaternary ammonium
bases. The effect of flavors may be enhanced using flavor
enhancers like tartaric acid. citric acid. vanillin. or the like.

Dosages
The film products of the present invention are capable of

' accommodating a wide range ofamounts of the active ingre-
dient. The films are capable ofproviding an accurate dosage
amount (determined by the size ofthe film and concentration
of the active in the original polymertwater combination]
regardless of whether the required dosage is high or
extremely low. Therefore. depending on the type of active or
phanuaceulical composition that is incorporated into the film.
the active amount may be as high as about 300 mg. desirably
up to about 150 mg or as low as the microgram range. or any
amount therebetween.

The film products and methods of the present invention are
well suited for high potency. low dosage drugs. This is accom-
plished through the high degree of uniformity of the films.
Therefore. low dosage drugs. particularly more potent race-
mic mixtures of actives are desirable.
Flavors

Flavors may be chosen from natural and synthetic flavoring
liquids. An illustrative list of such agents includes volatile
oils, synthetic flavor oils. flavoring aromatics. oils. liquids,
oleoresins or extracts derived from plants. leaves, flowers.
fruits. stems and combinations thereof. A non-limiting repre-
sentative list ofexamples includes mint oils. cocoa. and citrus
oils such as lemon, orange. grape. lime and grapefruit and
fruit essences including apple. pear. peach, grape, strawberry.
raspberry. cherry. plum. pineapple. apricot or other fruit fla-vors.

Useliil flavors or flavoring agents include natural and arti-
ficial flavors. These flavorings may be chosen from synthetic
flavor oils and flavoring aromatics. andforoils. oleo resins and
extracts derived from plants. leaves. flowers, fruits and so
forth. and combinations thereof. Non—limiting flavor oils
include: Spearmint oil. cinnamon oil. peppemtint oil. clove
oil. bay oil, thyme oil. cedar leafoil. oil ofnutmeg. oil ofsage.
and oil of bitter almonds. Also useful are artificial. natural or

synthetic fruit flavors such as vanilla. chocolate. coffee. cocoa
and citrus oil. including lemon. orange. grape, lime and
grapefruit. and fruit essences including apple. pear. peach.
strawberry. raspben'y. cherry. plum. pineapple. apricot and
the like. These flavorings can be used individually or in com—
bination. Commonly used flavors include mints such as pep-
permint. artificial vanilla. cinnamon derivatives. and various
fruit flavors. whether employed individually or in combina-
tion. Flavorings such as aldehydes and esters including cin-
namylacetate. citmanmldehyde. citral. diethylacetal, dihy-
drocarvyl acetate. eugenyl formate. p—methylanisole. and the
like may also be used. Further examples of aldehyde flavor—
ings include. bill are not limited to acclaldehyde (apple):
bcnzaldehyde (cherry, almond}; cinnamicaldehyde {cinna-
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mon); citral. i.e._. alpha citral (lemon. lime); neral, i.e. beta
citral (lemon. lime); decanal (orange, lemon); ethyl vanillin
(vanilla. cream); heliotropine, i.e.. piperonal (vanilla; cream);
vanillin (vanilla. cream): alpha-amyl cinnamaldehyde (spicy
fruity flavors): butyraldehyde (butter. cheese): valeraldehyde
(butter. cheese); citronellal (modifies. many types}; decanal
(citrus fruits): aldehyde 08 (citrus fruits); aldehyde C—9 (cit—
rus fruits); aldehyde C-12 (citrus fruits): 2-ethyl butyralde-
hyde (berry fruits): hexenal. i.e. trans-2 (berry fruits): tolyt
aldehyde (cherry. almond); veratraldehyde (vanilla): 12.6-
dimethyl-S-heptenal. i.e. melonal (melon); 2 dimethyloctanal
(green fruit): and 2-dodecenal (citrus. mandarin): cherry:
grape; mixtures thereof; and the like.

Other useful fiavorings include aldehydes and esters such
as benzaldehyde (cherry. ahnond). citral i.e.. alphacitral
(lemon. lime). neral. i.e.. beta-citml (lemon. lime). decanat
(orange. lemon). aldehyde (.‘-8 (citrus fruits). aldehyde C-9
(citrus fruits), aldehyde C-12 (citrus fruits). tolyl aldehyde
(cherry. almond). 2.6-diniethyloctanol (green fruit). and
2-dodecenal (citrus. mandarin). combinations thereofand the
like.

The amount of flavoring employed is normally a matter of
preference; subject to such factors as flavor type; individual
flavor. and strength desired. The amount may be varied in
order to obtain the result desired in the final product. Such
variations are within the capabilities ofthose skilled in the art
without the need for undue experimentation. In general.
amounts of about 0.1 to about 30 wt % are useful with the

practice of the present invention.
Sweeteners

Suitable sweeteners include both natural and artificial

sweeteners. Non-limiting examples of suitable sweeteners
include. e.g.:

water-soluble sweetening agents such as monosaccha-
rides. disaccharides and polysaccharides such as xylose.
ribose. glucose (dextrose). mannose. galactose. fructose (le-
vulose). sucrose (sugar). high fructose corn syrup. maltose.
invert sugar (a mixture of fructose and glucose derived from
sucrose). partially hydrolde starch. corn syrup solids. and
dihydrochalcones:

water-soluble artificial sweeteners such as the soluble sac-

charin salts. i.e.. sodium or calcium saccharin salts. cyclamate
salts. the sodium. ammonium or calcitun salt of3.4—dihydro—
6-methyl‘l.2.3-oxathiazine—4-one-2.2ndioxide. the potas-
sium salt of 3,4-dihydro-6-methyl-l.2,3-oxathiazine-4-one-
2.2-dioxide (acesutfame-K). the free acid fomt of saccharin
and the like:

dipeptide based sweeteners. such as [.-aspartic acid
derived sweeteners. such as Lwaspartyl—vahenylalamne
methyl ester (aspartame). L—alpha—aspartyl—N—(2.2.4,4—tet—
ramethyl—3 -thietanyl)—D»alaninamide hydrate. methyl esters
of L-aspartyl-l's-phenylglycerin and L-aspartyl-L-2.5_.dihy-
drophenylglycine. L-aspartyl-Z,5-dihydro-L-phenylalanine.
l. .-aspartyl-L-(l cycloltexyenl-alanine. and the like:

water-soluble sweeteners derived from naturally occurring
water—soluble sweeteners. such as a chlorinated derivatives of

ordinary sugar (sucrose). known, for example. as sucralose;
and

protein based sweeteners such as thaurnatoccous danielli
(Thaurnatin I and Il).

naturally occurring high intensity sweeteners. such as to
Halt Kuo. stevia. steviosides. monellin. and glycyrrhizin.

in general. an effective amount of auxiliary sweetener is
utilized to provide the level of sweetness desired for a par—
ticular composition. and this amount will vary with the sweet—
ener selected. This amount will normally be 0.01% to about
10% by weight of the composition. These amounts may be
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used to achieve a desired level ofsweetness independent from
the llavor level achieved from any optional flavor oils used. Of
course. sweeteners need not be added to films intended for
non-oral administration.
Colors

Color additives useful in this invention include food. drug
and cosmetic colors (1"1362C). drug and cosmetic colors
(D&C)._ or external drug and cosmetic colors (Ext. D&C).
These colors are dyes. their corresponding lakes. and certain
natural and derived colorants. Lakes are dyes absorbed on
aluminum hydroxide.

Other examples of coloring agents include known azo
dyes. organic or inorganic pigments. or coloring agents of
natural origin. Inorganic pigments are preferred. such as the
oxides or iron or titanium. these oxides. being added in con-
centrations ranging from about 0.001 to about 10%, and pref-
erably about 0.5 to about 3%. based on the weight ofall the
components.

' l-‘ilm Forming Processes
The films of the present invention may be formed by sev—

eral different techniques known in the art offorming films. for
example. wet casting. or hot melt extrusion methods.

Desirably. the thickness of the film is less than about 380
microns. for example. less than about 250 microns.
Wet-Cast Films

In the wet casting processes, the films may have a non-self-
aggregating uniform heterogeneity ofthe components within
them by utilizing a selected casting, deposition. or extrusion
film forming method and a controlled drying process.
Examples ofcontrolled drying processes include. but are not
limited to. the use ofthe apparatus disclosed in U. S. Pat. No.
4.631.837 to Magoon (“Magoon”). herein incorporated by
reference. as well as hot air impingement across the bottom
Substrate and bottom heating plates. Another drying tech-
nique for obtaining the films of the present invention is con-
trolled radiation drying. in the absence of uncontmlled air
currents. such as infrared and radio frequency radiation (Le.
microwaves).

The objective of the drying process is to provide a method
of drying the films that avoids complications. such as the
noted “rippling” effect. that are associated with conventional
drying methods and which initially dry the upper surface of
the film. trapping moisture inside. In conventional oven dry-
ing methods. as the moisture trapped inside subsequently
evaporates. the top surface is altered by being ripped open and
then reformed. These complications are avoided by the
present invention. and a uniform film is provided by drying
the bottom surface of the film first or otherwise preventing the
formation ofpolymer film formation (skin) on the top surface
of the film prior to drying the depth of the film. This may be
achieved by applying heat to the bottom surface of the film
with substantially no top air flow. or alternatively by the
introduction 0 fcontrolled microwaves to evaporate the water
or other polar solvent within the film. again with substantially
no top air flow. Yet alternatively. drying may be achieved by
using balanced fluid flow. such as balanced air flow. where the
bottom and top air flows are controlled to provide a uniform
film. In such a case. the air flow directed at the top of the film
should not create a condition which would cause movement

ofparticles present in the wet film. due to forces generated by
the air currents. Additionally. air currents directed at the bot-
tom of the film should desirably be controlled such that the
film does not lift up due to forces from the air. Uncontrolled
air currents. either above or below the film. can create non-
uniformity in the final film products. The humidity level ofthe
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area surrounding the top surface may also be appropriately
adjusted to prevent premature closure or skinning of the poly-
mer surface.

This mzuuter of drying the films provides several advan-
tages. Among these are the faster drying times and a more
uniform surface of the film. as well as uniform distribution of

components for any given area in the film. In addition, the
faster drying time allows viscosity to quickly build within the
film. further encouraging a uniform distribution ofcompo-
nents and decrease in aggregation ofcomponents in the final
film product. Desirably. the drying of the film will occur
within about ten minutes or fewer. or more desirably within
about five minutes or fewer.

The present invention yields cheptionally uniform film
products when attention is paid to reducing the aggregation of
the compositional components. By avoiding the introduction
ofand eliminating excessive air in the mixing process, select-
ing polymers and solvents to provide a controllable viscosity
and by drying the film in a rapid manner limit the bottom up.
such films result.

The products and processes ofthe present invention rely on
the interaction among various steps of the production of the
films in order to provide films that substantially reduce the
self-aggregation of the components within the films. Specifi-
cally. these steps include the particular method used to form
the lilin. making the composition mixture to prevent air
bubble inclusions, controlling the viscosity of the film form-
ing composition and the method of drying the film. More
particularly, a greater viscosity ofcomponents in the mixture
is particularly useful when the active is not soluble in the
selected polar solvent in order to prevent the active from
settling out. However. the viscosity must not be too great as to
hinder or prevent the chosen method ofcasting. which desir-
ably includes reverse roll coating due to its ability to provide
a film of substantially consistent thickness.

in addition to the viscosity of the film or film—forming
components or matrix. there are other considerations taken
into account by the present invention for achieving desirable
film uniformity. For example. stable suspensions are achieved
which prevent solid (such as drug particles) sedimentation in
non-colloidal applications. One approach provided by the
present invention is to balance the density of the particulate

(pp) and the lith id phase (in) and increase the viscosity ofthe
liquid phase (it). For an isolated particle. Stokes law relates
the terminal settling velocity (Yo) ofa rigid spherical body of
radius (r) in a viscous fluid. as follows:

t’o=t2sr’itpp—pi!’9s

At high particle concentrations. however. the local particle
concentration will affect the local viscosity and density. The
viscosity of the suspension is a strong function of solids
volume fraction. and particle-particle and particle-liquid
interactions will further hinder settling velocity.

Stoltian analyses have shown that the incorporation of a
third phase. dispersed air or nitrogen. for example. promotes
suspension stability. 1“ ttrther, increasing the number of par-
ticles leads to a hindered settling effect based on the solids
volume fraction. In dilute particle suspensions, the rate of
sedimentation. v. can be expressed as:

rrt’f! -’t I +x¢l

where K-==a constant. and q: is the volume fraction of the
dispersed phase. More particles suspended in the liquid phase
results in decreased velocity. Particle geometry is also an
important factor since the particle dimensions will affect par-
ticle-particle flow interactions.
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Similarly. the viscosity of the suspension is dependent on
the volume fraction of dispersed solids. For dilute suspen-
sions ofnon-interaction spherical particles. an expression for
the suspension viscosity can be expressed as:

it-‘pfi l +2.5?

where it” is the viscosity of the continuous phase and q: is the
solids volume fraction. At higher volume fractions. the vis-
cosity of the dispersion can be expressed as

|.L-']J°=1+2.5¢+C1¢2+C2¢'l+ . . .

where (T is a constant.

The viscosity of the liquid phase is critical and is desirably
modified by customizing the liquid composition to a vis—
coelastic non—Newtonian fluid with low yield stress values.
This is the equivalent of producing a high viscosity continu-
ous phase at rest. Formation of a viscoelastic or a highly
structured fluid phase provides additional resistive forces to
particle sedimentation. Further. flocculation or aggregation

' can be controlled minimizing particle-particle interactions.
The net effect would be the preservation of a homogeneous
dispersed phase.

The addition of ltydrocolloids to the aqueous phase of the
suspension increases viscosity, may produce viscoelasticity
and can impart stability depending on the type of hydrocol-
loid. its concentration and the particle composition. geom-
etry. size. and volume fraction. The particle size distribution
ofthe dispersed phase needs to be controlled by selecting the
smallest realistic particle size in the high viscosity medium.
i.e._. (500 tun. The presence of a slight yield stress or elastic
body at low shear rates may also induce permanent stability
regardless of the apparent viscosity. The critical particle
diameter can be calculated from the yield stress values. In the
case of isolated spherical particles. the maximum shear stress
developed in settling through a medium ofgiven viscosity can
be given as

'rmffi Vii-‘2:-

For pseudoplastic fluids. the viscosity in this shear stress
regime may well be the zero shear rate viscosity at the New-
tonian plateau.

A stable suspension is an important characteristic for the
manufacture ofa pre—mix composition which is to be fed into
the film casting machinery film. as well as the maintenance of
this stability in the wet film stage ttntil sufficient drying has
occurred to lock-in the particles and matrix into a sutficiently
solid form such that uniformity is maintained. For viscoelas-
tic fluid systems. a rheology that yields stable suspensions for
extended time period. such as 24 hours. must be balanced
with the requirements of high—speed film casting operations.
A desirable property for the films is shear thimting or pseudo"
plasticity. whereby the viscosity decreases with increasing
shear rate. 'l‘ime dependent shear effects such as thixotropy
are also advantageous. Structural recovery and shear thinning
behavior are important properties, as is the ability for the film
to self—level as it is formed.

The rheology requirements for the inventive compositions
and films are quite severe. This is due to the need to prodtioe
a stable suspension of particles. for example 30-60 wt %. in a
viscoelastic fluid matrix with acceptable viscosity values
throughout a broad shear rate range. During mixing. pump-
ing. and film casting. shear rates in the range of 10-105 sec."
may be experienced and pseudoplasticity is the preferred
embodiment.

In film casting or coating. rheology is also a defining factor
with respect to the ability to form films with the desired
uniformity. Shear viscosity. extensional viscosity. viscoelas-
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ticity. structural recovery will influence the quality ofthe film.
As an illustrative example. the leveling of shear-thinning
psctldoplastic fluids has been derived as

m—il'n! 
j"— l'I"'—t tn— 1 J.-'t 2n— 1 J}

[Til-K} I -"n( 39+ n rake:- +1 y'ur

El.

where o. is the surface wave amplitude. Ota is the initial ampli—
tttde. it. is the wavelength of the surface rougImess. and both
"11" and “K” are viscosity power law indices. In this example.
leveling behavior is related to viscosity. increasing as 11
decreases. and decreasing with increasing K.

Desirably. the films or film-forming compositions of the
present invention have a very rapid structural recovery. i.c. as
the film is formed during processing, it doesn’t fall apart or
become discontinuotts in its structure and compositional titli-
l'ormity. Such very rapid structural recovery retards particle
settling and sedimentation. Moreover. the films or film-form-
ing compositions of the present invention are desirably shear-
thinning pseudoplastic fluids. Such liuids with consideration
of properties. such as viscosity and elasticity, promote thin
fihn formation and uniformity.
Wet—Cast Film Forming Methods

‘lhe film products are generally fomted by combining a
properly selected polymer and polar solvent. as well as any
active ingredient or filler as desired. Desirably. the solvent
content ofthe combination is at least about 30% by weight of
the total combination. The matrix formed by this combination
is formed into a film, desirably by roll coating, and then dried.
desirably by a rapid and controlled drying process to maintain
the uniformity of the film, more specifically, a non-self-ag-
gregating uniform heterogeneity. The resulting film will
desirably contain less than about 10% by weight solvent.
more desirably less than about 8% by weight solvent. even
more desirably less than about 6% by weight solvent and most
desirably less than about 2%. The solvent may be water. a
polar organic solvent including. but not limited to. ethanol.
isopropanol, acetone. methylene chloride. or any combina-
tion thereof.

When the matrix is formed including the film-forming
polymer and polar solvent in addition to any additives and the
active ingredient. this may be done in a ntunber of steps. For
example. the ingredients may all be added together or a pre—
mix may be prepared. The advantage of a pre—mix is that all
ingredients except for the active may be combined in
advance. with the active addedjust prior to formation of the
film. This is especially important for actives that may degrade
with prolonged exposure to water, air or another polar sol-
vent.

FIG. 6 shows an apparatus 20 suitable forthe preparation of
a pre—mix. addition ofan active and subsequent formation of
a film. The pro-mix or master batch 22. which includes the
film-forming polymer. polar solvent. and any other additives
except a drug active is added to the master batch feed tank 24.
The components liar pre-mix or master batch 22 are desirably
formed in a mixer (not shown} prior to their addition into the
master batch feed tank 24. Then a pie—determined amount of
the master batch is controllably fed via a first metering pump
26 and control valve 28 to either or both ofthe first and second

mixers, 3t). 30'. The present invention, however. is not limited
to the use of two mixers. 30. 30'. and any number of mixers
may suitably be used. Moreover. the present invention is not
limited to any particular sequencing of the mixers 30. 30'.
such as parallel sequencing as depicted in FIG. 6. and other
sequencing or arrangements ofmixers. such as series or com—
bination of parallel and series. may suitably be used. The
required amount of the drug or other ingredient. such as a
flavor. is added to the desired mixer through an opening. 32.
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32', in each of the mixers. 30. 30'. Desirably. the residence
time of the pre-mix or master batch 22 is minimized in the
mixers 30. 30'. While complete dispersion ofthe drug into the
pre-mix or master batch 22 is desirable, excessive residence
times may result in leaching or dissolving of the drug. espe-
cially in the case for a soluble drug. Thus. the miXers 30. 30'
are often smaller. i.e. lower residence times. as compared to
the primary mixers (not shown) used in forming the pre-mix
or master batch 22. Alter the drug has been blended with the
master batch pre-mix for a sufficient time to provide a uni-
form matrix. a specific amount of the uniform matrix is then
fed to the pan 36 through the second metering pumps. 34, 34'.
The metering roller 38 determines the thickness of the film 42
and applies it to the application roller. The film 42 is finally
formed on the substrate 44 and carried away via the support
roller 46.

The films ofthe present invention must be formed into a
sheet prior to drying. Alter the desired components are com-

' bined to form a multi-component matrix. including the poly-
mer. water, and an active or other components as desired. the
combination is formed into a sheet or film. by any method
known in the art such as extrusion. coating. spreading. casting
or drawing the multi-eomponent matrix. If a multi-layered
film is desired. this may be accomplished by co-extruding
more than one combination of components which may be of
the same or different composition. A multi-layered film may
also be achieved by coating. spreading. or casting a combi—
nation onto an already formed film layer.

Although a variety of different film-forming techniques
may be used. it is desirable to select a method that will provide
a flexible film. such as reverse roll coating. The flexibility of
the film allows for the sheets of film to be rolled and trans-

ported for storage or prior to being cut into individual dosage
forms. Desirably. the films will also be self—supporting or in
other words able to maintain their integrity and structure in
the absence ofa separate support. Furthermore. the films of
the present invention may be selected of materials that are
edible or ingestible.

Coating or casting methods are particularly useful for the
purpose o f forming the films ofthe present invention. Specific
examples include reverse roll coating. gravure coating.
immersion or dip coating. metering rod or meyer bar coating.
slot die or extrusion coating. gap or knife over roll coating. air
knife coating. curtain coating. or combinations thereof. espe-
cially when a multi-layered film is desired.

Roll coating. or more specifically reverse roll coating. is
useful for forming films in accordance with the present inven-
tion. This procedure provides excellent control and unifon
mity of the resulting films. which is desired in the present
invention. In this procedure. the coating material is measured
onto the applicator roller 40 [see FIG. 6) by the precision
setting of the gap between the upper metering roller 38 and
the applicator roller. The coating is transferred from the appli-
cator roller to the substrate 44 as it passes around the support
roller 46 adjacent to the application roller. Both three roll and
four roll processes are common.

The gravure coating process relies on an engraved roller
running in a coating bath. which fills the engraved dots or
lines of the roller with the coating material. The excess coat-
ing on the roller is wiped oll'by a doctor blade and the coating
is then deposited onto the substrate as it passes between the
engmved roller and a pressure roller.

Offset Gravure is common. where the coating is deposited
on an intemiediate roller before transfer to the substrate.

In the simple process of immersion or dip coating. the
substrate is dipped into a bath of the coating. which is nor-
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mally ofa low viscosity to enable tlte coatittg to run back into
tlte bath as the substrate emerges.

[n tlte metering rod coating process. an excess of tlte coat-
ing is deposited onto tlte substrate as it passes over the bath
roller. The wire-wound metering rod. sometimes known as a
Meyer Bar. allows the desired quantity of the coating to
remain on the substrate. The quantity is determined by the
diameter of the wire used on the rod.

A number of techniques ntay be employed in the ntixing
stage to prevent bubble inclusions in the fntal film. To provide
a composition mixture with substantially no air bttbble for-
mation in the final product. anti-foaming or surface-tension
reducing agents are employed. Additionally, the speed of the
mixture is desirably controlled to prevent cavitation of the
mixture itt a tttanner which pulls air into the mix. Finally. air
bttbble reduction can further be achieved by allowing the ntix
to stand for a sufficient tinte for bubbles to escape prior to
drying the film. Desirably. the inventive process first forms a
masterbatclt of lilm-l‘onuing components without active
ingredients such as drug particles or volatile materials such as
flavor oils. The actives are added to smaller mixes of the

masterbatchjust prior to casting. Thus. the masterbatclt pre»
mix can be allowed to stand for a longer time witltout concern
for instability in drug or other ingredients.

The particles of the present invention may be added to the
film-forming composition or matrix after the composition or
matrix is cast ittto a film. For example. particles may be added
to the film prior to the drying of the film. Particles may be
controllany metered to the film and disposed onto the film
dtrouglt a suitable technique. such as through the use of a
doctor blade (not shown) which is a device which marginally
or softly toucltes the surface of the film aitd controllany
disposes the particles onto the film surface. Other suitable. but
non-limiting. techniques include the Use of an additional
roller to place the particles on the film surface, spraying the
particles onto the film surface. and the like. The particles may
be placed on either or both of the opposed film surfaces, i.e..
the top andr‘or bottom filnt surfaces. Desirably. the particles
are securably disposed onto the film. such as being embedded
into the film. Moreover. such panicles are desirably not liJlly
encased or fully embedded into the film. but remain exposed
to the surface of the film. such as in the case wltere the

particles are partially embedded or partially encased.
Monitoring attd control of the thickness of the film also

contributes to the production ofa uniform film by providing a
film of uniform thickness. The thickness of the film may be
monitored with gauges such as Beta Ganges. A gauge may be
coupled to another gauge at the end of the drying apparatus.
i.e. drying oven or tumtel. to coimttunicate through feedback
loops to control and adjust the opening in the coating appa—
ratus. resulting itt control of uniform film thickness.

The gap or knife over roll process relies on a coating being
applied to the substrate which then passes through a "gap"
between a “knife” and a suppon roller. As the coating and
substrate pass through. the excess is scraped off.

Air knife coating is where the coating is applied to the
substrate and the excess is “blown off“ by a powerful jet from
the air knife. This procedure is useful for aqueous coatings.

[[1 the curtain coating process, a batlt with a slot in the base
allows a continuous curtain of the coating to fall into the gap
between two conveyors. The object to be coated is passed
along the conveyor at a controlled speed and so receives the
coating on its upper face.
Anti—Foaming attd De—Foanting Compositions

Anti—foaming andfor de—foaming components may also be
used with the films of the present invention. These compo-
nents aid in the removal ofair, such as entrapped air. front the
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film-forming ootttpositiotts. As described above. such
entrapped air may lead to non-uniform films. Simethicone is
one particularly useful anti-foaming andr’or de-t'oanting
agent. The present invention. however. is not so limited and
other anti-foam andr‘ur de-loaming agents may suitable be
used.

Simethicone is generally used in the tttedical field as a
treatment for gas or colic itt babies. Simetlticoue is a mixture
of litlly methylated linear siloxane polymers containing
repeating units of polydimethylsiloxane which is stabilized
with trimetltylsiloxy end-blocking unites. attd silicon diox-
ide. It usually contains 90.5-99% polymetltylsiloxatte and
43% silicon dioxide. The mixture is a gray, translucent.
viscous fluid which is insoluble in water.

When dispersed in water. sintetltiootte will spread across
the surface. forming a thin film of low surface tension. In this
way. simethicone reduces the surface tension of bubbles air
located in the solution. such as foam bubbles. causing their
collapse. The function of simethicone mimics the dual action

' of oil and alcohol in water. For example, in an oily solution
any trapped air bubbles will ascend to the surface and dissi—
pate more quickly and easily. because an oily liquid ltas a
lighter density compared to a water solution. On the other
hand. an alcoltoli’water mixture is known to lower water den-
sity as well as lower the water‘s surface tension. So. any air
bubbles trapped inside this mixture solution will also be eas-
ily dissipated. Simethicoue solution provides both of these
advantages. It lowers the surface energy of any air bubbles
that trapped inside the aqueous solution. as well as lowering
the surface tension of the aqueous solution. As the result of
this unique ftutctionality. sintetlticone ltas an excellent anti-
l’oaming property that can be used for physiological processes
[anti-gas in stomach] as well as any for external processes that
require the removal ofair bubbles from a product.

In order to prevent the formation of'air bubbles itt the films
of the present invention. the mixing step catt be performed
under vacuum. However. as soon as the mixing step is com-
pleted. and the film solution is retumed to the normal atmo-
sphere condition. air will be re-introduced iitto or contacted
with the mixture. In tttatty cases. tiny air bubbles will be again
trapped inside this polymeric viscous solution. 'Ihe incorpo-
ration of simethicone into the filnt~forming composition
either substantially reduces or eliminates the formation ofair
bubbles.

Simethicoue may be added to the lihtt-fomting mixture as
an anti-foaming agent in an amount from about 0.01 weight
percent to about 5.0 weight percent. more desirably from
about 0.05 weight percent to about 2.5 weight percent. and
most desirably from about 0.1 weigltt percent to about 1.0
weight percent.
Drying Wet Cast Films

The wet film may be dried using controlled bottom drying
or controlled nticrowave drying. desirably in the absence of
extental aircurrents or heat on the top (exposed) surface ofthe
film 48 {see FIG. 6). Controlled bottom drying or controlled
microwave drying advantageously allows for vapor release
front tlte film without the disadvantages oftlte prior art. Con—
ventional convection air drying from the top is not etttployed
because it initiates drying at the top uppermost portion ofthe
film, thereby forming a barrier against flttid flow. such as the
evaporative vapors. and thermal How. such as the tltemtal
energy for drying. Such dried upper portions serve as a barrier
to fitrther vapor release as the portions beneath are dried.
which results in nott—uttiform films. As previously mentioned
sonte top air flow catt be used to aid tlte drying of the films of
the present invention. but it must not create a condition that
would cause particle movement or a rippling effect in the film.
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both of which would result in non-turilortnity. If top air is
employed. it is balanced with the bottom air drying to avoid
non-unifonnity and prevent film lift-up on the carrier belt. A
balance top and bottom air flow may be suitable where the
bottom air flow functions as the major source of drying and
the top air [low is the minor source ofdrying. The advantage
of some top air flow is to move the exiting vapors away from
the film thereby aiding in the overall drying process. The use
ofany top air flow or top drying. however. mttst be balanced
by a number of factors including. but not limited. to rheologi-
cal properties of the composition and mechanical aspects of
the processing. Arty top fluid flow. such as air. also must not
overcome the inherent viscosity of the film-forming compo-
sition. In other words. the top air flow cannot break, distort or
otherwise physically disturb the surface of the composition.
Moreover. air velocities are desirably below the yield valttes
of the film. i.e.. below any force level that can move the
liquids in the film-fonning compositions. For thin or low
viscosity compositions. low air velocity must be used. For
thick or high viscosity compositions. higher air velocities
may be used. Furthermore, air velocities are desirable low so
as to avoid arty lifting or other movetnetrt of the film fortned
from the compositions.

The films of the present invention may contain particles
that are sensitive to temperature. such as flavors. which may
be volatile. or drugs. proteins. or antigens, which may have a
low degradation temperature. In such cases. the drying tem-
perature may be decreased while increasing the drying time to
adequately dry the unifonn films of the present invention.
Ii'urthermore. bottom drying also tends to result in a lower
internal film temperature as compared to top drying. In bot-
tom drying, the evaporating vapors more readily carry heat
away from the film as compared to top drying which lowers
the internal lilm temperature. Such lower internal film tem-
peratures often result in decreased drug degradation and
decreased loss of certain volatiles. sttch as flavors.

In alternative embodiments. it may be desirable to dry films
at high temperatures. [-ligh heat drying produces uniform
films. and leads to greater efficiencies in film production.
F ilnts containing sensitive active components, however. may
lace degradation problems at high temperatures. Degradation
is the “decomposition of a compound . . . exhibiting well—
defined intermediate products." The American Heritage Dic—
tionary of the English Language (4” ed. 2000). Degradation
of an active component is typically ttndesirable as it may
cause instability. inactivity. andr‘or decreased potency of the
active component. For instance. if the active component is a
drug or bioactive material. this may adversely affect the
safety or efficacy of the final phamtaceutical product. Addiv
tionally. highly volatile materials will tend to be quickly
released from this film upon exposure to conventional drying
methods.

Degradation of an active component may occur through a
variety ofprocesses. such as. hydrolysis. oxidation. and light
degradation, depending upon the particular active compo-
nent. Moreover. temperature has a significant effect on the
rate of such reactions. The rate of degradation typically
doubles for every 10° C. increase in temperature. Therefore,
it is commonly understood that exposing an active component
to high temperatures will initiate andfor accelerate undesir-
able degradation reactions.

Proteins are one category of useful active ingredients that
will degrade. denature. or otherwise become inactive when
they are exposed to high temperatures for extended periods of
time. Proteins serve a variety offunctions in the body such as
ctuymes. structural elements. hormones and immtmoglobtl-
lins. Examples of proteins include enzymes such as pancre-
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atin, trypsin, pancrelipase. chymotrypsin. hyaluronidase.
sutilains. streptokinaw. urokinase. altiplase. papain. brome-
lainsdiastase. structural elements such as collagen and albu-
min, hormones such as thyroliberin. goimdoliberin. adreno-
corticottmpin. corticotrophin. cosyntropin, sometrem,
somatropion, prolactin. thyrotropin, somatoslatin. vaso-

pressin. felypressin. lypressitt. insulin. glucagons. gastrin.
pcntagastrin, secretin. cholecystokinin-pancreozymin, and
immunomodulators which may include polysaccharides in
addition to glycoproteins including cytokines which are use-
fitl for the inhibition and prevention ofmalignant cell growth
such as tumor growth. A suitable method for the production of
some useful glycoproteins is disclosed in US. Pat. No. 6,281,
337 to Cannon-Carlson. et al .. which in incorporated herein in
its entirety.

'I‘emperatures that approach 100“ C. will generally cause
degradation of proteins as well as nucleic acids. For example
some glycoproteins will degrade ifexposed to a temperature

' of 70° (7. for thirty minutes. Proteins from bovine extract are
also known to degrade at such low temperatures. DNA also
begins to denature at this temperature.

Applicants have discovered. however. that the films of the
present invention may be exposed to high temperatures dur-
ing the drying process without concem for degradation. loss
ol'activity or excessive evaporation due to the inventive pro-
Cess for film preparation and forming. In particular. the films
may be exposed to temperatures that would typically lead to
degradation. denaturization. or inactivity of the active com-
ponent. without causing such problems. According to the
present invention. the manner ol'drying may be controlled to
prevent deleterious levels of heat from reaching the active
component.

As discussed herein. the llowable mixture is prepared to be
unifonn in content in accordance with the teachings ofthe
present invention. Unifonnity trrust be maintained as the
fiowable mass was formed into a film and dried. During the
drying process ofthe present invention. several factors pro-
duce uniformity within the film while maintaining the active
component at a safe temperature, i.e.. below its degradation
temperature. First. the films of the present invention have an
extretnely short heat history. usually only on the order of
minutes, so that total temperature exposure is minimized to
the extent possible. The films are controllably dried to prevent
aggregation and migration ofcomponents. as well as prevent-
ing heat build up within. Desirably. the films are dried from
the bottom. Controlled bottom drying, as described herein.
prevents the formation ol‘a polymer film. or skin. on the top
surface of the fihn. As heat is conducted from the film bottom

upward, liquid carrier, e.g._. water. rises to the film surface.
The absence ofa surface skirt permits rapid evaporation ofthe
liquid carrier as the temperature increases, and thus. concur-
rent evaporative cooling of the film. Due to the short heat
exposure and evaporative cooling. the film cotnponents such
as drag or volatile actives remain unalfected by high tempera-
tttres. In contrast. skinning on the top surface traps liquid
carrier molecules ofincreased energy within the film, thereby
causing the temperature within the filtn to rise and exposing
active components to high. potentially deleterious tempera-
tures.

Second. thermal mixing occurs within the film due to hot-
totn ltcating and absence ofsurface skinning. Thermal mixing
occurs via convection currents in the film. As heat is applied
to the bottom ofthe film. the liquid near the bottom increases
in temperature. expands, and becomes less dense. As such,
this hotter liquid rises and cooler liquid takes its place. While
rising. the hotter liquid mixes with the cooler liquid and
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shares thermal energy with it. i.e._. transfers heat. As the cycle
repeats. thermal energy is spread throughout the film.

Robust thermal mixing achieved by the controlled drying
process of the present invention produces unifomt heat dif-
fusion throughout the film. In the absence of such thermal
mixing, “hot spots“ may develop. Pockets ofheat in the film
result in the limitation of particle aggregates or danger areas
within the film and subsequent non—uniformity. The fonna-
tion of such aggregates or agglomerations is undesirable
because it leads to non-uniform films in which the active may
be randomly distributed. Such uneven distribution may lead
to large differences in the amount ofactive per film. which is
problematic from a safety and efficacy perspective.

Furthermore. thermal mixing helps to maintain a lower
overall temperature inside the film. Although the film surn
faces may be exposed to a temperature above that at which the
active component degrades. the film interior may not reach
this temperature. Due to this temperature difiertential, the
active does not degrade.

For instance. the films of the present invention desirably
are dried for 10 minutes or less. Drying the films at 80“ C. for
10 minutes produces a temperature difi'erential of about 5° C .
This means that after 10 ntinutes ofdrying, the temperature of
the inside of the film is 5° C. less than the outside exposure
temperature. In many cases, however, drying times of less
than 10 minutes are suflicient. such as 4 to 6 minutes. Drying
for 4 minutes may be accompanied by a temperature differ-
ential of about 30° C ., and drying for 6 minutes may be
accompanied by a differential of about 25° C. Due to such
large temperature dilferentials, the films may be dried at
efficient. high temperatures without causing heat sensitive
actives to degrade.

Although the inventive process is not limited to any par-
ticular apparatus for the above-described desirable drying.
one particular useful drying apparatus 50 is depicted in FIG.
7. Drying apparatus 50 is a nozzle arrangement for directing
hot fluid. such as but not Iirnited to hot air. towards the bottom

ofthe film 42 which is disposed on substrate 44. Hot air enters
the entrance end 52 of the drying apparatus and travels verti-
cally upward. as depicted by vectors 54. towards air deflector
56. The air deflector 56 redirects the air movement to mini-

mize upward force on the film 42. As depicted in FIG. 7. the
air is tangentially directed. as indicated by vectors 60 and 60',
as the air passes by air deflector 56 and enters and travels
through chamber portions 58 and 58' of the drying apparatus
50. With the hot air flow being substantially tangential to the
film 42. lifting of the film as it is being dried is thereby
minimized. While the air deflector 56 is depicted as a roller.
other devices and geometries for deflecting air or hot fluid
may suitable be used. Furthermore, the exit ends 62 and 62' of
the drying apparatus 50 are flared downwardly. Such down-
ward flaring provides a downward force or downward veloc-
ity vector. as indicated by vectors 64 and 64'. which tend to
providea pulling or drag eli'ect ofthe film 42 to prevent lilting
ofthe film 42. Lifting ofthe film 42 may ttot only result in
non—unifonnity in the film or otherwise. bttt may also result in
non—controlled processing of the film 42 as the film 42 andfor
substrate 44 lift away from the processing equipment.

FIG. 8 is a sequential representation of the drying process
of the present invention. After mechanical mixing, the film
ntay be placed on a conveyor for continued thermal mixing
durittg the drying process. At the outset of the drying process,
depicted in Section A, the film 1 preferably is heated from the
bottom 10 as it is travels via conveyor (not shown}. l-leat may
be supplied to the film by a heating mechanism, such as. but
not limited to. the dryer depicted in FIG. 7. As the film is
heated, the liquid carrier, or volatile (“V”). begins to evapo-
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rate, as shoer by upward arrow 50. Thermal mixing also
initiates as hotter liquid. depicted by arrow 30, rises and
cooler liquid, depicted by arrow 40. takes its place. Because
no skin forms on the top surface 20 of the film 1. as shown in
Section B tlte volatile liquid continues to evaporate 50 and
thermal mixing 30M“ continues to distribute thermal energy
throughout the film. Once a sulficient amount of the volatile
liquid has evaporated. thermal mixing has produced uniform
heat diffusion throughout the film 1. The resttlting dried flint
1 is a visco-elastic solid. as depicted in Section C. The com-
ponents desirably are locked into a uniform distribution
throughout the film. Although minor amounts of liquid car-
rier. i.e., water, may remain subsequent to formation of the
visco—elastic. the film may be dried further without movement
ofthe particles. if desired.

In one embodiment, a specific example of an appropriate
drying method is that disclosed by Magoon in US. Pat. No.
4,631,837. Magoon is specifically directed toward a method
of drying fruit pulp. However. the present inventors have

' adapted this process toward the preparation of thin films.
The method and apparatus of Magoon are based on an

important property ofwater. Although water transmits energy
by conduction and convection both within and to its surround-
ings, water only radiates energy within and to water. There-
fore, the apparatus of Magoon includes a surface onto which
the fruit pulp is placed that is transparent to infrared radiation.
The underside of the surface is in contact with a temperature
controlled water bath. The water bath temperature is desir—
ably controlled at a temperature slightly below the boiling
temperature ofwater. When the wet fruit pttlp is placed on the
surface of the apparatus. this creates a “refractance window.“
This means that infrared energy is pennitted to radiate
through the surface only to the area on the surface occupied
by the fruit pulp. and only tuttil the fruit pulp is dry. The
apparatus of Magoon provides the films ofthe present inven—
tion with an efficient drying time reducing the instance of
aggregation of the components of the film.

Another method ofcontrolling the drying process involves
a zone drying procedure. employing an apparatus containing
a drying tututel having one or more drying zones attd a con-
tinuous belt conveying the film through the drying zones. The
conditions of each drying zone may vary. for example, tem—
perature and humidity may be selectively chosen. it may be
desirable to sequentially order the zones to provide a stepped
up drying elfect.

The speed ofthe zone drying conveyor may be constant. or
altered at a particular stage ofthe drying procedure to increase
or decrease exposure of the film to the conditions of the
desired zone. Whether continuous or modified. the zone dryv
ing dries the film without surface skinning.

According to an embodiment of the zone drying apparatus
100, shown in FIG. 35, the film 110 may be fed onto the
continuous belt 120, which carries the film through the dif-
lerent drying zones. The first drying zone that the film travels
through 101 may be a wamt and humid zone. The second zone
102 may be hotter and drier. and the third zone 103 may also
be hot and dry. These diflerent zones may be continuous, or
alternatively. they may be separated. as depicted by the zone
drying apparatus 200 in FIG. 36. The zone drying apparatus.
in accordance with the present invention. is not limited to
three drying zones. The film may travel through lesser or
additional drying zones of varyi ng heat attd humidity levels,
if desired, to produce the controlled drying efiect of the
present invention.

To further control temperature and humidity, the drying
zones may include additional atmospheric conditions. such as
irtert gases. The zone drying apparatus furthermay be adapted
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to include additional processes during the zone drying proce-
dure. such as. for example. spraying and laminating pro-
cesses. so long as controlled drying is maintained in accor-
dance with the invention.

The films may initially have a thickness ofabout 500 pm to
about 1.500 pm, or about 20 mils to about 60 mils. and when
dried have a thickness from about 3 ttm to about 250 ttm. or
about 0.} mils to about 10 mils. Desirably. the dried films will
ltave a thickness of about 2 mils to about 8 mils. and more

desirably. from about 3 mils to about 6 mils.
Extrusion Film Fonning Methods

In alternative embodiments. the filtn products of the
present invention may be formed by extrusion rather than
casting methods. Extrusion is particularly useful for film
compositions containing polyethylene oxide-based polymer
components. For instance. a single screw extrusion process
may be employed in accordance with the present invention.
According to such an extrusion process, pressure builds in the
polymer melt so that it may be extruded through a die or
injected into a mold.

As further explanation. a single screw extrttder for use in
the process of the present invention may include a barrel 300
containing a number of zones 200. as shown in the extruder
100 depicted in FIG. 37. These zones 200 may have varying
temperatures and pressures. For instance. it may be desirable
for the zones to increase in temperature as the composition
proceeds through the barrel 300 to the extrusion die 400. Any
number of zones may be included in accordance with the
present invention. In addition. the speed of extrusion may be
controlled to produce desired film properties. For example.
the extrusion composition may be held for an extended time
period in the screw mixing chamber. Although this discussion
is directed to single screw extrusion. other forms ofextrusion
are known to those skilled in the art and are considered well

within the scope of the present invention.
A further advantage to extrusion film forming methods is

that no added solvent is normally employed. which simplifies
the film forming process particularly where controlled release
or taste-masked active agents are employed. Where the active
agent is in a particle coated with a water soluble polymer. the
absence of added solvent during manufacture reduces the
likelihood of dissolution or release of the taste—masked or

controlled-release coated active agent during manufacture
due to dissolution or solvent effects.

It may be particttlarly desirable to employ extrusion meth-
ods for forming film compositions containing polyethylene
oxide (PEO) polymer components. In this embodiment. the
compositions may contain PliO erPliO blends in the polymer
component. and may be substantially free of solvents. A
particularly useful polymer that may be blended with PEG is
a hydrophilic cellulosic polymer. such as hydroxypropylm-
ethyl cellulose (HPMC). hydroxyethyl cellulose (HEC).
hydroxypropyl cellulose (l-lPC). or hydroxymethyl cellulose
[I-IMC}. The alorementioned polymers are known in the art of
hot melt extrusion as suitable thermoplastic. water soluble
polymers for drugs. See. for example. McGinity et al.. in
Encycl. Pharm. Tech. 3d Ed. vol. 2. pp. 2004—2020 (2006).
The PEO containing film forming compositions may option—
ally be essentially free ofadded plasticizers. surfactants. and
polyalcohols. The compositions may be extrttded as a sheet at
processing temperatures of less than about 90° C. in an extru-
sion apparatus.

lit a typical extrusion method. a prewmix of water soluble
polymers such as PEO or PEO blends is fed imo the extrusion
apparatus. such as a single screw extrttder shown in FIG. 37.
The active. which may he a taste-masked particulate. may be
added to the polymer feed or added to the extruder in a
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separate feed. The mixture is blended. and warmed and
melted in the extruder screw to provide a uniform liquid
matrix. The film may be formed by forcing the matrix through
rollers or a die. The extrudate may be deposited onto a moving
substrate as it leaves the extrusion orifice. Optionally. the
speed of the substrate can be faster titan the speed of the
extrudate leaving the orifice, which stretches the extrudate to
a desired film thickness. The film so formed will have a highly
uniform distribtttion of active.

The cxtntded film composition may then be cooled by any
mechanism known to those of ordinary skill in the art. For
example. chill rollers. air cooling beds. or water cooling beds
may be employed. The cooling step is particularly desirable
for these film compositions because PEO tends to hold heat.
Optional Components

A variety of other components and fillers may also be
added to the films of the present invention. These may
include, without limitation. surfactants; plasticizers which
assist in compatibilizing the components within the mixture:

' polyalcohols: anti-foaming agents. such as silicone-contain-
ing compounds, which promote a smoother film surface by
releasing oxygen from the film: and thermo-set‘ting gels sttch
as pectin. carageenan. and gelatin, which help in maintaining
the dispersion of components.

The variety of additives that can be incorporated into the
inventive compositions may provide a variety of different
functions. [Examples of classes of additives include excipi-
ents. lubricants. buffering agents. stabilizers, blowing agents.
pigments. coloring agents. fillers. bulking agents. sweetening
agents. flavoring agents. fragrances. release modifiers. adju-
vants. plasticizers. [low accelerators. mold release agents.
polyols. granulating agents. diluents. binders. buffers. absor-
bents. glidants, adhesives. anti-adherents. acidulants, solien-
ers. resins. demttlcents. solvents. surfactants. emulsifiers.

elastomers and mixtures thereof. These additives may be
added with the active ingredient(s).

Useful additives include. for example. gelatin. vegetable
proteins such as sunflower protein. soybean proteins. cotton
seed proteins. peanut proteins. grape seed proteins. whey
proteins. whey protein isolates. blood proteins. egg proteins,
acrylated proteins. water-soluble polysaccharides such as
alginates. carrageenans, guar gum. agar~agar_. xanthan gum.
gellan gum. gtun arabic and related gums (gum ghatti. gttm
karaya. gttm tragancanth). pectin. water-soluble derivatives
of cellulose: alkylcelluloses liydroxyalkylcelluloses and
hydroxyalkylalkylcellttloses. such as methylcellulose.
hydroxymethylcellulose. liydroxyethylcellulose. hydrox-
ypropylcellulose. hydroxyethyltnetltylcellulose. hydrox-
ypropylmethylcellulose. hydroxybtttyhnethylcellulose. cel~
lttlose esters and hydroxyalkylcellulose esters such as
cellulose acetate phthalate (CAP). hydroxypropylmethylcel-
lulose (HPMC): carboxyalkylcelluloses. carboxyalkylalkyl-
celluloses. carhoxyalkylcellulose esters such as carboxym-
ethylcellulose and their alkali metal salts: water-soluble
synthetic polymers such as polyacrylic acids and polyacrylic
acid esters. polymethacrylic acids and polymethacrylic acid
esters. poiyvinylacetates. polyvinylalcohols. polyvinylac—
etatephthaiates (PVAP). polyvinylpyrrolidone (PVP'). PV'YI
vinyl acetate copolymer, and polycrotonic acids; also suitable
are phthalated gelatin. gelatin succinate, crosslinked gelatin.
shellac. water solttble chemical derivatives of starch. cationi-

cally modified acrylales and methacrylates possessing. for
example. a tertiary or quaternary amino group, such as the
diethylaniinoethyl group, which may be quaternized if
desired: and other similar polymers.

Such extenders may optionally be added in any desired
amount desirably within the range of up to about 80%, desir-
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ably about 3% to 50% and more desirably within the range of
3% to 20% based on the weight ofall components.

Further additives may be inorganic fillers. such as the
oxides of magnesium aluminum, silicon. titanium, etc. desir-
ably in a concentration range ofabout 0.02% to about 3% by
weight and desirably about 0.02% to about 1% based on the
weight of all components.

Further examples of additives are plasticizers which
include polyalkylene oxides. such as polyethylene glycols,
polypropylene glycols. polyethylene-propylene glycols.
organic plasticizers with low molecular weights, such as
glycerol. glycerol monoacetate. diacetate or triacetate. triace-
tin. polysorbate, cetyl alcohol, propylene glycol, sorbitol,
sodium diethylsulfosuccinate. triethyl citrate, tributyl citrate,
and the like. added in concentrations ranging from about
0.5% to about 30%. and desirably ranging from about 0.5% to
about 20% based on the weight of the polymer:

There may further be added compounds to improve the
flow properties of the starch material such as anitnal or veg-
etable fats. desirably in their hydrogenated form, especially
those which are solid at room temperature. These fats desir—
ably have a melting point of 50° C. or higher. Preferred are
tri-glycerides with (712-, (714-. (315-, (T 13-. (730- and (fizz-fatty
acids. These fats can be added alone without adding extenders
or plasticizers and can be advantageously added alone or
together with mono- andfor di-glycerides or phosphatides.
especially lecithin. The mono- and di-glycerides are desirably
derived from the types of fats described above, i.e. with C 12-,
CH: (716‘. CW. Cm— and sz-fatty acids.

The total amounts used of the fats, mono-, di-glycerides
andfor lecithins are up to about 5% and preferably within the
range of about 0.5% to about 2% by weight of the total
composition

It may be useful to add silicon dioxide, calcium silicate. or
titanium dioxide in a concentration of about 0.02% to about

1% by weight ofthe total composition. These compounds act
as texturizing agents.

'l‘hese additives are to be used in amounts sufficient to

achieve their intended purpose. Generally. the combination of
certain of these additives will alter the overall release profile
of the active ingredient and can be used to modify. i.e. impede
or accelerate the release.

Lecithin is one surface active agent for use in the present
invention. Lecithin can be included in the feedstock in an

amount offrom about 0.25% to about 2.00% by weight. Other
surface active agents. i.e. surfactants. include. but are not
limited to. cetyl alcohol. sodium lauryl sulfate. the SpansTM
and TweensTM which are commercially available from ICI
Americas. Inc. Ethoxylated oils. including ethoxylated castor
oils, such as Cremophor-E EL which is commercially avail—
able from BASF. are also useful. C‘ar'browaxTM is yet another
modifier which is very useful in the present invention.
'l‘weens'l'“ or combinations of surface active agents may be
used to achieve the desired hydrophilic-lipophilic balance
(“I-11.13"). The present invention. however. does not require
the use ofa surfactant and films or filmwforming compositions
ofthe present invention may be essentially free ofa surfactant
while still providing the desirable unifonnity features of the
present invention.

As additional modifiers which enhance the procedure and
product of the present invention are identified. Applicants
intend to include all such additional modifiers within the

scope of the invention claimed herein.
Other ingredients include binders which contribute to the

ease of formation and general quality of the films. Non—
limiting examples of binders include starches. pregeiatinize
starches, gelatin, polyvinylpyrmlidone, methylcellulose,
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sodium carboxymethylcellulose, ethylcellulose. polyacryla—
mides, polyvinyloxoaaolidone. and polyvinylalcohols.

Further potential additives include solubility enhancing
agents. such as substances that form inclusion compounds
with active components. Such agents may be useful in
improving the properties of very insoluble andior unstable
actives. In general. these substances are doughnut-shaped
molecules with hydrophobic internal cavities and hydrophilic
exteriors. Insoluble andfor instable actives may [it within the
hydrophobic cavity. thereby producing an inclusion complex.
which is soluble in water. Accordingly, the formation of the
inclusion complex permits very insoluble andfor instable
actives to be dissolved in water. A particularly desirable
example of such agents are cyclodexlrins. which are cyclic
carbohydrates derived from starch. Other similar substances.
however. are considered well within the scope of the present
invention.

Testing Films for Unifonnity
It may be desirable to test the films ofthe present invention

for chemical and physical unifomrity during the film mantl—
facturing process. In particular. samples of the film may be
removed and tested for uniformity in film components
between various samples. Film thickness. color, assay of
active ingredients. and overall appearance may also be
checked for uniformity. Uniform films are desired. particu-
larly for films containing pharmaceutical active components
for safety and elficacy reasons.

A method for testing uniformity in accordance with the
present invention includes conveying a film through a manu-
facturing process. This process may include subjecting the
film to drying processes. dividing the film into individual
dosage tuiits. and!or packaging the dosages. among others. As
the film is conveyed through the manutacturing process. for
example on a conveyor belt apparatus, it is cut widthwise into
at least one portion. The at least one portion has opposing
ends that are separate li'om any other film portion. For
instance. if the film is a roll. it may be cut into separate
sub-rolls. Cutting the film may be accomplished by a variety
of methods, such as with a knife. razor. laser. or any other
suitable means for cutting a film.

The cut film then may be sampled by removing small
pieces from each ofthe opposed ends of the p0rtion(s). with—
out disrupting the middle of the portion(s). Leaving the
middle section intact permits the predominant portion of the
film to proceed through the manufacturing process without
interrupting the conformity ofthe film and creating sample-
inclucted gaps in the film. Accordingly, the concem ofmissing
doses is alleviated as the film is further processed. e.g.. pack~
aged. Moreover, maintaining the completeness of cut por—
tions or sub-rolls throughout the process will help to alleviate
the possibility of interruptions in further film processing or
packaging due to guilty control issues, for example. alarm
stoppage due to notice of missing pieces.

After the end pieces, or sampling sections. are removed
from the film portion{s). they may be tested for uniformity in
the content of components between samples. Any conven—
tional means forexamining and testing the film pieces may be
employed. such as, for example, visual inspection. use of
analytical equipment. and any other suitable means known to
those skilled in the art. If the testing results show non-unifor-
mity between film samples. the manufacturing process may
be altered. This can save time and expense because the pro-
cess may be altered prior to completing an entire manufac—
turing run. For example. the drying conditions, mixing con—
ditions. compositional components andfor film viscosity may
be changed. Altering the drying conditions may involve
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changing the temperature, drying time, moisture level, and
dryer positioning, antong others.

Moreover. it ntay be desirable to repeat the steps of sam-
plittg and testing throughout tlte manufacturing process. Test-
ing at multiple intervals may ensure that uniform film dosages
are continuously produced. Alterations to the precess can be
implemented at any stage to minimize non—uniformity
between samples.

The cut portions may be tested for chemical and physical
uniformity using any conventional nteans for examining and
testing the film pieces known in tlte art. For example. visual
inspection. conventional or electron microscopy. chemical
testing. or use of analytical equipment tnay be used.

Tlte testing can be used for quality control purposes. for
example to assure that the physical and chemical content of
tlte film is uni form and matches desired specifications. Addi-
tionally. the testing cart be used to assay for desired content of
active ingredients. Testittg can also be used for other pur-
poses. such as adjusting the manufacturing process to achieve
optimum efficiency and appropriate physical and chemical
properties attd uniformity.
Uses ofThin Films

‘Ihe thin films of the present invention are well suited for
many uses. The high degree ofuniforntity of the components
of the film makes them particularly well suited for incorpo-
ratittg pharmaceuticals. Furthermore. tlte polymers used in
construction ofthe films may be chosen to allow for a range of
disintegration times for the films. A variation or extension in
the time over which a film will disintegrate may achieve
control over the rate that the active is released. which may
allow fora sustained release delivery system. In addition. the
films ntay be used for the administration ofan active to any of
several body surfaces. especially those including mucous
membranes. such as oral. anal. vaginal. opthalntological. the
surface of a wound. either on a skin surface or within a body
such as during surgery. and similar surfaces.

The films may be used to orally administer an active. This
is accomplished by preparing the films as described above
and introducing them to the oral cavity of a mammal. This
film may be prepared and adhered to a second or support layer
from which it is retnoved prior to use, introduction to the
oral cavity. An adhesive may be used to attach the film to the
support or backing material which may be any of those known
in the art. and is preferably not water soluble. Ifan adhesive is
ttscd, it will desirably be a food grade adhesive that is ingest-
iblc and does not alter the properties of the active. Mttcoad-
ltesive compositions are particularly useful. The film compo-
sitions in many cases serve as mucoadltesives themselves.

The films may be applied under or to the tongue of the
mammal. When this is desired. a specific film shape. corre—
spondittg to the shape ofthe tongue may be preferred There-
fore the film may be cut to a shape where the side of the film
corresponding to the back of the tongue will be longer than
the side corresponding to the from o t‘tlte tongue. Specifically.
the desired shape may be that of a triangle or trapezoid.
Desirably. the film will adhere to the oral cavity preventing it
front being ejected from the oral cavity and permitting more
of tlte active to be introduced to the oral cavity as the film
dissolves.

The films of the present invention are desirably packaged
in sealed. air attd moisture resistant packages to protect the
active from exposure oxidation. hydrolysis, volatilization and
interaction with the environment. Referring to FIG. I. a pack-
aged pharmaceutical dosage unit 10. includes each film 12
individually wrapped itt a pouch or between foil andfor plastic
laminate sheets 14. As depicted in FIG. 2. the pouches 10. 10'
can be linked together with tearable or perforated joints 16.
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The pouches 10, 10' may be packaged itt a roll as depicted in
FIG. 5 or stacked as shown in FIG. 3 and sold in a dispenser
18 as shown itt FIG. 4. The dispenser may contain a fttll
supply of the medication typically prescribed for the intended
therapy. but due to the thinness of the film and package. is
smaller and more convenient than traditional bottles used for

tablets. capsules attd liquids. Moreover. the films of the
present invention dissolve instantly upon contact with saliva
or mucosal membrane areas. eliminating the need to wash the
dose down with water.

Desirabiy. a series ofsuclt unit doses are packaged together
itt accordance with the prescribed regimen or treatment. e.g.,
a I'D-90 day supply. depending on the particular therapy. The
individual filttts can be packaged on a backing and peeled off
for use.

The features attd advantages of the present invention are
ntore fully shown by the following examples which are pro-
vided for purposes of illustration. and are ttot to be construed
as limiting the invention in any way.

EXAMPLES

Preparation of 'I‘aste-Masked Pharmaceutically
Active Agents

The following drugs were coated with taste masking com-
ponents and were used in the films of the present invention.

a. Flttidized Bed Coating: A taste—masked particle was
prepared having a core material ofnortltittdrone (NorltttintE).
Northindrone was first sieved through a 60 mesh screen hav-
ing a 250 micron sieve opening. The resulting particles, i.e..
having particles sizes of less than 250 microns. were then
coated by the fluidized bed coating procedure in 3 Verse Glatt
Iiluidized Bed using a Wurstcr Column. Accordingly. a 625
grams of 5% metltylcellulose and 0.5% Acesulfame-Ei K (a
non—caloric sweetener) solution was prepared. The solution
was then applied onto 500 grants of the sieved itorthindrone
powder at an air pressure of 40 psi through a Gustav Schlick
nozzle model 941. The fluidized bed temperature was heated
and maintained at l 15” F. durittg the spraying process. At the
end of coating. the resulting particles were further dried
therein for 3 minutes. A total of 530 grams taste masked
northindrone was obtained.

b. Agglomeration Process: A sweetener solution of 94
grants of 2.5% sodium saccharin and 2.5% Acesulfamel’; K
was prepared. A dry blend of 60 grams of hydroxypropylm-
ethyl cellulose attd 40 grams of silica dioxide with 20 grams
polythiavjde (RenesetRJ) was made. The sweetener solution
was then sprayed a little at a tittte onto the dry blend powder
during low—shear mixing. The dry powder was. at this point,
being agglomerated through the granulationfabsorption pro-
cess. The wet mixture was then dried in a convection oven at

105" F. for 17 hours. The resulting dried product was ground
in a Fitz Hammer Mill grinder attd sieved through a 100 mesh
screen having a 149 micron sieve opening.

c. Pelletization Process: The following product was made
using a model RV02 Mix Pelletizer (made by Eirich
Machines Ltd.) at maximum ntixing speed. A stttall of
crashed ice was added. slowly through a funnel, to the 40
grants Loratidineifil. 40 gramsAspartamedit, 10 grams hydrox-
ypropyl cellulose attd 5 grams gum arabic powder mix in the
mixer while mixing at low settings of botlt pan rotation and
mixing motor. It took 1 to 2 minutes to add the ice. Once the
ice addition was completed, both the pan and the rotor mix
were turned to ltigh speed to form spherical particles. The end
point was determined by examining the particles using a low
power microscope. When the end point is not reached after 2
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minutes of intense mixing, additional 1 to 2 minutes mixing
with or without adding more ice is tried. This procedure is
repeated until the end point is reach. i.e.. the spherical par-
ticles are formed. The wet samples obtained were dried in a
tray dryer at 55" (T. for about 5 hours. The resulting particles
size ranged from 20 to 200 mesh. The particles were then
sieved to obtain the desired particle size.

d. Infusion Method: A dry blend of3.7 grams ofSucral—

ose‘fi). 10 grams Httoxetine HC'l (Prozactfi't). and 1.25 grams
polyvinylpyrrolidone were mixed unifonnly. Water of 5.0
grams and 2.74 grams ofpropylene glycol were then added to
the mixture and mixed thoroughly. To this mixture. 22 grams
of hydroxypropylmethyl cellulose was added and blended

under a high shear Stephan Mixer for at least 3 minutes. The
resulting particles were sieved through a 100 mesh screen and
were ready to be used in film matrix solution.

e. Triglyceride Reduction li'onnulaTM microspheres from
Southwest Research institute were coated with ethylcellnlose

by a spinning and congealing particle producing process. The
coated particles had a particle size of less than 100 microns.
The polymer condensed on the drug particles thereby impart-
ing a taste-masked phannaceutically active agent.

1‘. Tamoxifen was produced by spray coating 50 to 100
micron sized particles of Eudragittlt1 13.100 (cationic meth-
acrylate with dimethylamino ethyl ammoniutn groups). Dur-
ing fluidized coating. coated particles were isolated using a
fractional separation device which insured particles having a
size of less than 150 microns. The estimated level ofcoating
was about 15%. The polymer condensed on the drug particles
thereby imparting a taste-masked pharnutceutically active
agent.

3. 'I'orsemide was coated by a critical fluid process by
dissolving torsemide in polyethylene glycol (400 molecular
weight) which was added to a [lowing stream ofsupercritical
C02 by using a sonic spray nozzle. The resulting droplet size
was controlled to produce approximated ]50 micron sized
spherical particles. The particles were then moved to an appa-
ratus used for spraying a polymer coating. The polymer con~
densed on the drug particles thereby imparting a taste~masked
pharmaceutically active agent. The polymer coating used was
liudragitIKJ li100 dissolved in ethanol at 15% solids. The
coated product was isolated by lowering the pressure and
removal of the CO2 and the ethanol.

h. Felodipine was coated via an emulsion solvent evapora-
tion method using acrylale methacrylate copolymers
([iudragit-‘RJ R1. or liudragitfit' PO and l'iudragittltt RS or
EudragirR- PO) as the coating materials. The mean sphere
diameter was 12 microns with a drug loading ofabout 50%.

i. Digoxin was coated with Trappsol® cyclodextrin. A 50%
(wti'vol) solution of chemically modified cyclodextrin was
produced by mixing it with water at merit temperature. A
finely ground digoxtin (less than 15 microns) was suspended
in the solution with mild stirring. The mix was stirred for 60
ntintttes and any undissolved drug was removed by centrifu-
gation through a 0.45 micron sized membrane. Spray drying
ofthe solution yielded a dry powder with a 10% drug loading.
Preparation ofthe Film Fanning Composition:

A film-forming composition. Composition A in Table l.
was prepared and mixed under vacuum to remove air bubbles.
In further detail. a polymer mix of hydroxypropylmethyl
cellulose (lVlt.‘.t.hocelTM | i l 5). polyvinylpyrrolidonc and starch
and xanthan were added to water with stirring over a short
period oftime ofabout 15 minutes. The stirring was set at 350
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to 1500 rpm using an axial impeller. Stirring continued for

another 45 minutes after combining the components to form
a viscous. uniform mix.

To this viscous mix plasticizer (propylene glycol). flavor.
antifoam and sweetener were sequentially added. The mix—
ture was stirred for an additional 10 minutes at 500 rpm before
the addition of a taste-masked drug.

TABLE 1

Film Forming Polymer Composition Composition
Ingredient A

I-lydroxypropyllnetbyl cellulose 8.5
Polyvinylpyrrolidone 5.5
Starch 5.5
Sweetener 2.4

Flavor tMint Mix] 3.3
Xanthan Gum 0.3
Plasticizer 3.4

[\Jitifitam agent [Hi
Water "£0.13

Total: 100

A taste—masked drug was added to the mixture in about a 5
minute time period. After the addition ofthe drug the mixture
was placed under a vacuum from about 0.1 to about 0. 7 torr
for about 45 minutes.

Film Compositions with Taste-Masked Pharmaceutically
Active Agents:

After removing the vacuum. the product mix was added to
a coating pan and filmed using a three-roll center. The sus—
pension was coated al 250 microns onto siliconized paper
substrate and moved tlmiugh a drying oven heated at 90" ('7.
The composition was dried in accordance with the process set
forth in co-pending U. S. application Ser. No. 10f074.272.

The dried product was examined for physical appearance.
dissolution in the mouth and bitterness.

The resultant uncut films of inventive composition A with
the above-described taste-masked drugs exhibited uniformity
in content particularly with respect to the tasted-masked
drugs. as well as unit doses of 3/3" by l'I by 5-6 mils cut
therefrom. The inventive compositions also were observed to
have a smooth surface. absent of air bubbles. The films had

minimal taste when ingested. All films dissolved in the mouth
in less than 15 seconds.

The film produced with the less than 100 micron sized
taste-masked triglyceride had a loading of 20 mg per 25 mtn2
piece offilm. The Iilm produced with the less than 1 50 micron
sized taste-masked tamoxifen had a loading of 10 mg per 20

min2 offilm (assuming 85% active). The film produced with
the less than 1 50 micron sized taste-masked torsemide had a

loading of 10 mg per 25 mm2 of film (assuming 90%: active).
The film produced with the taste-masked digoxin had a load-

ing of 0.5 mg per 1 5 innt2 of film (assuming 90% active).

[Examples N-l

Water soluble thin film compositions of the present inven-
tion are prepared using the amounts described in Table la.
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 Ingredient A' B C D E F G I-l ]

Hydroxypmpylrnethyl 1.76 [.53 32.00 3.6? 32.00
cellulose
Peppermint oil 0.90 1.0 [.05 8.0 2.6?
Sweetener 0.15 0.15 I122 0.10 4.6 LS}. 0.15
Polyvinylpyrrolidone 0.94 l.t'I5 3.0 2.33
Tween 80‘ 0,5 0.5 10 0.65 | 1.80 [.35 0.5 1 1.80
Simeniicoue? 0.2 0.2 0.15 0.30 1.80 0.21 0.2 1.80
Listerine3 33.35 83.35
Methylceihiiosc 6,0
Cm'nstsrch”l 1.?5
Ag.qu LES
Water 42.24 93.63 39.22 T680 280.0 83.24 ?68.0
Loretta-dine" 19.2 19.2
Pullulsns 6.0
Ibuprofen 38.4 

'Awilablc From {Ct Americas
jAvsilablc from OSI
‘Available from Pfizer. Inc. including thy-mo] {0.064%}, cucaly-ptol (0.091%). methyl salicylalc (0.050%). menthol
9.042%). water (up to H.800), alcohol (2 6.9%), benzoic acid, poloxamer 401‘. sodium benzoate. and caramel coierAvailable From Grain Processing Corporalinn as I’m: Cole 13792
snvailabc] from Schcring Corporation as Clalilin
6Available from Huyushibnra Biochemical Laboratories. inc.. Japan

The ingredients of inventive compositions A'-I were com-
bined by mixing until a uniform mixture was achieved. The
compositions were then formed into a film by reverse roll
coating. These films were then dried on the top side of an
infrared transparent surface, the bottom side of which was in
contact with a heated water bath at approximately 990 C. No
external thermal air currents were present above the film. The
films were dried to less than about 6% by weight water in
about 4 to 6 minutes. The films were flexible. self-snpporting
and provided a uniform distributionofthe components within
the film.

The uni form distribution of the components within the film
was apparent by examination by either the naked eye or under
slight magnification. By viewing the films it was apparent that
they were substantially free ofaggregation, i.e. the carrier and
the actives remained substantially in place and did not move
substantially from one portion ofthe film to another. There—
fore. there was substantially no disparity among the amount
of active found in any portion of the film.

Uniformity was also measured by first cutting the film into
individual dosage forms. 'l'wenty-five dosage forms of sub-
stantially identical size were cut from the film of inventive
composition (ii) above from random locations throughout the
fihn. Then eight of these dosage forms were randomly
selected and additiver weighed. The additive weights of
eight randomly selected dosage forms. are as shown in Table
2 below:

 

 

TABLE 2

Additive

Weight tg]

Sample Trial 1 Trial 2

l 0.04 0.04
2 003 0,03
.1 0.12 0,12
4 0.16 0.16
s 030 [1,20
5 0.24 0.24
T 0.28 0.28
5 o3: 0.32 
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The individual dosages were consistently 0.04 gm. which
shows that the distribution of the components within the film
was consistent and uniform. This is based on the simple
principal that each component has a unique density. There-
fore. when the components of different densities are com-
bined in a uniform marmer in a film. as in the present inven-
tion. individual dosages forms from the same film of
substantially equal dimensions, will contain the same mass.

An alternative method ol'determiniug the uniformity ofthe
active is to cut the film into individual doses. The individual

doses may then be dissolved and tested for the amount of
active in films ofparticular size. This demonstrates that films
ofsubstantially similar size cut from different locations on the
same film contain substantially the same amount of active.

When the films formed ii'om inventive compositions A'-l—l
are plaCed on the tongue, they rapidly dissolve. releasing the
active ingredient. Similarly. when they are placed in water.
the films rapidly dissolve which provides a flavored drink
when the active is chosen to be a flavoring.

Examples .l-L

Thin films that have a controlled degradation time and
include combinations of water soluble and water insoluble

polymers and water soluble films that allow controlled release
of an active are prepared using approximately the amounts
described in Table 3.

 

 

TABLE 3

We i Ell ; gt

Ingredient J K L

Ilydroxypropylmethyl cellulose 1.0 1.0
‘l‘ween 80‘ 0.? 0.? 0.?
Water 5 .0

Aquacortl ECD" I It] | 7.0 115
Peppermint all 1.0 0.4 1.1 

'Available From ICl Americas
2A 30% by weight aqueous dispersion ofe‘thyl cellulose available from FMC

The components of inventive compositions .I-l. were com-
bined and formed into films using the methods for preparing
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inventive compositions A'-I above. These films were also
llexible, self-supporting and provided a unifomt distribution
of active which permits accuracy in dosing.

The unifomrity of the films prepared front inventive com-
positions .I-I. may also be tested by either visual means inca-
suring the weights of individual dosage films. or by dissolv-
ing the films and testing for the amount ofactive as described
above.

Examples M-O

An alternative method of preparing films which provides
an accurate dosing may be used for any of inventive compo-
sitions A'-I. The method begins with first combining the
ingredients with mixing. The combination of ingredients is
then divided among individual wells or molds. In such a
method. aggregation ofthe components during drying is pre-
vented by the individual wells.

TABLE 4

Weight %

Ingredient M N O

5% Melliylcellulose Solution] 73.22 44.22 T422
Raspberry Flavor 3.28 3.28 3.33Sweetener Blends 1.01r 1.0? 1.07
'l'ween-llsz 2.47 2.4? 2.47
Polyvinylpyrmlidone 3.30 3.30 3.30
Edisool 95% 8.24 8.24 8.24
Propylene Glycol 1.65 L65 1.65
Calcituii Carbonate 4.12 4. I'.’ 4.12
Cornstarch3 1.65 1.65 1.6.5

Red Dye" 1.01]
Corn Syrup5 3mm

JAvailable from Dow Chemical Co. as Mamich X35
'iAvriiJablc front {C'I Americas
"Available from Grain Processing Clll'rl‘mllnll as Pure Cole 1!?92
'lAmiIablc from McCormick
5A\'ail:|hle from Bestl‘oods. Inc. as Karo Syrup

The ingredients in the above Table 4 were combined and
formed into a film by casting the combination of ingredients
onto the glass surface and applying heat to the bottom side of
the glass. This provided inventive compositions M—O.

The film ofcomposition M was examined both prior to and
after drying for variations in the shading provided by the red
dye. The film was examined both under sunlight and by
incandescent bulb light. No variations in shade or intensity of
color were observed.

Further testing of the films of composition M included
testing of absorption which is directly related to concentra—
tion. The film was cut into segments each measuring 1.0 in. by
0.75 in.. which were consecutively assigned numbers.
Approximately 40 mg of the scrap material from which the
segments were cut was dissolved in about 10 in] of distilled
water and then quantitatively transferred to a 25 ml volumet-
ric flask and brought to volume. The solution was centrifuged
and scanned at 3 nm intervals from 203—1200 nm. The fre—

quency of maximum absorption was found to be 530 run. The
solution was then re-centrifitged at a higher RPM (for the
saute length of time) and re-scanned, which demonstrated no
change in the ‘34: transmission or frequency.

Each of the segments were weighed to 0.1 mg and then
dissolved in 10 ml distilled water and transferred quantit‘ -
tively to a 25 mi volumetric flask and brought to volume with
distilled water. Each segment solution was then centrifuged
as above. and then scanned. at first from 203-1200 nm and

later from only 500nm to 550 run at a 1 nm scanning speed.
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The value recorded was the % transmission at the lowest wave

length. which was most frequently 530 nnt.

The absorption values are shown in Table 5 below:

TABLE 5

Segment mgl'Vu A

1 -2 l .i" 1 T
3—4 1300
5-6 I ,‘l' '34
7‘ I .TIIII

9—10 1321
| | -| 2 I} 29
13— l 4 l .‘l' 2 5
15—1 6 l .T 1 3

'segmertt 8 was lost

The overall average absorption was 1.724. Of the 15 seg-
ments tested the difference between the highest and lowest
values was 0073 units, or 4% based on the average. This
shows excellent control over the uniformity ofthe dye within
the composition because the absorption is directly propor—
tional to the concentration of the dye within each segment.

The film of inventive composition N provided a very l‘lex-
ible film. This film was able to be stretched and exhibited a

very high tensile strength.

After forming the film of inventive composition 0. the film
was removed from the glass by very rapidly stripping the
length of the glass with a razor. This provided very lightly
wound “toothpick-like” dosage forms. Iiach dosage form
consistently weighed 002 g. This demonstrates the unifor-
mity of the dosage forms as well as the superior sel f-support-
ing properties of the films.

Izixarnples P-W

Compositions P-W were prepared to demonstrate the inter-
action among various conditions in production of films as
they relate to the present invention. The ingredients in the
below Table 6 were combined and lonued into a film using the
process parameters listed in Table '1' below. prepared in a 6 m
drying tunnel designed to incorporate bottom drying ofthe
films. liach of the examples shows the effect of different
ingredient formulations and processing techniques on the
resultant film products.

’I'ABIJIEG

Weighlgg!

Ingredient P Q R S T U V W

l-Iytiroity- 3212! 32m 320 320 320 320 345 345
PNPYI'
methyl
cellulose
Water 1440 I440 IM} 1440 I440 999 999
Sweetener on 60 45
Mint Flavor 80 80
Propylene 30 50 5:) too 100 mu mo 69.3
Glycol
Xanthrtn 22 11 t LBJ It] ll) 10 6.9
Water! 1440
Ethanol
(GU-'40:
Orange 42
Flavor
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TABLE 'r'

Film

'I'tiickness TopJ Bot. l 'l'J 'E'o [)2
tMicrorIII v tn1.-'scc} v il'llJ'SCCl t" C.) v [nia‘sect

1’1 101.! 0 22 1‘5 U
P2 350 o 22 7:? o
P3 350 O 41] 75 1]
P4 350 o 44) ii (I
PS 351.: to 411 ‘r‘S in
Q 35ft o 40 75 It!
R 330 0 4t: 85 to
St 251! 0 40 1011 (I
552 3:10 o 4H 10!: {I
53 350 0 41) lot: 0
'1'1 25“ o 4r: lot: {a
T2 3 50 0 4t] IOU 0
U1 300 0 41] 100 1.1
U2 23th 0 4th mt; 0
U3 300 0 40 100 0
V1 301) (I 40 100 0
V2 son (I 40 100 (I
V3 3:11: U 40 1ou {a
W1 3th] 0 4t] 93 1]
W2 :50 0 4o 9n (n
W3 2:“ I 0 40 9n 1';

Film Coat er

Bot.2 TJ Weight Speed “2’;-
\' int-“sec! t" CA is] m-"min Moisture

P1 33 60 109 5 >30
1’2 23 61.1 n.-"z. 5 >30
P3 40 60 16 3 >213
P4 41'] i5 1 91 3 3‘30
P5 40 75 253 3 >2tl
Q 40 '15 ri-“a 3 >20
R U 85 2.5 >20
SI 4:) 90 t 63 1.5 < 5
82 4t) 9t! 1 93 1 .5 ‘5
S3 40 90 225 1 .5 ‘5
T1 41.1 90 64 1.5 <5
T2 40 9t! 83 1.5 s5
tJI 4o 91'! 308 1.3 3t:
[.12 40 90 I ‘4'? 1 .5 20
U3 40 9t) 2 12 1 .3 20
V1 40 90 23? 1.3 20
V2 40 I III 242 1 .3 31'!
W1 40 90 321" 1.3 5
W 2 40 90 199 1.3 5
W3 4o 90 169 1.3 5

Ji‘irst lieuter Section {3 m]
"Second Heater Section (3 m]

In Table 7. each of the process parameters contributes to
different properties of the films. Film thickness refers to the
distance between the blade and the roller in the reverse roll

coating apparatus. Bottom velocity and top velocity refer to
the speed ofair current on the bottom and top sides ofthe film.
respectively. The film weight is a measure of the weight ofa
circular section of the substrate and the film of 100 c1112.

Compositions P-R show the effects of visco-elastic prop-
erties on the ability to coat the film composition mixture onto
the substrate for film formation. Composition P displayed a
stringy elastic property. The wet film would not stay level. the
coating was uneven, and the film did not dry. in Composition
Q. substantially the same formulation as P was used however
the xantlian was not included. This product coated the sub-
strate but would not stay level due to the change in the visco-
elastic properties of the wet foam. Composition R was pre-
pared using substantially the same tormulation. but
incorporated one-halfof the amount ofxanthan of Composi-
tion P. This formulation provided a composition that could be
evenly coated. Compositions P—Q demonstrate the impor-
tance ofproper formulation on the abil ity of the film matrix to
conform to a particular coating technique.
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The films produced from Composition S contained a large
amount of air in the films. This is shown by the dried film
thickness which was the same despite that variation in the
coated thickness as in Table 7. Microscopic examination of
the film revealed a large number ofair bubbles in the film. In
order to correct for the addition of air in the films, care must

be taken in the mixing process to avoid air inclusion.
Composition T included a change in the solvent to 601%)

water ethanol. Composition T was stirred slowly for 45 min.
to deaerate the mixture. The dried weight film products Tl
and T2 were consistent with the increase in solids from T1 to
T2. The films dried much faster with less than 5% moisture.

With the particular combination of ingredients in Composi—
tion ’1‘. the substitution ofparl ethanol for part water allowed
the film to dry more quickly. The elimination of air from the
film as a result of the slow stirring also contributed to the
uni fonnity of the filial lihn product and the faster drying time.

Only water was used as a solvent in Composition U. The
dried weight of the Ul-US changed consistently in accor-
dance with the change in coating thickness indicating that no
air bubbles were present. However. these films contained
20% moisture upon exit from the oven. unlike the films of
Composition ‘1'. which included part ethanol and dried com-
pletely.

The amount of solids was increased and the amount of

water was dccrcawd in Compositions V] and V2. The dried
weight was greater titan U l-US due to the increase in solids,
however the films still contained 20% moisture upon exit
from the oven. similar to Composition U.

The coating line speed was reduced for Composition V3. to
prevent premature drying of the exposed top film surface.
This film product dried to 6% moisture.

While increasing the amount of solids improved the film
Weight. longer drying times were required. This was due to
the surface oi'the film sealing preventing easy removal ofthe
water. Therefore. for Compositious W1 ~W3, the temperature
in the first 3 in section of the dryer was decreased. This
prevented the premature drying of the top surface oi‘the films.
Evert at greater film thicknesses, the films were dried to 5%
moisture even at faster coater line speeds.

Examples X—AA

TABLE 8

Wei 1

Ingredian X Y Z AA

lflnlltflllll'lc 1:146?

Zomig 52.35Paxil 104.69
Hydmxypmpyl nielhylcellulose 32“ 320 320 150
chclener blend fit! 60 60 0.4
SimctJiicorie 1.5 1.5 1.5 1.5

Propylene: glycol too mu InnWater 1440 1440 1440 T90
Cream essence 0.4
Polyvinyl pynolidinone 4
Edianol 4!}
Cocoa 53.2
Poly'oxyl-4ti—steamte ?

Compositions X. Y and Z ofTable 8 were taste mask coated
using a Glatt coater and Eudragit E400 polymethacrylate
polymer as the coating. The coating was spray coated at a
20% level. ’l‘herefore 10 mg of drug 12.5 mg of the final dry
product must be weighed.
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The base formula which excluded the drug additive was
mixed with care to not incorporate air. Alter initial mixing the
formula was slowly mixed to deaerate over 30 min. During
this time the drug was weighed and prepared for addition to
the base mix.

For Composition X. the Loratadine (80% drug) was added
slowly to the mix with stirring. After 5 min. of stirring. the
total mix was added to the pan of a three roll coater set
[reverse roll coater) at 30 micron coating thickness.

The process bottom temperature was set at 90° C . with no
top heat or air. the bottom air velocity was set at 40 mitten. and
the line speed was set at 1.3 mlmin. Total drying time for the
fihn was 4.6 min.

The liquid was coated at 30 microns and dried in the ovon
in less than 5 min. The film was flexible and a 1"X0.75" piece
weighed 70 mg and contained 10mg ol'Loratadine.

The experiment was repeated for Compositions Y and Z.
Zomig and Paxil. respectively. Both produced flexible films
with the target weight of'r'O mg containing 5 mg ofZomig and
70 mg containing 10 mg ofPaxil. respectively.

The products Were sweet without any noticeable drug after-taste.

The ingredients ofComposition AA were mixed in order to
reduce air captured in the fluid matrix. Aiter mixing 45 g of

it]
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uniform filtn that substantially reduced or eliminated air
bubbles in the film product. but also provided other benefits.
The films displayed more desirable organoieptic properties.
The films had an improved texture that was less “paper-like“
provided a better mouth-feel to the consumer.

The compositions in Table 9 were prepared (including the
addition of simethicone in inventive compOsitions ISA-HG]
and mixed under vacuum to remove air bubbles.

The resultant uncut lilms of inventive compositions BA-
BG exhibited tutifomtity in content particularly with respect
to the insoluble active. as well as unit doses of3zit" by l" by 5

mils cnt therefrom. The inventive compositions also were
observed to have a smooth surface. absent ofair bubbles. The

significantly higher amounts ofsimethicone present in inven-
tive compositions BF-BG also provided a very uniform film.
but not significantly improved from that of inventive compo-
sitions ISA-BIZ.

By contrast. comparative examples Bil-BI were observed
to have a tougher surface. exhibiting the inclusion of air
bubbles in the resultant film which provided a less uniform
texture and distribution of the ingredients.

TABLE 9

ingredient BA BB BC BD BE BF BG Bill 131

Hydmxypropylmetltyl I] 3.7? 330 3.84 I} 3.5? U [I 3.84
cellulose
Peppermint oil 2.94 1.93 2.39 0 0 2.6? 2.94 2.6? 0
Sweetener 2.10 0.32 0.23 U 0. l? 1.53 2.20 LS4 t'J
Poly’vinylpyrrolidone 2.63 2.01 2.39 n 0 2.33 2.63 2.34 0
Tween 80' 2.24 1.0? 1.48 L42 0.55 1.35 2.24 II: 1.42
Simethiconc2 0.66 0.42 0.68 0.22 0.22 5.00 2.00 (I U
Lisre title“ ‘21 0 [J U 92.41 (I II U U
Medtyiceilulose 4.03 0 0 0 0 0 4.03 U 0
Cornstarch" 2.68 0 0 0 0 (I 2.68 0 0
Water 73.53 9047 89.14 92.22 0 83.45 T119 93.46 92.44
Loratsdine" 4.29 0 0 2.3] U 0 4.29 0 2.31
Pollutant" :‘t 0 o If! 6.65 o o n t]
Calcium Carbonate 1.43 0 u U I] (I 1.43 L': t]
Xanthan Gum 0.30 0 0 n 0 0 0,30 0 t)
l’ropylene Glycol 3.02 0 0 U 0 0 3.02 E! t)

'Avniittblc front [CI Americas
2available From 0st
‘lm'nilablc front Pfizer, Inc. including tby'mol (0.064%). :ttcalyptoi {0.092%}, methyl salicylate (0.060%1,
menthol (0.042%). wrich (upto 11.3%]. alcohol (26.9%). helmet“; an id. poloxsmer 40?. sodium bemoatc. andcaramel color
‘Availsble from Grain Processing Corporation as Pure Cole Iii-‘92
"Availablc from Sclicring Corporation as C'Iaritin
aAVilllAlblC from Huyashibnrn Biochemical Laboralorics, l.nc.. Jupait

loratadine coated at an 80% active level and 20% coating
using Eudragit E—IOO, this mixture was added slowing with
mixing until the drug was evenly dispersed. approximately 5
ntin. The liquid was then deposited into the 3 roll coater
(reverse roll coater) and coated at 30 microns at a line speed
of] .3 mfmin. The oven temperature was set at 90° C. to apply
air and heat to the bottom only. with an air velocity set at 40
nu‘sec. The dried film was 0.005 inch. thick (5 mil} and was
cut into 1 in.><0.75 in. pieces weighing 70 mg+l—0.7 mg,
demonstrating the ttniformity of the composition of the film.
The film was flexible with 5% moisture. free of air bubbles.

and had uniform drug distribution as seen under the light
microscope. as well as shown by the substantially identical
weight titeasurements of the film pieces.

Examples BA—BI

The incorporation of the anti-fiiamingi’de-foaming agent
(i.e._. simethicone) provided a film that not only provided a

50
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Examples (TA-CC

The following examples of the present invention describe
films and film-forming compositions that use an ethoxylated
caster oil as a surfactant, or alternatively are free of surfac-
tants. plasticizers andt‘or polyalcohols. Desirably. the films or
film-forming compositions ofthe present invention are essen—
tially free of surfactants. Moreover. the films or film—forming
compositions of the present invention are desirably formu-
lated to be essentially free of surfactants. Furthermore. the
films or film-forming compositions of the present invention
are desirably formulated to be essentially free of plasticizers.
Still furthermore, the films or film-forming compositions of
the present invention are desirably formulated to be essen-
tially free ofpolyalcohois. Moreover. the films or fihn—lorm—
ing compositions of the present invention are desirably for—
mutated to be essentially free of surfactants and plasticizers.
I-‘urthemtore. the films or film-forming compositions of the
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present invention are desirably formulated to be essentially
free of surfactants. plasticizers and polyalcohols.

TABLE 10

{parts by wt.l
Ingredient CA

POLYMERS:

Hydroxypropylmefliyl cellulose 15.6
Cornstarch l 10.41
Polyvinylpyrmlirlonc 1 [1.41
Xanthnn Gtun 1.14
SURFACTANTz: 2.0
PIAS'IICIZEIG; 11.6?
ANTI-FOAM AGENT“I 2.44
OTHER

Spearmint Flavor 10.43
loratarline tdnlgl 16.62
Calcium Carbonate 5.54
Sweetener 9.36

Iflvailnblc from Grain processing Corpomlini: as l’ure Cole 3792
2Ethoxylatv.‘d caster oil, Crcmoplior CE- EL availablc from BASF
sPropylene Glycol
"Silieonc finmlsion

The above ingredients were added at 30% to 70% water
and stirred until polymers were fully hydrated which took 45
min. The mix was then put under vacuum to eliminate
entrapped air. Vacuum was added in a steady manner starting
at 500 nun and progressing up to 760 nun over 45 min.

After release of the vacuum. 6 grams of the liquid was
added to a coating paper using a 200 micron spiral wound rod
and a K Control Coater Model 101 (RK Print Coat Inst. Ltd . ).
The paper substrate onto which the coating was added was a
silicone coated paper. The coated paper was then dried at 90°
(7. until about 5% moisture remained. The formula coated and

dried to a film thickness of approx. 60 microns and quickly
dissolved in the mouth.

TABI..-E l 1

(parts by wt.}
ingredient CB

POLYMERS:

Hydroxypmpylmcthyl cellulose 15.6
Cornstareh' 10.41
Polyviuvlpyrrolidone 10.41
Pl.-\S'I'IC IZF. IUSOINIENT": 22. I
ANTI-FOAM AGENT“ 2.44
OTHER

Raspberry Flavor 0.3
Calcitun Carbonate" 30.33
Sweetener 8.36

'Availablc from Grain Processing Corporation as l’ure Cole Bi")?
EPropylcne Glycol
‘Polydimhyt snout: Emulsion
JIilirlt:lit:u'te't‘l to mimic drug loading

The above ingredients were added to water at 40% until a
homogeneous suspension was made. Vacuum was added over
20 min. starting at 500 mm Hg. and ending at 660 mm Hg.
until all air was removed from suspension. Film was made as
described in prior experiments. The liquid coated the silicone
release substrate and dried to a uni form flexible film. The film

passed the 180” bend test without cracking and dissolved in
the mouth.

ll]

3U

35

4t:

45

50

55

6t;

50

TABLE 12

(parts by wt.}
Ingredient Cf
POLYMERS:

Hydroxypropylmedtyl cellulose 18
I-Iydroxypropyl cellulose 18
AN‘l‘l—l-'()AM AGENT" LLTS
OTHER

Peppermint 3r Bittermint Flavor 2.25
'l'astetuasking Flavor" LJ.3
Calcium Carbonate“ 15.2
Sweeteners 0.9

Jl’olgnri'Irnellryi Siloxune Emulsion
2Proswcet from Virginia Dave
JFurteliortcd to mimic drug loading

The above ingredients were added at 30% to 70% water
and stirred until polymers were fully hydrated which took 20
min. The mix was then put under vacuum to eliminate
entrapped air. Vacuum was added in a steady manner up to
760 mm over 35 min.

After release of the vacuum. the liquid was added to a
coating paper using a 350 micron smooth bar and a K Control
Coater Model 101 [RK Print Coat Inst. Ltd}. The paper
substrate onto which the coating was added was a silicone
coated paper. The coated paper was then dried at 90“ C. until
about 4% moisture remained. The formula coated and dried to

a film. The film had an acceptable taste and quickly dissolved
in the mouth. The taste-masking flavor is an ingredient that
affects the taste receptors to mask the receptors from regis-
tering a different. typical undesirable. taste. The film passed
the 1800 bend test without cracking and dissolved in the
mouth.

Example CD

The following example of the present invention describes
films and film-fomting compositions that use a taste-masked.
phannaceutically active agent which also contains flavors and
taste-masking aids. A taste-masking flavor is an ingredients
that effects taste receptors to mask the receptors from regis«
tering a different. typically undesirable. taste.

TABLE 1 3

tgrsrus}
ingredient CD

Hydroxypropylmelhyl cellulose 4.26
Hydroxypropyl cellulose 1.42
Precipitated calcium Carbonate 1.22
Sweet m1 as
Taste-Masking Flavor" [L08
‘l'sste—Inasked Acetaminophen-l 5.86Cimumon Flavor 0.9

Speannint Flavor 0.43
Polydiruefllylsiloxmte emulsion v.23

JEincralosc. available from McNeil Ntltnlionals
lMagna Sweet. available from Marco Worldwide Corp.
sGutle Enteric. coated acetaminophen. Gane. LLC

The above ingredients. except for the pharmaceutically
active agent and flavors. were added at 35 grams water and
stirred untii polymers were fully hydrated which took about
20 min. Food coloring (it drops of red food coloring and 1
drop of yellow fool coloring} was also added. The mix was
then put under vacuum to eliminate entrapped air. Vacuum
was added in a steady manner starting at 500 mm and pro-
gressing up to 760 mm over about 10 to 20 minutes. The

Page 62



 
Page 63

US 8,603,514 BZ

51

tasteninasked Acetaminophen was added to the mix in about 4
minutes was stirring under vacuum. The flavors were then
added to the mix in about 4 minutes was stirring undervacuum.

After release ofthe vacuum. the liquid solution was added
to a coating paper using a 350 micron smooth bar. The paper
substrate onto which the coating was added was a silicone
coated paper. The coated paper was then dried at 90“ C. for
about 11 minutes until about 3% moisture remained.

The formula coated and dried to a film. The film had an

acceptable taste and moderately quickly dissolved in the
mouth. The film did not curl on standing. The film passed the
180° bend test without cracking and dissolved in the mouth.

While there have been described what are presently
believed to be the preferred embodiments of the invention.
those skilled in the art will realize that changes and modifi-
cations may be made thereto without departing from the spirit
ofthe invention. and it is intended to include all such changes
and modifications as fall within the true scope of the inven-
tion.

Examples (“E—CF

Thin film compositions of the present invention were pre-
pared using the amotmts described in Table 14.

TABLE 14

Componenl Weight lg!

Hydmxypmpylmethyl cellulose 3.92Pttllulan 3.92
‘l‘reiialoscl 3.5
Precipitated Calcium Carbonate 3.35
Propylene Glycol L96
Simedticone'? 0.35
Bovine Fatlt'nctJ 32.5
Water £13.

limits“: from Cnrgill inc.
"Available From Sentry
"Avsilnblc from Amarillo Biosoienecs Inc.

The above ingredients were combined by mixing until a
uniform mixture was achieved. A suificient amount of water

was present in the film compositions prior to drying. in. q.s.,
which may range between about 200 g to about 1000 g. The
bovine extract protein contained in the compositions is a heat
sensitive protein. Afier mixing. the compositions were cast
into films on release paper using a K-Control Coater with a
250 micron smooth bar.

In Example CE. the films subsequently were dried in an
oven at approximately 80° C. for about 6 minutes. The films
were dried to about 4.3 percent moisture. In Example C F. the
films were dried in an oven at approximately 60° C. for about
10 minutes. The films were dried to about 5.06 percent mois-
ture. After drying. the protein derived from bovine extract.
which was contained in the films. was tested to determine

whether or not it remained substantially active. To test the
activity. a film dosage unit of this example was administered
to a human. After ingesting the dosage, a microarray on the
ltuman’s blood was conducted. The results. listed in Appen-
dix A which is incorporated by reference herein. and graphi-
cally represented in FIG. 32. demonstrate that the protein was
approximately 100 percent active in the fina I. dried film prod-
ucts of both Examples C13 and CF. Therefore. the heat sensi-
tive active did not substantially degrade or denaturize during
the drying process.

Example CG

'l'hin film compositions of the present invention were pre-
pared using the amounts described in Table 15.

.3
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TABLE 1 5

Weight
jg tmlcss otherwise indicatch

Component (Ti (.‘H

Hydruxy‘propyirnediyl cellulose 4.59 9.18
IIydroxypropyi cellulose [.53 3.06
b‘ticrnlose1 t]. T 1.4
Magus Swr-et'“ ILL'J‘J H.135
Precipitated calcium carbonate 2.0 4
Fateoated dextromethorplum 5.96 1 I .93
hydrobromitie
Orange concentrate flavor IIJF 2.1
Prosweet MM24’ 0.18 n35
Propylene glycol [.22 2.45
Siniethiconc" 0.18 0.35
Water 32.5 65
Red food color 4 drops-
Yeiiow food color (1 drops

JAvailnhlc from McNeil Nulrilioual
'iTasle-masking fis vor. availa blc from Mafeo Worldwide Corp.
"Taste-owl:ng flavor. available From Virginia Dare
"Available from Sentry

The above ingredients in the amounts listed for CG were
combined by mixing, and then cast into two films on release
paper using a K-Control Cooler with a 350 micron smooth
bar. The films were subsequently dried according to conven-
tional drying techniques, rather than via the uniform drying
process of the present invention. One film was dried in an
oven at 80° C. for 9 minutes on a wire rack. The second film
was dried in an oven at 80° C'. for 9 minutes on a wire screen.

Both films were dried to about 2.4 percent moisture.
The resulting dried films showed imprints of the wire rack

and screen after drying. These configurations comprise
imprints ol‘wire supports typically used in the drying process.
Without uniform heat diffusion. the wire supports conducted
heat more intensely at the points ofcontact with the substrate,
leading to increased evaporation at these points. This caused
more vigorous mixing, thereby pttlling more particies to the
contact points. The result is increased particle density seen as
aggregations at the contact points.

The solution was cast into two more films on release paper
using the K-Conlrtol Cooler with a 350 micron smooth bar.
These films were dried by the process of the present inven—
tion. under the same time and temperature conditions as
above. In particular. the films were dried in an 80" C‘. air oven
for 9 minutes on trays lined with fumace filters. which unj-
formly disperse heat. The films were dried to about 1.89
percent moisture. The resulting films had no streaks. and were
homogenous. Due to uniform heat diffusion throughout the
film, no particle aggregations developed.

Example CH

The ingredients in Table 15. in the amounts listed liar CH.
were combined by mixing. and then cast into three films on
release paper using a K~Control Center with a 350 micron
smooth bar. The films were dried for 9 minutes in an 80° C. air

oven on trays lined with furnace filters. which uniformly
distribute heat. The films were dried to about 2.20 percent
moisture. As depicted in FIG. 17. the dried films 200 had no
streaks. and were homogenous. i.e.. no particle aggregations
developed. The active particles appeared intact in the dried
films. The films exhibited adequate strength and passed the
180° bend test without cracking. in which the films are bent in
half with pressure.

The mixed solution was cast into three more films on

release paper using a K-(Tontrol Center with a 350 micron
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smooth bar. These filtns similarly were dried for 9 minutes in
an 80” C. air oven. but by conventional top and bottom drying
means. Two of the films were dried on wire racks. while the
third was dried on a wire screen. All three films were dried to

about 2.65 percent moisture. The dried films showed the
imprints of the wire racks and screen. for the reasons
described above in Example CG.

More particularly. the dried films 100 exhibited aggrega—
tions 110 ofparticles in both line and diamond configurations.
as shown in FIGS. 9-16. These configurations comprise
imprints ofwire supports used in the drying process to display
the disuniformity in heat transfer which occurs in conven~
tioual top and bottom drying. As dismissed above. the wire
supports conducted heat more intensely at the points ofcort-
tact with the substrate, leading to increased evaporation at
these points. This caused more vigorous mixing, thereby
pulling more particles to the contact points. The resulting
increased particle density at the contact points is depicted in
FIGS. 9-16.

Moreover, the fat—coated dextromethorphan particles cott—
tained within the films ofthis example were not destroyed by
the drying processes. FIGS. 28-31 depict fat-coated dex-
tromethorphan particles 500 prior to any processing. and
particularly. their substantially spherical shape. After expo-
sure to drying conditions of 80° C. for 9 minutes. the fat-
coated drug particles 500 were found to have remained intact
within the films. i.e., maintained their spherical shape. as
shown in FIGS. 18—25. Although the active particles were
exposed to potentially deleterious temperatures. they did not
degrade. In contrast. fat-coated dextromethorphan particles
placed in an evaporating dish and heated in an air oven at 80°
C. for 9 minutes substantially degrade. As seen in FIGS. 26
and 2?. the fat-coated dextromethorphan particles appear
completely melted after lhe exposure.

Example CI

Thin film compositions of the present invention were pre-
pared using the amounts described in Table 16.

‘I‘ABI .13 16

Weight. (g unless
Component otherwise indicated)

I-Iydroxypropylcellulose 6.00
Polyethylene oxide 100
Sucralosc' [Liv-t
Magma sweet2 0.09
Mixture of microcrystalline 0.18
cellulose and sodium
carboxyntethylcellulose"
Precipitated calcium carbonate 1.55
Sildenafil" 2.91
Peppermint & binen'nint flavor I35
Prosweet5 0.44

Masking flavor6 |.3]
N.2.3-trimethyl-2- {1.075
isopropylbutansmlde"
Simctliicmles 0.035
Water 32.5

Blue food coloring 3 drops

'Availnblc from McNeil Nutritional
zTasle-maskiug lhivor. available From Mateo Worldwide Corp.
3.th'iccl C‘I.-6l 1. available fivm FMC Biopclyrncr
"Available from Pfizer. Inc. as Viagra xiv
aTaste-n1asking. flavor. available from Virginia Dare
“Available from Urlgercr and Co.
lCooling agent
sfimilablc from Sentry
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The above ingredients were combined by mixing until a
uniform mixture was achieved. and then cast into two films on

release paper using a K-Control Coater with a 350 micron
smooth bar. One film was dried for 10 minutes in an 80" C. air
oven to a moisture level of 3.52%. while the second film was
dried for ID minutes ill an 80° C. air oven to a moisture level

of 3.95%. The dried films had adequate strength and tear
resistance. The films passed the 180° bend test without break-
ing. The films also dissolved at a moderately fast rate in the
mouth and exhibited an acceptable flavor.

As mentioned above. the controlled drying process of the
present invention allows for uniform drying to occur.
whereby evaporative cooling and thermal mixing contribute
to the rapid formation of viscoelastic film and the “locking-
in" of uniformity of content throughout the film. One ofthe
additional advantages ofthe present invention is that the film
composition reaches its viscoelastic state. and even the fully
dried state. without exposing the components of the compo-
sition to temperatures which will cause them to be altered or
unusable for their intended pltf'pOSC. For example. heat sen-
sitive drugs. proteins. flavors. SWecteners. volatile compo-
nents. antigens. antibodies and the like. readily decompose at
certain temperatures becotne inactive or denature. making
them ineffective for their intended use. In the present inven-
tion, due to the combination ofa short heat history required to
dry. and the controlled non-top-skinning drying process. the
film composition never need to attain the oven temperature
[or other heat source) to reach [he dried state. To demonstrate
this. films were made in accordance with the present inven-
tion and dried as discussed below. A first thermocouple was
placed within the film and a second thermocouple was sus-
pended in the oven in order to measure the temperature dif-
ferential between the oven environment and the film compo-
sition during the drying process.

To measure the temperature differentials, a thermocouple,
which was connected to a Microthcrma l thennometer. was

placed within the films. and another thermocouple was sus-
pended in the drying oven. Temperature readings in the films
and even were recorded every 30 seconds during the drying of
the films.

The thermocouple results for the lirst film are listed in
Table 17 below. and graphically represented in FIG. 33. The
results for the second film are listed in Table 18 below, and
graphically represented in FIG. 34. The results show that even
after 10 minutes ofdrying. the temperatures of the film were
substantially below (at least about 5° C.) the oven environ-
ment. Films dried for less than 10 minutes may experience
significantly greater temperature differentials. For example.
drying for 4 to 6 minutes. which is a particularly desirable
time frame for many films of the present invention. produces
differentials of about 25° C. to about 30° C. Accordingly.
films may be dried at high. potentially deleterious tempera-
tures without harming heat sensitive actives contained within
the films.

TABLE 1 7

Tittle
[Mi IL] Probe Temp {'-' (1‘. t Oven Temp {'-' C.)

I} 42.7" T8
1 48.1 80
2 48.8 81
I fill 8!]
4 211.6 SD
5 53.6 Stir
c 56.8 tsl't
? 61.4 80
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TABLE 17-continued

Time

[Mimi Probe Temp i“ C.) Ovchcmp [" (.‘J
8 66.8 80
9 ill? 80

W ?o.1 30

TABLE 18

Probe Temp Oven Temp
Time (Mint {"0} ("(7.1

n 44.4 ‘1'?
1 49.8 81
2 49.2 81
3 49.4 no
4 51 3|)
5 52 80
6 55 80
7 $9 m
8 64.5 30
9 69.8 80

lo “34.4 so
 

Example CJ -DB

The lollowing examples describe film compositions of the
present invention. which contain water—soluble polymers
including polyethylene oxide (PEO) alone or in combination
with liydroxypropyl cellulose (IlPC) or hydroxypropylm-
ethyl cellulose (I-iPMC). Thin film compositions were pre-
pared using the polymer amounts listed in Table 19.
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TABLE 1 9

Composition PEO {g} HPC {g} HPMC (gt

Cl 32 3
CK 24 16
CL 16 34
CM 8 32
CN 40
CO 8 33
(.‘P I6 24

(7Q 24 to
CR 32 8
CS 40
CT 4 36
CV 6 34
CV 32 8
CW 24 16
CX I6 24
CY 8 32
CZ 40
DA 4 36
DB 6 34 

The above polymer components were combined with equal
amounts of precipitated calcium carbonate (mimics drug
loading}. simethicone emulsion. and water to fonu the film
compositions. The components were combined by mixing
until a uniform mixture was achieved. and then cast into films

on release paper using a K—Control Coater with a 350 micron
smooth bar. The films then were dried for about 9 minutes at

80° (T. in accordance with the present invention. The film
compositions were tested for various properties. the results of
which are described in Table 20 below.

 

 

TABLE 20

Composition Solution Solution % 180" Dissolulion
of Polymer in Coating Leveling Moisture Bend Test

(.‘mnpoeition Film Rating Rating in Film Test (seconds) Curl Test

Cl 20% HPMC! well well 2.9 Failed at 12. 15 Curl
at1% HPC crease

CK 40% HPMC." well well 1.?0 Failed at 21. 22 Curl
om HPC crease

(Tl. fii'IP/a HPMCI well well 2.4” Failed :tl 24, 3? Curl
40% UK“ crease

CM SIP/3 HPMC.’ well well 2.?6 Failed til 31. 3] (furl
20% I-IPC crease

CN 100% [-IPMC reasonably well 2.66 Failed at 35. 33 Carlwell crease
(‘0 10% PEG." some well 2.2? Failed at 3] . "£2 Curl

90% HPMC streaking crease
Cl“ 15% l"EO.rr well well 3.31 Failed 24. 2? Curl

85% HPMC
CQ 20% PEO! well well 2.06 Passed 22. 31 Slight

80% HPMC curl
CR «1% PIEOI' well well 2.U1 Passed 1‘5. 12 Sliglil

60% IIPMC curl
CS film: PEOI well well 1.40 Passed 5. 6 Very

40% HPMC slight curl
(‘T 80% PEG? well well |.3."‘ Passed 5. r: Very

20% HPMC slight curl
(.71.? it.|¢'l% PliO well well [1,98 Passed 5. 5 No curl
CV 20% I-IPtCaf well well 1.0] Passed 5, 5 No curl

80% PEO
(.‘W 411% HPC!‘ wall well 2.00 Passed 6. 5 No curl

60% PEO

CK 60% l-IPC-" well well 0.9? Passed ".I“. ".I‘ Siighl
4<.I% PEO curl

CY 80% HPC.-" well well 1.4] Passed I2. 12 Very
20% P130 slight curl

CZ 85% IIPCI well well 1.36 Failed at 13. 14 Curl
15% PIEO crease

DA 90% HPCI’ well well 1.62 liaiied st 14. 13 (.‘url
10% PEO crease
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TABLE 20-continued

Composition Solution Solution % 180"
oI‘Polymcr in (“eating Leveling Moisture Bend

Composition Film Rating Rating in Film Test

DB 100% HPC well well 2.01 Failed .11
creme

The solution coating rating and solution leveling rating
were both based upon panel observations made during casting
of the film compositions.

For the 180° bend test. the dried films were placed in a
moisture analyzer (IlR73 Moisture Analyzer from Mettler
Toledo) to obtain percent moisture and to retnove any solvent
[e.g. water) remaining in the films afier drying at 80° C. in
accordance with the present invention. The films then were
creased to about 180° and observed for break. Films that

broke during creasing were considered a failure. If the film
did not break during creasing. a 200 g weight was dropped
onto the creased film from a height of about 8.5 nun. Films
that broke were considered a failure, and those that did not

break were considered a pass. It should be noted. however.
that this flexibility test is an extreme test. Films that failed this
test are still considered operable within the scope of the
present invention. More specifically, there tnay be certain
applications that do not require such extreme flexibility prop—
erties.

‘l'he films also were tested for dissolution rate. An approxi-
mately 20 rtun by 100 mm piece of film. having a 2.85 g
weight attached, was lowered into a 325° C. water bath to a
depth of about 50 mm. The time required for the film to
dissolve and separate into two pieces was determined (in
seconds).

For the curl test. samples ol‘Iihn (about 35 mm by 35 mm]
were placed on a glass plate in a laboratory window ledge.
The filtn samples were allowed to stand in the window ledge
at room conditions for two to three days and then were
observed for curling.

In accordance with the present invention. desirable film
compositions are flexible. fast dissolving. and not likely to
substantially curl. As indicated by the results in Table 20.
Compositions (TQ-CY performed best, exhibiting good flex-
ibility. dissolution. and curling properties. In particular. CotnA
positions CQ-CY passed the 180° bend test and dissolved at
moderate to fast rates. These compositions also exhibited no
or only slight curl . Accordingly. it may be desirable to employ
polymer components as in Compositions CQ-CY. particu-
larly about 20% to 100% PEO in the polymer component
optionally combined with about 0% to 80% Ill-’C or IIPMC .

It]

30

35

40

45

50

Examples DC-DG

The following examples of the present invention describe
films that include P130 or PRO-polymeric blends and an
active component. Thin film compositith with these com-
ponents were prepared using the amounts described in Table
21.

55

TABLE 21 6“

Weight lg unless otherwise indicated]

Component DC DD DE DF DG

Pitt)‘ 55
Sucralose

8.?3 ‘t
0.? 0.?

1.75 2
0.7 0.?

1.?5
0.?

58

Di mo It: I i on
Test

{seconds} Curl Test

16. 1 '1' Curl

TABLE 2 1 -continued

Weight lg unless otherwise indicated!

Component 13C DD DI‘. DI: DU

Precipitated calcium 3.65 3.65 3.65 3.65 3.65
carbonate
Orange concentrate 1.05 1.! I5 [.05 1.05 [.05
flavor
Vanilla 0.5 0.5 0.5 0.5 0.5
IIPMC l .25 2.0
H PC 1 3'5 7.0
Sin‘tefl‘tieone’ 0.35 0.35 0.35 0.35 0.35
Water 32.5 32.5 32.5 32.5 32.5
I.t:Iralnt‘lint:3 2.5 2.5 2.5 2.5 2.5
Yellow food coloring 3 drops 3 drops 3 drops 3 drops 3 drops
Red thori coloring 2 drops 2 drops 2 drops 2 drops 2 drops

JAvailablc front the Dow; Chemical Company
BAvailnhI: from Sentry
3Available From Seltering Corporation as C'lnritin

The above components for each of Compositions DC

through DG were combined by mixing until a uniform mix-

ture was achieved, and then cast into films on release paper

using a K-Control Center with a 350 micron smooth bar. The
films were dried for about 9 minutes at 80° C. in accordance

with the method ot'the present invention to varying moisture
levels.

After drying. the films were tested for various properties.
including the 180” bend test, dissolution test, and curl test. as
described above in Examples CJ-DB. The films also were
tested for resistance to tearing. Tear resistance was measured
by a panel test in which members tried to tear the film apart by
pulling on opposing ends of the film. Films that tore cleanly
received a low grade. films that stretched a little and began to
break received a moderate grade. and films that stretched and

were difiicult to tear received a high grade.

Composition DC. which included a 100% P130 film base.
was dried in accordance with the method of the present inve -
tion to about 1.30 percent moisture. The dried film had good

strength. and passed the 180° bend test. The film also exhjb~
ited good resistance to tearing {high grade]. The film dis-
solved at a fast rate on the tongue. and had a dissolution
testing rate o I about 3.5 to 4 seconds. The film exhibited no
curling.

Composition DD. which included an 80%!200/6 PEOi’
HPMC film base. was dried in accordance with the method of

the present invention to about 2.30 percent moisture. The
dried film exhibited adequate strength. and passed the 180”
bend test. The film also exhibited good resistance to tearing.
It dissolved at a moderate to fast rate on the tongue. and had
a dissolution testing rate of about 5 seconds. The film exhib—
ited sliflit curling.

Composition DIE. which included a 2093/8096 PliiOIt-IPMC
film base, was dried in accordance with the method of the
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present invention to about 3.0 percent moisture. The film had

good strength. and passed the 180° bend test. The film exhib-
ited moderate tear resistance, dissolved on the tongue at a
slow rate. and had a dissolution testing rate of] 6 seconds. The
fihn exhibited some curling.

Composition DF. which included an 80%!200/6 PEOIHPC
fihn base. was dried in accordance with the method of the
present invention to about 2.52 percent moisture. The film
exhibited good strength passed the 180° bend test, and exhib-
ited high tear resistance. The fihn also dissolved at a fast rate
on the tongue. and had a dissolution rating of4 seconds. The
film exhibited very slight curling.

Composition D0. which included a 20%!80023 PEOfl-IPC
film base. was dried in accordance with the method of the

present invention to about 2.81 percent moisture. The film had
adequate strength. passed the 180° bend test. and exhibited
moderate tear resistance. The film dissolved on the tongue at
a fast rate. and had a 10 second dissolution testing rate. The
fihn exhibited no curling.

As indicated above. each of Compositions DCADG con—
tained about 20% to 100% PEO in the polymer component.
optionally in combination with varying levels of HPC or
I-1PMC. The results indicate that varying the polymer com-
ponent achieved different film properties.

Examples DI'I-DZ

The following examples ofthe present invention describe
films that include P1910 or PEO-l—lPC polymer blends. The
film compositions include PEO of varying molecular
weights. Thin film compositions with these components were
prepared using the amounts described in Table 22 (listed by
weight percent of the polymer component).

Composition

DH
DI
DJ
DK
D1.

DM

DN

Dl‘

DR
US
[If
DU

DV
DW
DX
DY
DZ

10

3o

60

TABLE 22

HILOOU EOIILUUEI 300.0% DOIIIJSIOEI
PF.0 P130 P130 P150 HPC‘

Composition (wt. 0/0] twt. %) lwt. We] twt. We) lot. We)

DH 20 80
DI 50 so
DJ Stl 20
UK it} 5U
D1. 6? . :‘t 32 .5
DM 'i‘t‘t 30
DN 75 25
D0 mo
DP 50 5“
DQ 100
DR I t I 9t 1
DS 20 80
DT 40 ll) 50
DU 25 [5 so
DV 20 8,0
DW so 20
DX St) 20
DY 50 fit I
DZ 20 St}

The above polymer components were combined with
sucralose. precipitated calcium carbonate [mimics drug load-
ing), orange concentrate flavor. Tween 80 (available from 1C1
Americas), vanilla flavor. simethicone emulsion. water. and
yellow and red food coloring to form the film compositions.
The components were combined by mixing tintii a uniform
mixture was achieved, and then cast into films on release
paper using a K-Control Coater with a 350 micron smooth
bar. The solution coating and leveling properties were
observed. The films then were dried for about 9 minutes at 80"

C. in accordance with the method of the present invention.
The film compositions were tested for various properties to
determine the effect ofvarying the PEO molecular weight and
level in the polymer component. the results of which are
described in Table 23 below.

TABLE 23

Film Rooi'of Dissolution
diickness % Month 180' Bend Test Tear

tmilst Moisture Tendency Test {seconds} Resistmtce

3.5 2.5 low passed 15 poor
3.8 101 low passed ‘5' moderate
2.6 2.63 high passed 3 excellent
3.4 2.35 low passed 4 poor
3.3 1.24 low passed 4 good to

excellent

3.5 1.68 low passed 4 good to
excellent

3.3 2.33 moderalc passed 3 good to
excellent

3.1 2.14 high passed 4 excellent
4.1 1.33 high passed 3.5 poor
3.2 2.0? high passed 4 good
3.4 1.90 low passed 10 poor
3.5 2.04 low passed It] poor
3 3 2.25 moderate passed 5 good
"i 6 2.84 low to passed 6 moderate

moderate

2.5 3.45 high passed 2 excellent
2.5 2.83-1.68 high passed 3-4 excellent
3.5 2.08 high passed 5 excellent
3.8 1.67 high passed 3 exoellent
2.5 1.8931133- high passed 3 excellent
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The films were tested for various properties. including the
180" bend test. dissolution test. and tear resistance. as
described above. The films also were tested for adhesion. i.e.._
tendency to go to the roof of the mouth. Adhesion was rated
by a panel test in which films that did not stick to the rooi‘of
the moth received a low grade. films that stuck somewhat
received a moderate grade. and films that stuck completely
received a high grade.

As indicated above. the level and molecular weight of PEO
in the polymer component were varied to achieve different
film properties. In general. the higher the level of PEO in the
polymer component. the greater the adhesiveness and tear
resistance exhibited by the film. Film compositions contain-
ing about 50% or greater levels of PEO attained higher tear
resistance ratings than those with less than 50% PEG. The tear
resistance of lower levels of PEO, however. was shown to be
improved by combining small amounts of higher molecular
weight PEOs with the lower molecular weight PIS-Os (cg.
Compositions DT and DU).

Compositions containing about 20% to 75% PEG per-
formed best with respect to adhesion prevention (lower ten—
dencies to go to the roof of the mouth]. Compositions con;
taining higher levels of PEO performed well when adhesion
was desired.

As regards dissolution rate, polymer components contain-
ing about 50% or higher levels ol‘ PEO perlormed best. pro-
viding faster dissolving film compositions. In those films
containing combinations of varying molecular weight PEOs.
those with about 60% orhigher ofthe lower molecular weight
PEOs 000,000 to 300,000) in the PEO combination dis-
solved faster.

Example EA

The following example of the present invention describes
films that include PEO and polyvinyl pyrrolidone (PVP)
polymeric blends. Thin film compositions with these compo-
nents were prepared using the amounts described in Table 24.
In particular. the polymer component of the films contained
about 80% PEG and 20% PV'P, ora ratio ot‘4zl PEO to PV’P.

TABLE 24

Weight [g unless
 Component otherwise noted)

P‘v‘l’ 3.25
PEO IS
Sucrttloscl l .5
Precipitated calcitun carbonate 14.53r
Orange concentrate flavor 2.25
'l'wecrt sn’ urns
Simedticone" 0.38
Water 62.5
Yellow food color 6 drops
Red food color 4 drops

JAvailable from McNeil Nutrlllolials
EAxailoblc from Fisher
{Available from Sentry

.3

10

3o
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The above components were combined by mixing until a
uniform mixture was achieved. and then cast into films on

release paper using a K-Control Coater with a 350 micron
smooth bar. The films were dried for about 9 minutes at 80° C .

in accordance with the method of the present invention to a
moisture level of about 2.19%. The films exhibited good
strength. dissolved in the mouth at a moderate to last rate. had
high tear resistance, a thickness oi‘about 4 mils. good flavor.
low tendency to adhere to the roof of the mouth. and passed
the 180" bend test. The film had a dissolution rate of 4 sec-

onds. according to the test described above. In addition. the
film easily released from the release paper.

Example EB-ED

The following examples of the present invention describe
extruded films that include PEG-based polymer components.
Film compositions were prepared using the amounts
described in Table 25 for Example EC and Table 26 for
Example I31).

TABLE 25

WEIG HT it: unless
COMPONENT otherwise noted?

III’C 1‘3. 1'3

Polyethylene oxide 153.22
Suerslose 13.16

Precipitated calcium carbonate 176.38

Orange concentrated flavor 22.24
Tween 80 0.68

Simethicone 4.54

Yellow food coloring 2? drops

Red food colorng IS drops

TABLE 26

WEIGHT is unless
COMPONENT othem-‘ise netetll

Polyethylene oxide 22?
Sircralosc 18. I6
Precipitated calcium carbomte 176.33
Orange concentrated flavor 22.24
Tween lit] [1.68
Simethicone 4.54

Yellow food coloring 2? drops
Red lbod coloring 18 drops

The films of Examples FIB-ED were extruded using a
single screw extruder in accordance with the specifications
provided in Table 27 below (temperatures are in ° F.).

 

TABLE 27

Temp. Temp. Temp. PS]
Barrel Barrel Barrel Temp. Temp. Temp. Pressure

(Tompcsitlon RPM Zn.1 73.3 Zn.3 7.11.4 Die Melt 1’] P2 Amps

EH 7']- ITS Nil 185 190 l9“ 194 600 1231:} [2
BB 153 1?? 18] 199 2]] 210 21? 175 1020 1.8
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TABLE 27-continued

'I'emp. Temp. Temp.
Barrel Barrel Barrel Temp. Tcm p. 'l‘clup.

Composition RPM Zn. | 7.11. 3 Zn. 3 Zn. 4 Die Melt

iii) 25]- ITS 181 200 21I 210 222
ED 109 ITS 181 201) 211 Ell? 20?
EC [09 HS 181 200 EH 2113 21?
EC 149 I?5 2th: 226 243 239 253

More specifically, for Example EB. two pounds of PEO
having a molecular weight of about 200.000 Were weighed
and placed in a polyethylene plastic bag. This P150 flush was
then extruded according to the specifications in Table 27.

For Example EC. a blend ofthe components listed in Table
25 was prepared. The HPC. PEO, sucralose. and precipitated
calcium carbonate were placed in a large electric blender and
allowed to mix. A solution of orange concentrate flavor and
Tween 80 was added to the blender while mixing. alter which
a solution ofsililetliiCtille and the food colors was added to the

blender while mixing. The blended composition was
extruded in accordance with the specifications in ‘l‘able 2?.

For Example ED. a blend ofthe components listed in Table
26 was prepared. The PEO. sucralose. and precipitated cal-
cium carbonate were placed in a large electric blender and
allowed to mix. A solution of orange concentrate flavor and
Tween 80 was added to the blender While mixing. after which
a solution ofsimethicone and the food colors was added to the

blender while mixing. The blended compOsition was
extruded in accordance with the specifications in Table 27.

The extruded films did not exhibit stickiness to each other

during processing. As such. the resulting film could be rolled
or wound onto itself without the need for a backing material.

lixamples lili-I-il-I

The following examples ol'the present invention describe
films that include a densil‘yi ng agent. A thin film composition
including PEG-polymeric blends and a densifying agent
(simethicone) were prepared using the amounts described in
Table 28.

TABLE 28

Weight 52 unless otherwise indicated!

Component FF. Iii: EG iii-I

I-Iydroxypropylcellulose 3.05 3 .05 3.05 3.05
Polyethylene oxide 6.33 6.33- 6.33 6.33Sticnllosc 035 0.?5 035 £175
Precipitated calcium carbonate 1.47 7.4? "1.09 7.09
Orange concentrate Flavor 1.12 1.12 1.12 1.12
Tween 30 0.02% 0.028 0.023 0.028
Sirnctlticonc It 1'! [1,38 0.38
Water 31.25 31.25 31.25 31.25

Yellow food Coloring 3 drops 3 drops 3 drops 3 drops
Red food coloring 2 drops 2 drops 2 drops 2 drops

‘lhe densities of these thin film comprisitions were mea-
sured. the results of which are shown in Table 29.

TABI..-F, 29

Composition Average Weight of FilmeDensity

lili
EF

146.5 mg! I . I 23
126.5 ntgr'0.969

3o
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PSI
Pressure

P1 P2 Am ps

I I ml 6.3
III ltlttIID 5.0
I I 815 12.1
o 583 13

TABLE 29~continued

Cotrtposil ion Average Weight of I‘llnll’lknsity

156
131-1

137 rug-‘10“
Hemp-1.119

Vacuum conditions were added to two of the film compo-
sitions (Iii-7. and [El-I). Composition Eli contained 0% simethi-
cone and vacuum was applied. Composition EF contained 0%
simethicone and no vacuum applied. As shown in Table 29
above. the density increased with the addition of vacuum
conditions from 0.969 (Eli) to 1.123 (EH). Composition EG
contained 2% simethicone and no vacuum applied. Compo-
sition 1711-] contained 2% simethicone and vacuum was

applied. Again. density increased from 1.05?r (13(3) to 1.1 19
(1‘11 1). Overall. the density of the films increased from 0.969
(EF: no simethicone and no vacuum) to 1.057 (EG: simethi—
cone but no vacuum] to l . l l 9 (EH: simethicone and vacuum).

Examples El-EW

The following examples ol‘ the present invention describe
films that include Pl'iO or PEG-polymeric blends. In particu-
lar. PEO was combined with poiyvhiylpyrrolidone (PVP).
starch (pregelatinized modified corn starch]. sodium car~
boxymethyl cellulose (CMC). hydroxypropylcellu lose
[HPC)_. ltydroxypropylmethyl cellulose (l-ll’MC) or polyvi-
nyl alcohol (PV'A) to form the polymer components of the
films. Thin film compositions with these components were
prepared in accordance with the method 01‘ the present invert-
tion using the amounts described in FIG. 38.

In addition to the polymer components listed in FIG. 38.
each of these film compositions included: about 4% sucral-
ose. about 38.85% calcium carbonate. about 6% orange fla-
vor. about 0.15% Tween 80. about 1% simethicone. and food

coloring. The PEO included in the polymer component of
these examples had a molecular weight ol'about 200.000.

FIG. 38 also displays certain properties of these films,
including: percent solids of solution: viscosity: percent mois—
lure; film thickness: film strength: tear resistance of the film:
tendency of the film to go to the roof of the mouth; the 180°
bend test: whether molding. or aggregations. are present in
the film: dissolution times ol‘the film: rating oi‘dissolution in
the mouth: and time in drying ovon. liaeh of these film prop-
erty tests is described in detail above. The results of these
various tests are indicated in FIG. 38.

Examples EX-FK

The following examples of the present invention describe
films that include PEO or PEO~polymeric blends (with HPC)
and different active components. Thin film compositions with
these components were prepared in accordance with the
method oI‘lhc present invention using the amounts described
in Tables 30 and 31.
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TABLE 30 

Weiggl [in E. unless otherwise indicated;

 Component EX EY EZ FA F B FC FD

I-IPC 5.68 5.64 6 6.23 6.22 6.22
PEO 1.89 1.88 2 2.23 1.28 1.78 9.04
Sucmlosu: 0.84 0.84 0.4-4 0.66 0.84 0.84 0.44

Magma Sweet 0.08 0.08 0.09 0.10 0.09 0.09
Avicel CL 611' 0.18 0.18 0.18 0.20 0.18 0.13
Precipitated calcium carbonate 0.62 2.2 0.21 3.02
Dextmmethorphan 5.33 6.94
Caffeine 3.28
Tadalafilz 4.92
SildcmfiP 4.38
Loperamide‘| 2.8
Prusweet 0.18 0.18 0.20 0.51 0.18
Taste Masking Flavor 0.82 1.31 0.89
Peppermint 0.82
Peppermint Bittcrmask flavor 1.02
Vanilla flavor 0.56
Watermelon artificial flavor 1.33 1.23 1.22

Orange flavor 1.13
Hawaiian punch flavor 1.22
Strawbcny & crczu'n flavor 1.11
WES—235 0.025 0.025 0.025 0.084 0.025 0.025
ws-36 0.02 s
Simctlficoue 0.08 0.08 0.13 0.39 0.09 0.18 46.43

Propylene glycol 0.26 0.38 0.25 0.22
Water 32.5 32.5 32.5 32.5 32.5 32.5
Green color 5 5 5

drop drop drop
Rod color 2 5 2

drop drop lep
Blue color 3

drop
Yellow color 3

drop 

lMixlure ofmicrocrystalline Cellulose and sodium carbxymclhylccllulnsc. available From FMC Biopolymer
zfiwilablc from Lilly mus. Lot, 3. Cialis as
"Available from Pfizer. Inc. as Viagra 43'
“Available as imodium

ski-2,3-Ir|met1:yl-2-isuprropyl ML-Ilmlnidc
“'N-Elhyl-Irmnthanc-J—carboxamidc

TABLE 31 

Wei tin lmlessothem'iseindlcated

 Component FE FF F0 F1! F1 F1 FK

HPC 1.23 3.0.5 4.5 3.29 2.6 2.92 3.29
PEO 2.66 6.33 3 6.83 5.4 6.08 6.83
Sucralose 0.31 0.9 0.6 0.64

Magma Swmt 0.09
Avicel CL 611' 0.56 0.45
Pmcipilatcd calcium carbonalc 1.02 2.02 0.99 6.05 0.90 2.62 1.39
Mcloxicmn"! 1.92
RisperidoneJ 0.62
Zyrtec L19" 3.25
Five Grass Powder‘ 3.2m
Tea Tree 0115 4
Antibacterial concequaIe’ 6.12
Mite. mil-act3 6.82
Pmswuel 0.66
Taste Masking Flavor 1.41
Peppermint Bittcrmask flavor 2.81 2.24
Orange flavor 0.42
Strawbern' & cream flavor 1.5
W's—39 0.020 0.081 0.038 0.04
Tween 80 ([012 0.028 0.022 0.024 0.022
Simefllicone 0.03 0.19 0.15 0.32 0.16 0.18 0.3 2
Water 14.63 31.25 25 31.25 24 22 31.25
Red color 2 5

drop drop

66
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TABLE 31 -continued

  Wei III III lutlcss otherwise indicated

Component FE FF FG Fli Fl

Blue color 3 3
drop drop

Yellow color 3
drop

68

RT FK

'M'utlurc ol‘miermrystnllinc cellulose and sodiumearboxymclhyleeIlulose. available From FMC.‘ Biopolyntcr
3min”: as Mattie ot-
imiiablu as Risperdal s-
‘miiablc From Pfizer. Inc.
5Allergy Ircalrncrtt
“Antibiotic
JMEBHBSC T", avsihible I'mlrl Nicrosol Technologies
sAllergyu'cauncnt
9l‘l-Ell‘tyl-p—nw.‘nti'|:|ne-3«tarboxalnidc

The above components were combined by mixing until a
uniform mixture was achieved. and then cast into films on

release paper using a K—Control Coater with a 250 or 350
micron smooth bar. The films were dried for about 9 to 10
minutes at 80° (7. in accordance with the method of the

present invention resulting in dried films having adequate to
good strength.

While there have been described what are presently
believed to be the preferred embodiments of the invention,
those skilled in the art will realize that changes and modifi—
cations may be made thereto without departing from the spirit
ofthe invention. and it is intended to include all such changes
and modifications as fall within the true scope of the inven-
tion.

The invention claimed is:

l. A drug delivery composition comprising:
(i) a cast film comprising a fiowable water—soluble or water

swellable film—forming matrix comprising one or more
substantially water soluble or water swellable polymers;
and a desired amount of at least one active;

wherein said matrix has a viscosity suflicient to aid in
substantially maintaining non-self-aggregating unifor-
mity of the active in the matrix:

(ii) a particulate active substantially uniformly stationed in
the matrix; and

(iii) a taste-masking agent coated or intimately associated
with said particulate to provide taste-masking of the
active:

wherein the combined particulate and taste-masking agent
have a particle size ol‘ 200 microns or less and said
fiowable waterwsoluble or water swellable film—forming
matrix is capable ofbeing dried without loss ofsubstan—
tial uniformity in the stationing ofsaid particulate active
therein; and

wherein the uniformity subsequent to casting and drying of
the matrix is measured by substantially equally sized
individual unit doses which do not vary by more than
10% of said desired amount of said at least one active.

2. The drug delivery composition of claim 1, wherein the
size of said combined particulate and taste—masking agent
have a particle size of 150 microns or less.

3. The drug delivery composition of claim 1. wherein the
size of said combined particulate and taste-masking agent
have a particle size of 100 microns or less.

4. The drug delivery composition of claim 1. wherein said
taste—masking agent is a thin film coating overportions ofsaid
active.

5. The drug delivery composition of claim 1. wherein the
taste-masking agent is a polymer.

3U

35

40

45

50

55

6t;

6. The drug delivery composition ol‘claim ], wherein the
taste~masl<ing agent is a waterwsoluble polymer.

7. The drug delivery composition ofclaim 6. wherein said
water-soluble polymer has an average molecular weight of
equal to or greater than about 40.000.

8. The drug delivery composition of claim I. wherein the
taste-masking agent is selected from the group consisting of
acrylic polymers, cellulosic polymers, vinyl polymers, crown
ethers. hydrogenated oils and waxes. and combinations
thereof.

9. The drug delivery composition ofclaim 1. wherein said
variation of drug content is less than 5% by weight per film
dosage unit.

ll). The drug delivery composition ofclaim 1. wherein said
variation of drug content is less than 2% by weight per film
dosage unit.

ll.Tlie drug delivery composition ofclaim 1. wherein said
variation of drug content is less than 0.5% by weight per film
dosage unit.

12. The drug delivery composition ofclaim 1. wherein said
taste~masking agent is present in the amount ofabout 1 580%
by weight oflhe particle.

13. The drug delivery composition ofclaim 1 . wherein said
taste-masking agent is prcsent in the amount ofabout 20-60%
by weight of the particle.

14. The drug delivery composition ofclaim 1. wherein said
taste-masking agent is present in the amount ofabout 25-35%
by weight ofthe particle.

15. The drug delivery composition ofclaim 1 . wherein said
active is selected from the group consisting of antimicrobial
agents. non-steroidal anti-inflammatory drugs, anti-tussives.
decongestants, antihistamines, expectorants, anti-diarrheals.
H2 antagonists. proton pump inhibitors. genera] non-selective
CNS depressants, general non-selective CNS stimulants.
selective CNS functional modifiers. anti-parkinsonism drugs.
narcotics, analgesics, erectile dysflutctiorl therapies, anti-
pyretics. psychopltannacological drugs and combinations
thereof.

16. A thin film drug delivery composition comprising:

(a) a cast film comprising an edible water-soluble or water
swellable film-forming matrix comprising at least one
water—soluble or water swellable polymer comprising
polyethylene oxide alone or in combination with a
hydrophilic cellulosic polymer: and a desired amount of
at least one active;
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wherein said matrix has a viscosity suflicient to aid in
substantially maintaining non-self-aggregating unifor-
mity of the active in the matrix;

and

(b) a coated particulate active component substantially uni-
formly stationed in the matrix;
wherein the coating on the particulate active component

is a taste-masking agent. and
wherein the active component is substantially uniformly

distributed in the film composition: and
wherein the uniformity subsequent to casting and drying of

the matrix is measured by substantially equally sized
individual unit doses which do not vary by more than
10% of said desired amount of said at least one active.

17. The drug delivery composition of claitn 16. wherein
said thin film drug delivery composition is extruded.

18.'1‘he drug delivery composition ofclaim 1 6. wherein the
taste-masking agent is a thin film coating over the particulate
active component.

19. The drug delivery composition ofclaim 16. wherein the
taste—masking agent is a water—soluble polymer.

2|). The drug delivery composition ofclaim 16. wherein the
composition is free ofadded plasticizers. surfactants, or poly-
alcohols.

21. The drug delivery composition ofclaim 1. wherein the
taste-masking agent is selected from the group consisting of
carboxymethyl cellulose: methyl cellulose; ethyl cellulose:
hydroxyl methyl cellulose; hydroxyethyl cellulose; hydrox—
ypropyl cellulose; hydroxypropylmethyl cellulose;
lrydroxymethylpropyl cellulose; gum arabic; xanthan gum:
Lragacanth: acacia: carageenan: guar gum: locust bean gum:
pectin: alginates; gelatinized. modified or unmodified starch:
polyvinyl alcohol: polyacrylic acid: polyvinyl pynolidone:
poly(meth}acrylate; poly(meth)copolyiners; dextrin: dext-
ran; proteins; whey protein isolate; casein; levin; collagen;
chitin; chitosin: polydextrose and combinations thereof.

22. The drug delivery composition ofclaim 1. wherein said
active is selected from the group consisting oface-inhibitors.
antianginal drugs. anti-arrhythmias. anti-asthmatics. anti-
choleslerolernics. analgesics. anesthetics. anti-convulsants,
anti-depressants. anti-diabetic agents. anti-diarrhea prepara-
tions, antidotes, anti—histamines, anti—hypertensive drugs,
anti—inflammatory agents, anti—lipid agents, anti—marries. anti—
nauseants. anti—stroke agents. antinthyroid preparations. anti-
tumor drugs, anti-viral agents, acne drugs, alkaloids. amino
acid preparations. anti-tussives. anti-uricemic drugs. anti-vi-
ral drugs, anabolic preparations, systemic and non-systemic
anti-inlective agents. anti-neoplastics. anti-parkinsonian
agents. anti~rhetlmatic agents. appetite stimulants. biological
response modifiers, blood modifiers, bone metabolism regu—
lators. cardiovascular agents. central nervous system stimu-
lates, cholinesterase inhibitors, contraceptives. deconges-
tants. dietary supplements, dopamine receptor agonists,
endometriosis management agents. enzymes. erectile dys-
function therapies, fertility agents. gastrointestinal agents.
homeopathic remedies. homtones. hypercalcernia and
hypocalcemia management agents, immunomodulators,
imnnntosuppressives. migraine preparations. motion sickn
ncss treatments, muscle relaxants. obesity management
agents. osteoporosis preparations, oxytocics. parasym-
patholytics. parasympathomimetics. prostaglandjns. psycho-
therapeutic agents. respiratory agents. sedatives, smoking
cessation aids. sympatholytics, tremor preparations. urinary
tract agents. vasodilators, laxatives. antacids. ion exchange
resins. anti —pyretics, appetite suppressants, expectorants,
anti-anxiety agents. anti-ulcer agents. anti-inflammatory sub-
stances, coronary dilators, cerebral dilators, peripheral
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vasodilators. psycho-tropics, stimulants, anti-hypertensive
drugs. vasoconstrictors. migraine treatments. antibiotics.
tranquilizers, anti-psychotics. anti-tumor drugs. tutti-coagu-
lant's. anti-thrombotic drtigs, hypnotics. anti-emetics. anti-
nauseants. anti-convulsants. neurornuscular drugs. hyper-
and hypo-glycemic agents, thyroid and anti-thyroid prepara-
tions. diuretics. anti—spasmodics. terine relaxants. anti—obe—
sity drugs. erytluopoietic drugs. anti-asthmatics, cough sup"
pressants. mucolytics, DNA and genetic modifying drugs.
and combinations thereof.

23. The drug delivery composition ofclaim 1, wherein the
film limiting matrix has the viscosity in an autumn sufficient
to substantially prevent an active from settling out during
mixing or coating.

24. The drug delivery composition ofclaim 1. wherein said
taste-masking agent is selected from the group consisting of
flavors. sweeteners. flavor enhancers. Eu‘lcl combinations
thereof.

25. The drug delivery composition 0 l‘claim .l . wherein said
' active is an opiate or opiate derivative.

26. The drug delivery composition of claitu 16. wherein
said taste-masking agent is selected from the group consisting
of flavors, sweeteners. flavor enhancers, and combinations
thereof.

27. The drug delivery composition of claim 16. wherein
said active is an opiate or opiate derivative.

28. A drug delivery composition comprising:
(i) a cast film comprising a flowable water—soluble or water

swellable film—forming matrix comprising one or more
substantially water soluble or water swellable polymers;
and a desired amount of at least one active:

wherein said matrix has a viscosity sufficient to aid in
substantially maintaining non-self-aggregating unifor-
mity of the active in the matrix:

(ii) a particulate active substantially ttniforruly stationed in
the matrix; and

(iii) a taste—masking agent coated or intimately associated
with said particulate to provide taste-masking of the
active:

wherein the combined particulate and taste-masking agent
have a particle size of 200 microns or less and said
fiowable water—soluble or water swellable film—forming
matrix is capable of being dried without loss ofsubstan—
tial uniformity in the stationing ofsaid particulate active
therein:

wherein the uniformity subsequent to casting and drying of
the matrix is measured by substantially equally sized
individual unit doses which do not vary by more than
10% of said desired amount of said at least one active:
and

wherein the coated particulate active has a shape selected
from the group consisting of spherically shaped par-
ticles. ellipsoidally shaped particles. irregularly shaped
particles. and combinations thereof.

29. The drug delivery composition ol‘claim 28. wherein the
size of said combined particulate and taste~masking agent
have a particle size of l 50 microns or less.

30. The drug delivery composition ofclaim 28. wherein the
size of said combined particulate and taste-masking agent
have a particle size of 100 microns or less.

31. The drug delivery composition of claim 28. wherein
said taste-masking agent is a thin film coating over portions of
said active.

32. The drug delivery composition ofclaim 28. wherein the
taste—masking agent is a polymer.

33. The drug delivery composition ofclaim 28. wherein the
taste-masking agent is a water-soluble polymer.
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34. The drug delivery composition of claim 33, wherein
said water-soluble polymer has an average molecular weight
of equal to or greater than about 40.000.

35. The drug delivery composition ofclaim 28, wherein the
taste-masking agent is selected from the group consisting of
acrylic polymers. cellulosic polymers, vinyl polymers, crown
ethers. hydrogenated oils and waxes. and combinations
thereof.

36. The drug delivery composition of claim 28. wherein
said variation of drug content is less than 5% by weight per
film dosage unit.

37. The drug delivery composition of claim 28. wherein
said variation of drug content is less than 2% by weight per
film dosage unit.

38. The drtig delivery composition of claim 28. wherein
said variation ofdrug content is less than 0.5% by weight per
film dosage unit.

39. The drttg delivery composition of claim 28, wherein
said taste-masking agent is present in the amount of about
15-80% by weight oftlle particle.

40. The drug delivery composition of claim 28. wherein
said taste—masking agent is present in the amount of about
20-60% by weight of the particle.

41. The drug delivery composition of claim 28. wherein
said taste-masking agent is present in the amount of about
25-35% by weight ofthe particle.

42. The drug delivery composition of claim 28. wherein
said active is selected from the group consisting of antiini—
crobial agents. non—steroidal anti—inflammatory drtigs, anti-
tussives, decongestants, antihistamines. expectorants, anti-
diarrheals. l-l2 antagonists. proton pump inhibitors, general
non-selective CNS depressants. general non-selective CNS
stimulants. selective CNS limctional modifiers. anti-parkin-
sonism drugs. narcotics. analgesics. erectile dysfunction
therapies. anti—pyretics, psychopharmacological drtigs and
combinations thereof.

43. The drug delivery composition ofclaim 28. wherein the
taste-masking agent is selected from the group consisting of
carboxymcthyl cellulose: methyl cellulose; ethyl cellulose;
hydroxyl methyl cellulose: hydroxyethyl cellulose: hydrox-
ypropy] cellulose; hydroxypropylmethyl cellulose;
hydroxyniethylpropyl cellulose; gum arabic; xanthan gum:
tragacanth: acacia; carageenan: guar gum; locust bean gum:
pectin: alginates: gelatinized. modified or unmodified starch:
polyvinyl alcohol; polyacrylic acid; polyvinyl pyrrolidone;
poly(metb}acrylate: poly(meth)copolymers; dextrin: dext-
ran: proteins; whey protein isolate: casein; levin: collagen;
chitin; chitosin; polydextrose and combinations thereof.

44. The drtig delivery composition of claim 28. wherein
said active is selected from the group consisting of ace—in—
hibitors, antianginal drugs. anti-arrhythmias. anti—asthmatics.
anti-cholesterolemics, analgesics. anesthetics, anti-convul-
sants. anti-depressants, anti-diabetic agents. anti-diarrhea
preparations. antidotes. anti-histamines. anti-hypertensive
drugs, anti-inflammatory agents. anti-lipid agents. anti-man-
ics. anti~nauseants. anti-stroke agents. antiwthyroid prepara-
tions, anti—tumor drugs, anti~viral agents, acne drugs, alka—
loids. amino acid preparations. anti-tussives. anti—uricemic
drugs. anti-viral drugs. anabolic preparations, systemic and
non-systemic anti-infective agents. anti-neoplastics, anti-par-
kinsonian agents. anti-rheumatic agents. appetite stimulants.
biological response modifiers. blood modifiers. bone metabo-
lism regulators. cardiovascular agents. central nervous sys-
tem stimulates. cholinesterase inhibitors, contraceptives,
decongestants, dietary supplements. dopamine receptor ago-
nists, endometriosis management agents. enzymes. erectile
dysfunction therapies, fertility agents, gastrointestinal
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agents, homeopathic remedies, hormones. hypercalcemia
and hypocalcemia management agents. innnunomodulators.
innnunosuppressives. migraine preparations. motion sick-
ness treatments. muscle relaxants. obesity management
agents. osteoporosis preparations, oxytocics, parasym-
patliolytics. parasynlpalhomimetics. prostaglandins. psycho-
therapeutie agents. respiratory agents. sedatives. smoking
cessation aids. sympatholytics, tremor preparations. urinary
tract agents. vasodilators. laxatives. antacids. ion exchange
resins. anti-pyretics. appetite suppressants. expectorants.
anti-anxiety agents. anti-ulcer agents, anti-inflammatory sub-
stances, coronary dilators. cerebral dilators. peripheral
vasodilators, psycho—tropics, stimulants. anti—hypertensive
drugs. vasoeonstrictors. migraine treatments. antibiotics.
tranquilizers, anti-psychotics. tutti-tumor dmgs. anti-coagu-
lants, anti-thrombotic drugs. hypnotics, anti-emetics. initi-
nauseants. anti-convulsants. neuromuscular drugs. hyper-
and hypo-glycemic agents. thyroid and anti-thyroid prepara-

' lions, diuretics. anti-spasmodics. terine rclaxants. anti-obe-
sity drugs. erythropoietic drugs. anti—asthmatics. cough sup—
pressants. mucolytics. DNA and genetic modifying drugs.
and combinations thereof.

45. The drug delivery composition ofclaim 28. wherein the
film fomiing matrix has the viscosity in an amount sufficient
to substantially prevent an active from settling out during
mixng or coating.

46. The drug delivery composition of claim 28. wherein
said taste—masking agent is selected from the group consisting
of llavors. sweeteners. flavor enhancers, and combinations
thereof.

47. The drug delivery composition of claim 28. wherein
said active is an opiate or opiate derivative.

48. A thin film drug delivery composition comprising:
(a) a cast film comprising an edible water—soluble or water

swellable fihn—forming matrix comprising at least one
water—soluble or water swellable polymer comprising
polyethylene oxide alone or in combination with a
hydrophilic cellulosic polymer: and a desired amount of
at least one active;

wherein said matrix has a viscosity sufficient to aid in
substantially maintaining non~self—aggregating uniforv
rnity of the active in the matrix:

and

(b) a coated particulate active component substantially uni-
fomily stationed in the matrix:
wherein the coating on the particulate active component

is a taste-masking agent. and
wherein the active component is substantially uniformly

distributed in the film composition;
wherein the uniformity subsequent to casting and drying of

the matrix is measured by substantially equally sized
individual unit doses which do not vary by more than
10% of said desired amount of said at least one active:
and

wherein the at least one waterwsoluble polymer comprises
about 20% to about 100% by weight polyethylene oxide.

49. The drug delivery composition of claim 48. wherein
said thin film drug delivery compOsition is extruded.

St}. The drug delivery composition ofclaim 48, wherein the
taste-masking agent is a thin film coating over the particulate
active component.

51. The drug delivery composition ofclaim 48. wherein the
taste—masking agent is a water—soluble polymer.

52. The drug delivery composition ofclaim 48. wherein the
composition is free ofadded plasticizers, surfactants. or poly-
alcohols.
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53. The drug delivery composition of claim 48, wherein
said taste-masking agent is selected from the group consisting
of flavors. sweeteners. flavor enhancers. and combinations
thereof.

54. The drug delivery composition of claim 48. wherein
said actiVe is an opiate or opiate deriVative.

55. A thin film drug delivery composition comprising:
(a) a cast film comprising an edible water-soluble or water

swellable film-forming matrix comprising at least one
water-soluble or water swellable polymer comprising
polyethylene oxide alone or in combination with a
hydrophilic cellulosic polymer: and a desired amount of
at least one active;

wherein said matrix has a viscosity sufficient to aid in
substantially maintaining non-self-aggregating unilon
ntin of the active in the matrix:

and

(b) a coated particulate active component substantially tini-
formly stationed in the matrix:
wherein the coalng on the particulate active component

is a taste—masking agent. and
wherein the active component is substantially uniformly

distributed in the film composition;
wherein the uniformity subsequent to casting and drying of

the matrix is measured by substantially equally sized
individual unit doses which do not vary by more than
10% of said desired amount of said at least one active:
and

wherein the at least one water—soluble polymer comprises a
hydrophjlic ccllulosie polymer in a ratio of up to about
4:1 with polyethylene oxide.

56. The drug delivery composition of claim 55. wherein
said tltin [ilm drug delivery composition is extruded.

57. The drug delivery composition ofclaint 55. wherein the
taste—masking agent is a thin film coating over the particulate
active component.

58. The drug delivery composition oi'claim 55. wherein the
taste-masking agent is a water-soluble polymer.

59. The drug delivery composition ofclaim 55. wherein the
composition is free ofadded plasticizers. surfactants. or poly-
alcohols.

60. The drug delivery composition of claim 55. wherein
said taste—masking agent is selected from the group consisting
of flavors. sweeteners. flavor enhancers. and combinations
thereof.

61. The drug delivery composition of claim 55. wherein
said active is an opiate or opiate derivative.

62. A drug delivery composition comprising:
(i) a cast fihn comprising a fiowable water~soluble or water

swellable film—forming matrix comprising one or more
substantially water soluble or water swellable polymers;
and a desired amount of at least one active;

wherein said matrix has a viscosity sufficient to aid in
substantially maintaining non-selllaggregating unifor-
mity of the active in the matrix;

(ii) a particulate active substantially uniformly stationed in
the matrix; and

(iii) a taste-masking agent selected from the group consist-
ing of flavors. sweeteners. flavor enhancers, and combi-
nations thereof to provide taste-masking of the active;
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wherein the particulate active has a particle size of 200
microns or leSs and said flowable water-soluble or water

swellable film-forming matrix is capable of being dried
without loss ofsubstantial unifonnity in the stationing of
said particulate active therein; and

wherein the uniformity subsequent to casting and drying of
the matrix is measured by substantially equally sized
individual unit doses which do not vary by more than
10% of said desired amount of said at least one active.

63. The drug delivery composition oi'clai m 62. wherein the
particulate active has a particle size of 150 microns or less.

64. The drug delivery composition ofclaim 62. wherein the
particulate active has a particle size of 100 microns or less.

65. The drug delivery composition of claim 62. wherein
said variation of drug content is less than 5% by weight per
film dosage unit.

66. The drug delivery composition of claim 62. wherein
said variation of drug content is less than 2% by weight per
film dosage unit.

67. The drug delivery composition of claim 62. wherein
said variation ofdrug content is less than 0.5% by weight per
film dosage unit.

68. The drug delivery composition ol‘elaim 62. wherein the
particulate active has a shape selected from the group con-
sisting of spherically shaped particles. ellipsoidally shaped
particles, irregularly shaped particles. and combinations
thereof.

69. The drug delivery composition of claim 62. wherein
said taste-masking agent is present in the amount of about
01-30% by weight of the drug delivery composition.

70. The drug delivery composition of claim 62. wherein
said taste-masking agent is present in the amount of about
OBI—10% by weight of the drug delivery composition.

71. The drug delivery composition of claim 62. wherein
said active is selected from the group consisting of antimi-
crobial agents. non-steroidal anti-inflammatory drugs. anti-
tussives. decongestants. antihistamines. expectorants. anti-
diarrheals. H2 antagonists. proton pump inhibitors. general
non-selective CNS depressants. general non-selective CNS
stimulants. selective CNS functional modifiers. anti—parkinv
Sonism drugs. narcotics. analgesics; erectile dysfunction
therapies. anti-pyrelics. psychopharmacological drugs and
combinations thereof.

72. The drug delivery composition oi'clai m 62. wherein the
film forming matrix has the viscosity in an amount sufficient
to substantially prevent an active from settling out during
mixing or coating.

73. The drug delivery cotnposition of claim 62. wherein
said active is an opiate or opiate derivative.

74. The drug delivery composition of claim 73. wherein
said taste masking agent is peppermint oil.

'75. The drug delivery composition ofclaim .1. wherein said
active is an opiate or opiate derivative and said taste masking
agent is selected from the group consisting of flavors. sweet—
encrs, flavor enhancers. and combinations thereof.

76. The drug delivery composition of claim 75. wherein
said taste masking agent is peppermint oil.

*asaae

Page 74


