
MODULATORS OF ATP-BINDING CASSETTE TRANSPORTERS [0001] CROSS-REFERENCE TO
RELATED APPLICATIONS [0002] This application claims the priority of U.S.
application serial nos. 61/1 12,152 and 61/1 12,145, both of which were
filed on November 6, 2008. The entire contents of these applications are
incorporated herein in their entirety. [0003] TECHNICAL FIELD OF THE
INVENTION [0004] The present invention relates to modulators of ATP-Binding
Cassette ("ABC") transporters or fragments thereof, including Cystic
Fibrosis Transmembrane Conductance Regulator ("CFTR"), compositions thereof
and methods therewith. The present invention also relates to methods of
treating ABC transporter mediated diseases using such modulators. [0005]
BACKGROUND OF THE INVENTION [0006] ABC transporters are a family of
membrane transporter proteins that regulate the transport of a wide variety
of pharmacological agents, potentially toxic drugs, and xenobiotics, as
well as anions. ABC transporters are homologous membrane proteins that bind
and use cellular adenosine triphosphate (ATP) for their specific
activities. Some of these transporters were discovered as multidrug
resistance proteins (like the MDRl-P glycoprotein, or the multidrug
resistance protein, MRPl), defending malignant cancer cells against
chemotherapeutic agents. To date, 48 ABC Transporters have been identified
and grouped into 7 families based on their sequence identity and function.
[0007] ABC transporters regulate a variety of important physiological roles
within the body and provide defense against harmful environmental
compounds. Because of this, they represent important potential drug targets
for the treatment of diseases associated with defects in the transporter,
prevention of drug transport out of the target cell, and intervention in
other diseases in which modulation of ABC transporter activity may be
beneficial. [0008] One member of the ABC transporter family commonly
associated with disease is the cAMP/ATP-mediated anion channel, CFTR. CFTR
is expressed in a variety of cells types, including absorptive and
secretory epithelia cells, where it regulates anion flux across the
membrane, as well as the activity of other ion channels and proteins. In
epithelia cells, normalfunctioning of CFTR is critical for the maintenance
of electrolyte transport throughout the body, including respiratory and
digestive tissue. CFTR is composed of approximately 1480 amino acids that
encode a protein made up of a tandem repeat of transmembrane domains, each
containing six transmembrane helices and a nucleotide binding domain. The
two transmembrane domains are linked by a large, polar, regulatory
(R)-domain with multiple phosphorylation sites that regulate channel
activity and cellular trafficking. [0009] The gene encoding CFTR has been
identified and sequenced (See Gregory, R. J . et al. (1990) Nature
347:382-386; Rich, D. P. et al. (1990) Nature 347:358-362), (Riordan, J .
R. et al. (1989) Science 245:1066-1073). A defect in this gene causes
mutations in CFTR resulting in Cystic Fibrosis ("CF"), the most common
fatal genetic disease in humans. Cystic Fibrosis affects approximately one
in every 2,500 infants in the United States. Within the general United 



States population, up to 10 million people carry a single copy of the
defective gene without apparent ill effects. In contrast, individuals with
two copies of the CF associated gene suffer from the debilitating and fatal
effects of CF, including chronic lung disease. [0010] In patients with
cystic fibrosis, mutations in CFTR endogenously expressed in respiratory
epithelia leads to reduced apical anion secretion causing an imbalance in
ion and fluid transport. The resulting decrease in anion transport
contributes to enhanced mucus accumulation in the lung and the accompanying
microbial infections that ultimately cause death in CF patients. In
addition to respiratory disease, CF patients typically suffer from
gastrointestinal problems and pancreatic insufficiency that, if left
untreated, results in death. In addition, the majority of males with cystic
fibrosis are infertile and fertility is decreased among females with cystic
fibrosis. In contrast to the severe effects of two copies of the CF
associated gene, individuals with a single copy of the CF associated gene
exhibit increased resistance to cholera and to dehydration resulting from
diarrhea - perhaps explaining the relatively high frequency of the CF gene
within the population. [0011] Sequence analysis of the CFTR gene of CF
chromosomes has revealed a variety of disease causing mutations (Cutting,
G. R. et al. (1990) Nature 346:366-369; Dean, M. et al. (1990) Cell
61:863:870; and Kerem, B-S. et al. (1989) Science 245:1073-1080; Kerem, B-S
et al. (1990) Proc. Natl. Acad. Sci. USA 87:8447-8451). To date, > 1000
disease causing mutations in the CF gene have been identified
(http://www.genet.sickkids.on.ca/cftr/). The most prevalentmutation is a
deletion of phenylalanine at position 508 of the CFTR amino acid sequence,
and is commonly referred to as DF508-CFTR. This mutation occurs in
approximately 70% of the cases of cystic fibrosis and is associated with a
severe disease. [0012] The deletion of residue 508 in DF508-CFTR prevents
the nascent protein from folding correctly. This results in the inability
of the mutant protein to exit the ER, and traffic to the plasma membrane.
As a result, the number of channels present in the membrane is far less
than observed in cells expressing wild-type CFTR. In addition to impaired
trafficking, the mutation results in defective channel gating. Together,
the reduced number of channels in the membrane and the defective gating
lead to reduced anion transport across epithelia leading to defective ion
and fluid transport. (Quinton, P.M. (1990), FASEB J . 4 : 2709-2727).
Studies have shown, however, that the reduced numbers of DF508-CFTR in the
membrane are functional, albeit less than wild-type CFTR. (Dalemans et al.
(1991), Nature Lond. 354: 526-528; Denning et al., supra; Pasyk and Foskett
(1995), J . Cell. Biochem. 270: 12347-50). In addition to DF508-CFTR, other
disease causing mutations in CFTR that result in defective trafficking,
synthesis, and/or channel gating could be up- or down-regulated to alter
anion secretion and modify disease progression and/or severity. [0013]
Although CFTR transports a variety of molecules in addition to anions, it
is clear that this role (the transport of anions) represents one element in
an important mechanism of transporting ions and water across the
epithelium. The other elements include the epithelial Na+ channel, ENaC,
Na+/2C17K+ co-transporter, Na+-K+-ATPaSepump and the basolateral membrane 



K+ channels, that are responsible for the uptake of chloride into the cell.
[0014] These elements work together to achieve directional transport across
the epithelium via their selective expression and localization within the
cell. Chloride absorption takes place by the coordinated activity of ENaC
and CFTR present on the apical membrane and the Na+-K+- ATPase pump and Cl-
channels expressed on the basolateral surface of the cell. Secondary active
transport of chloride from the luminal side leads to the accumulation of
intracellular chloride, which can then passively leave the cell via Cl
channels, resulting in a vectorial transport. Arrangement of Na+/2C17K+
co-transporter, Na+-K+-ATPaSe pump and the basolateral membrane K+ channels
on the basolateral surface and CFTR on the luminal side coordinate the
secretion of chloride via CFTR on the luminal side. Because water is
probably never activelytransported itself, its flow across epithelia
depends on tiny transepithelial osmotic gradients generated by the bulk
flow of sodium and chloride. [0015] In addition to Cystic Fibrosis,
modulation of CFTR activity may be beneficial for other diseases not
directly caused by mutations in CFTR, such as secretory diseases and other
protein folding diseases mediated by CFTR. These include, but are not
limited to, chronic obstructive pulmonary disease (COPD), dry eye disease,
and Sjogren's Syndrome. [0016] COPD is characterized by airflow limitation
that is progressive and not fully reversible. The airflow limitation is due
to mucus hypersecretion, emphysema, and bronchiolitis. Activators of mutant
or wild-type CFTR offer a potential treatment of mucus hypersecretion and
impaired mucociliary clearance that is common in COPD. Specifically,
increasing anion secretion across CFTR may facilitate fluid transport into
the airway surface liquid to hydrate the mucus and optimized periciliary
fluid viscosity. This would lead to enhanced mucociliary clearance and a
reduction in the symptoms associated with COPD. Dry eye disease is
characterized by a decrease in tear aqueous production and abnormal tear
film lipid, protein and mucin profiles. There are many causes of dry eye,
some of which include age, Lasik eye surgery, arthritis, medications,
chemical/thermal burns, allergies, and diseases, such as Cystic Fibrosis
and Sj dgrens's syndrome. Increasing anion secretion via CFTR would enhance
fluid transport from the corneal endothelial cells and secretory glands
surrounding the eye to increase corneal hydration. This would help to
alleviate the symptoms associated with dry eye disease. Sjogrens's syndrome
is an autoimmune disease in which the immune system attacks
moistureproducing glands throughout the body, including the eye, mouth,
skin, respiratory tissue, liver, vagina, and gut. Symptoms, include, dry
eye, mouth, and vagina, as well as lung disease. The disease is also
associated with rheumatoid arthritis, systemic lupus, systemic sclerosis,
and polymypositis/dermatomyositis. Defective protein trafficking is
believed to cause the disease, for which treatment options are limited.
Modulators of CFTR activity may hydrate the various organs afflicted by the
disease and help to elevate the associated symptoms. [0017] As discussed
above, it is believed that the deletion of residue 508 in DF508-CFTR
prevents the nascent protein from folding correctly, resulting in the
inability of this mutant protein to exit the ER, and traffic to the plasma
membrane. As a result, insufficient amounts of 



the mature protein are present at the plasma membrane and chloride
transport within epithelialtissues is significantly reduced. In fact, this
cellular phenomenon of defective ER processing of ABC transporters by the
ER machinery has been shown to be the underlying basis not only for CF
disease, but for a wide range of other isolated and inherited diseases. The
two ways that the ER machinery can malfunction is either by loss of
coupling to ER export of the proteins leading to degradation, or by the ER
accumulation of these defective/misfolded proteins [Aridor M, et al.,
Nature Med., 5(7), pp 745- 751 (1999); Shastry, B.S., et al., Neurochem.
International, 43, pp 1-7 (2003); Rutishauser, J., et al., Swiss Med WkIy,
132, pp 211-222 (2002); Morello, JP et al., TIPS, 21, pp. 466- 469 (2000);
Brass P., et al., Human Mut., 14, pp. 186-198 (1999)]. The diseases
associated with the first class of ER malfunction are Cystic fibrosis (due
to misfolded DF508-CFTR as discussed above), Hereditary emphysema (due to
a1-antitrypsin; non Piz variants), Hereditary hemochromatosis,
Coagulation-Fibrinolysis deficiencies, such as Protein C deficiency, Type 1
hereditary angioedema, Lipid processing deficiencies, such as Familial
hypercholesterolemia, Type 1 chylomicronemia, Abetalipoproteinemia,
Lysosomal storage diseases, such as I-cell disease/Pseudo-Hurler,
Mucopolysaccharidoses (due to Lysosomal processing enzymes),
Sandhof/Tay-Sachs (due to b-Hexosaminidase), Crigler-Najjar type II (due to
UDP-glucuronyl-sialyc-transferase), Polyendocrinopathy/Hyperinsulemia,
Diabetes mellitus (due to Insulin receptor), Laron dwarfism (due to Growth
hormone receptor), Myleoperoxidase deficiency, Primary hypoparathyroidism
(due to Preproparathyroid hormone), Melanoma (due to Tyrosinase). The
diseases associated with the latter class of ER malfunction are Glycanosis
CDG type 1, Hereditary emphysema (due to al -Antitrypsin (PiZ variant),
Congenital hyperthyroidism, Osteogenesis imperfecta (due to Type I, II, IV
procollagen), Hereditary hypofibrinogenemia (due to Fibrinogen), ACT
deficiency (due to al-Antichymotrypsin), Diabetes insipidus (DI),
Neurophyseal DI (due to Vasopvessin hormone/V2-receptor), Neprogenic DI
(due to Aquaporin II), Charcot-Marie Tooth syndrome (due to Peripheral
myelin protein 22), Perlizaeus-Merzbacher disease, neurodegenerative
diseases such as Alzheimer's disease ( due to bAPP and presenilins),
Parkinson's disease, Amyotrophic lateral sclerosis, Progressive
supranuclear plasy, Pick's disease, several polyglutamine neurological
disorders asuch as Huntington, Spinocerebullar ataxia type I, Spinal and
bulbar muscular atrophy, Dentatorubal pallidoluysian, and Myotonic
dystrophy, as well as Spongiform encephalopathies, such as Hereditary
Creutzfeldt- Jakob disease (due to Prion protein processing defect), Fabry
disease (due to lysosomal a-galactosidase A) and Straussler-Scheinker
syndrome (due to Prpprocessing defect). [0018] In addition to up-regulation
of CFTR activity, reducing anion secretion by CFTR modulators may be
beneficial for the treatment of secretory diarrheas, in which epithelial
water transport is dramatically increased as a result of secretagogue
activated chloride transport. The mechanism involves elevation of cAMP and
stimulation of CFTR. [0019] Although there are numerous causes of diarrhea,
the major consequences of diarrheal diseases, resulting from excessive
chloride transport are common to all, and include dehydration, acidosis,
impaired growth and death. 



[0020] Acute and chronic diarrheas represent a major medical problem in
many areas of the world. Diarrhea is both a significant factor in
malnutrition and the leading cause of death (5,000,000 deaths/year) in
children less than five years old. [0021] Secretory diarrheas are also a
dangerous condition in patients of acquired immunodeficiency syndrome
(AIDS) and chronic inflammatory bowel disease (IBD). 16 million travelers
to developing countries from industrialized nations every year develop
diarrhea, with the severity and number of cases of diarrhea varying
depending on the country and area of travel. [0022] Diarrhea in barn
animals and pets such as cows, pigs and horses, sheep, goats, cats and
dogs, also known as scours, is a major cause of death in these animals.
Diarrhea can result from any major transition, such as weaning or physical
movement, as well as in response to a variety of bacterial or viral
infections and generally occurs within the first few hours of the animal's
life. [0023] The most common diarrhea causing bacteria is enterotoxogenic
E-coli (ETEC) having the K99 pilus antigen. Common viral causes of diarrhea
include rotavirus and coronavirus. Other infectious agents include
Cryptosporidium, giardia lamblia, and salmonella, among others. [0024]
Symptoms of rotaviral infection include excretion of watery feces,
dehydration and weakness. Coronavirus causes a more severe illness in the
newborn animals, and has a higher mortality rate than rotaviral infection.
Often, however, a young animal may be infected with more than one virus or
with a combination of viral and bacterial microorganisms at one time. This
dramatically increases the severity of the disease. [0025] Accordingly,
there is a need for modulators of an ABC transporter activity, and
compositions thereof, that can be used to modulate the activity of the ABC
transporter in the cellmembrane of a mammal. [0026] There is a need for
methods of treating ABC transporter mediated diseases using such modulators
of ABC transporter activity. [0027] There is a need for methods of
modulating an ABC transporter activity in an ex vivo cell membrane of a
mammal. [0028] There is a need for modulators of CFTR activity that can be
used to modulate the activity of CFTR in the cell membrane of a mammal.
[0029] There is a need for methods of treating CFTR-mediated diseases using
such modulators of CFTR activity. [0030] There is a need for methods of
modulating CFTR activity in an ex vivo cell membrane of a mammal. [0031]
SUMMARY OF THE INVENTION It has now been found that compounds of this
invention, and pharmaceutically acceptable compositions thereof, are useful
as modulators of ABC transporter activity, particularly CTFR activity.
These compounds areTITLE OF THE INVENTION Shelf Stable Capsules BACKGROUND
OF THE INVENTION [0001] Capsules made by a complex coacervation process are
often supplied in an 



aqueous slurry. Often, encapsulated materials can diffuse out the capsule
shell through the pores of the capsules into the liquid phase due to the
concentration gradient. This leakage may result in the loss of the
encapsulated materials. In various applications, such as dentifrice
compositions, it may be desirable to reduce the rate of leakage of the
capsule contents and increase the capsule stability. DESCRIPTION OF THE
DRAWINGS [0002] Fig. 1 shows release kinetics of a coacervated flavor
capsule; and [0003] Fig. 2 shows initial phase release kinetics of a
coacervated flavor capsule. BRIEF SUMMARY OF THE INVENTION [0004] According
to some embodiments, a capsule slurry includes at least one coacervated
capsule and at least 10 wt %humectant. It has been found that the humectant
reduces the leakage of the capsule contents. [0005] According to some
embodiments, a method of reducing leakage of at least one coacervated
capsule includes storing coacervated capsules in a capsule slurry which
includes at least 10 wt %humectant. DETAILED DESCRIPTION OF THE INVENTION
[0006] As used throughout, ranges are used as a shorthand for describing
each and every value that is within the range. Any value within the range
can be selected as the terminus of the range. [0007] According to some
embodiments, the capsule slurry contains coacervated capsules. In some
embodiments, the capsules are core-in-shell capsules. [0008] The capsules
may contain any contents suitable for an oral environment. For example, in
certain embodiments, the capsules contain active ingredients, flavorants,
and/or pigments. The contents may take various forms, such as liquid,
solid, powder, and/ or gel.[0009] Examples of suitable active ingredients
include, but are not limited to, tooth caries preventives, antibiotics,
vitamins, enzymes, anti-flammatory agents, and combinations thereof. More
specifically, examples thereof include, but are not limited to, sodium
fluoride, tin fluoride, sodium monofluorophosphate, vitamin E, vitamin C,
dextranase, mutase, sodium chloride, glycyrrhizinates, glycyrrhetinic acid,
azulene, dihydrocholesterol, chlorohexidine, epichlorocholesterol,
isopropylmethylphenol, trichlorocarbanilide, triclosan, halocarban,
hinokitiol, allantoin, tranexamic acid, propoils, cetylpyridinium chloride,
benzethonium chloride, benzalkonium chloride, sodium copper chlorophylin,
and lysozyme chloride. [0010] Examples of suitable flavorants may include,
but are not limited to flavoring aldehydes, esters, and alcohols. More
specifically, examples thereof include, but are not limited to, spearmint
oil, peppermint oil, clove oil, sage oil, eucalyptus oil, laurel oil,
cinnamon oil, lemon lime oil, grapefruit oil, menthol, 



carvone, methyl salicylate, ethyl salicylate, eugenol, camphor oil, ginger,
ethyl acetate, diethyl ketone, eucalyptol, pepper, rose,
isopropylmethylphenol, maltol, and anethole. [0011] Suitable pigments and
dyes may include inorganic and/ or organic pigments. More specifically,
examples thereof may include, but are not limited to, inorganic pigments
such as cobalt blue, cobalt green, yellow iron oxide, titanium oxide, mica,
zinc powder, and aluminum powder; lake pigments such as Blue No. 1 and Red
No. 2; and other pigments such as copper chlorophyll, .beta.-carotene, and
iron complex salts of hinokitiol. [0012] In certain embodiments, the
contents of the capsules are blended with vehicles such as fats and oils,
waxes, hydrocarbons, higher fatty acids, higher alcohols, esters, essential
oils, and silicone oils. Examples of suitable fats and oils may include,
but are not limited to, natural fats and oils such as soybean oil, rice
bran oil, jojoba oil, avocado oil, almond oil, olive oil, cacao butter,
sesame oil, persic oil, castor oil, coconut oil, mink oil, beef tallow, and
lard; hydrogenated oils obtained by hydrogenation of these natural fats and
oils; and synthetic triglycerides such as myristic glyceride,
2-ethylhexanoic glyceride, tricaprylic glyceride, and tricapricglyceride.
Examples of suitable waxes may include, but are not limited to, carnauba
wax, whale wax, beeswax, and lanoline. Examples of suitable hydrocarbons
may include, but are not limited to, liquid paraffins, vaseline, paraffins,
microcrystalline waxes, ceresin, squalane, and pristane. Examples of
suitable higher fatty acids may include, but are not limited to, lauric
acid, myristic acid, palmitic acid, stearic acid, behenic acid, oleic acid,
linoleic acid, linolenic acid, lanolic acid, and isostearic acid. Examples
of suitable higher alcohols may include, but are not limited to, Iauryl
alcohol, cetyl alcohol, stearyl alcohol, oleyl alcohol, lanoline alcohol,
cholesterol, and 2-hexyldecanol. Examples of suitable esters may include,
but are not limited to, cetyl octanoate, myristyl lactate, cetyl lactate,
isopropyl myristate, myristyl myristate, isopropyl palmitate, isopropyl
adipate, butyl stearate, and decyl oleate. Examples of the essential oils
may include, but are not limited to, mentha oil, jasmine oil, camphor oil,
hinoki oil, tohi oil, rue oil, turpentine oil, cinnamon oil, bergamot oil,
citrus oil, calamus oil, pine oil, lavender oil, bay oil, clove oil, hiba
oil, rose oil, eucalyptus oil, lemon oil, peppermint oil, and sage oil.
Examples of the silicone oils include dimethylpolysiloxane. [0013] In some
embodiments, the core of the capsule is a liquid. In some embodiments, the
core of the capsule is a solid. In certain embodiments, the core of the
capsule is a combination of liquid and solid. [0014] In certain
embodiments, the capsules are formed by a coacervation process. In some
embodiments, the capsules are formed by a complex coacervation process.
Coacervation processes known in the art may be used, including, for 



example, those described in U.S. Patent No. 6,045,835, the contents of
which are incorporated herein by reference. Average particle size for the
capsules may be 1 to 3,000 microns, 50 to 2,000 microns, or 500 to 1500
microns. The capsules may have an average wall thickness of 10 to 40
microns, although any desired thickness may be used. [0015] The
core-to-wall ratio of the capsules may be any suitable for the desired end
product and/ or method of processing intended for the end product. It may
be, for example, of 10 to 1, 12 to 1, 16 to 1, and/or 20 to 1; however, any
ratio may be suitable if such ratio provides sufficient stability of the
capsule during manufactureand allows for sufficient breakage during use.
[0016] Following the coacervation process, the capsules may be washed to
remove residual material and subsequently incorporated into a
representative slurry formulation containing other ingredients, such as,
for example, a humectant. [0017] According to some embodiments, capsules
are stored while in a slurry with additional constituents. In some
embodiments, the slurry is aqueous. In certain embodiments, the slurry
contains 1 to 80 wt %water. In some embodiments, the slurry contains 1 to
70 wt %water. In some embodiments, the slurry contains 1 to 50 wt %water.
In some embodiments, the slurry contains 1 to 40 wt %water. In some
embodiments, the slurry contains 1 to 30 wt %water. In some embodiments,
the slurry contains 1 to 20 wt %water. In some embodiments, the slurry
contains 1 to 15 wt %water. In other embodiments, the slurry contains no
water. [0018] In some embodiments, the slurry contains at least one
humectant. Examples of suitable humectants may include, but are not limited
to, sorbitol, glycerin, polyethylene glycol, propylene glycol, erythitrol,
and betaine. In some embodiments, the slurry contains at least 15 wt
%humectant. In some embodiments, the slurry contains at least 20 wt
%humectant. In some embodiments, the slurry contains at least 40 wt
%humectant. In some embodiments, the slurry contains at least 65 wt
%humectant. In some embodiments, the slurry contains at least 80 wt
%humectant. [0019] According to some embodiments, the slurry contains
capsules as described above. In some embodiments, the slurry may contain 5
to 65 wt % capsules. In some embodiments, the slurry may contain 20 to 50
wt %capsules. In some embodiments, the slurry may contain 30 to 35 wt
%capsules. [0020] According to some embodiments, the slurry includes
thickeners. The slurry may contain any suitable thickener. Examples of
suitable thickeners may include, but are not limited to, xanthan gum,
sodium salts of carboxymethyl cellulose, sodium polyacrylates, hydroxyethyl
cellulose, thickened silica, inontmorillonite, carrageenan, sodium
alginate, gum guar, and pectin. In some embodiments, the slurry contains up
to 10 wt %thickener. In certain embodiments,the slurry contains up to 5 wt
%thickener. In some embodiments, the slurry 



contains up to 1 wt %thickener. [0021] In certain embodiments, the slurry
includes preservatives. The slurry maycontain any suitable preservative.
Examples of suitable preservatives may include, but are not limited to,
potassium sorbate, benzoic acid, sodium benzoate, parabens,
parahydroxybenzoic esters, and the like. In some embodiments, the slurry
contains any suitable amount of preservatives. In some embodiments, the
slurry contains up to 10 wt %preservatives. In other embodiments, the
slurry contains up to 5 wt % preservatives. In certain embodiments, the
slurry contains up to 1wt % preservatives. [0022] According to some
embodiments, the capsule slurry is incorporated in a dentifrice
composition. The dentifrice composition may take any desired form,
including toothpastes, tooth powders, prophylaxis pastes, gels, rinses,
lozenges, gums and the like. [0023] In some embodiments, the dentifrice
composition includes up to 30 wt % of the capsule slurry. In certain
embodiments, the dentifrice composition includes up to 15 wt %of the
capsule slurry. In other embodiments, the dentifrice composition includes
up to 5 wt %of the capsule slurry. In some embodiments, the dentifrice
composition includes up to 1 wt %of the capsule slurry. [0024] In some
embodiments, the dentifrice composition includes materials such as fluoride
ion sources, anti-calculus agents, buffers, abrasive materials, peroxide
sources, alkali metal bicarbonate salts, thickening materials, humectants,
water, surfactants, flavor system, sweetening agents, coloring agents, and
mixtures thereof. In certain embodiments, the dentifrice composition
includes the usual components of toothpastes, tooth powders, prophylaxis
pastes, gels, rinses, lozenges, gums and the like. [0025] In some
embodiments, a dentifrice composition includes water. In some embodiments,
the dentifrice composition includes water in an amount of 1 to 95 wt %. In
some embodiments, the dentifrice composition includes water in an amount of
1 to 50 wt %. In some embodiments, the dentifrice composition includes
water in anamount of 10 to 40 wt %water. [0026] The dentifrice composition
may also include a humectant. In some embodiments, the humectant includes
glycerin, sorbitol, erythritol, betaine or an alkylene glycol such as
polyethylene glycol or propylene glycol. In some embodiments, the humectant
is present in an amount of 15 to 95 wt %of the dentifrice composition. In
other embodiments, the humectant is present in an amount of 45 to 85 wt %.
[0027] The dentifrice composition may include an inorganic or a natural or
synthetic thickening or gelling agent. In some embodiments, the thickening
or gelling agent is present in an amount of up to 10 wt %. Other levels
that may be 



suitable include 0.25% to 5%, 0.5% to 4%, and/ or 1% to 3%, by weight of
the total composition. In some embodiments, a suitable amount of thickening
agent is included in the dentifrice composition to suspend capsules, or
abrasive granules or beads. In some embodiments, a suitable amount of
thickening agent is included in the dentifrice composition to form an
extrudable, shape-retaining product which can be squeezed from a tube onto
a toothbrush and will not fall between the bristles of the brush but
rather, will substantially maintain its shape thereon. Suitable thickening
or gelling agents for a dentifrice composition may include inorganic
thickening silicas available from Huber Corporation, Edison, New Jersey
under the trade name designation of Zeodent 165, Irish moss, carrageen, gum
tragacant, polyvinylpyrrolidone, xanthan gum, sodium salts of carboxymethyl
cellulose, sodium polyaerylates, hydroxyethyl cellulose, thickened silica,
montmorillonite, sodium alginate, gum guar, silicates, alkali metal
silicates, such as laponite, and pectin. [0028] In some embodiments, the
dentifrice composition includes at least one surfactant. Suitable
surfactants may include, but are not limited to, water-soluble salts of
higher fatty acid monoglyceride monosulfates, such as the sodium salt of
the monosulfated monoglyceride of hydrogenated coconut oil fatty acids,
cocamidopropyl betaine, higher alkyl sulfates such as sodium lauryl
sulfate, alkyl aryl sulfonates such as sodium dodecyl benzene sulfonate,
higher alkyl sulfoacetates, sodium lauryl sulfoacetate, higher fatty acid
esters of 1,2-dihydroxy propanesulfonate, and the substantially saturated
higher aliphatic acyl amides of lower aliphatic amino carboxylic acid
compounds, such as those having 12 to 16 carbons in the fatty acid, alkyl
or acyl radicals, and the like. Examples of suitable amides may include
N-lauroyl sarcosine, and the sodium, potassium, and ethanolamine salts of
N-lauroyl, N-myristoyl, or N-palmitoyl sarcosine. [0029] In some
embodiments, the dentifrice composition contains up to 5.0 wt %
surfactants. In other embodiments, the dentifrice composition contains 0.5
to 2.5 wt %surfactants. In some embodiments, the dentifrice composition
contains 1 wt % surfactants. [0030] The dentifrice composition may also
contain a binder agent. Examples of suitable binder agents may include, but
are not limited to, marine colloids, carboxy vinyl polymers, carageenans,
starches, water-soluble cellulose ethers such as hydroxyethylcellulose,
carboxy methylcellulose (carmellose), hydroxypropyl methyl cellulose and
salts thereof (e.g., carmellose sodium), natural gums such as karaya,
xanthan, gum arabic and tragacanth, chitosan, colloidal magnesium aluminum
silicate, and colloidal silica. In some embodiments, the binding agents are
present in an amount of 0.1 to 1.5 percent by weight. [0031] The dentifrice
compositions ma}' also include a flavorant or a mixture of 



flavorants, including natural or synthetic flavorants, such as flavoring
oils, flavoring aldehydes, esters, alcohols, similar materials, and
combinations thereof. Examples of suitable flavorants may include vanillin,
spearmint oil, cinnamon oil, oil of wintergreen (methylsalicylate),
peppermint oil, clove oil, anise oil, eucalyptus oil, citrus oils, fruit
oils and essences. In some embodiments, the dentifrice composition includes
flavorants such as limonene, menthone, carvone, menthol, anethole,
eucalyptus oil, eucalyptol, eugenol, cassia, oxanone, alpha-irisone,
propenyl guaiethol, thymol, linalool, benzaldehyde, cinnamaldehyde,
N-ethyl-p-menthan-3- carboxamine, N-2,3-trimethyl-2-isopropylbutanamide,
3,l-menthoxypropane-l,2- diol, cinnamaldehyde glycerol acetal (CGA),
methone glycerol acetal (MGA) and cineole. [0032] In some embodiments, the
dentifrice composition may also include an abrasive. An abrasive may act as
a mechanical and physical means of exfoliationand increased desquamation of
the oral mucosa. In some embodiments, the abrasive is distributed
throughout an orally acceptable vehicle. [0033] In some embodiments, the
dentifrice composition includes silica abrasives. Examples of suitable
abrasives include, but are not limited to, silica abrasives such as
precipitated silicas, sodium metaphosphate, potassium metaphosphate,
tricalcium phosphate, dihydrated dicalcium phosphate, aluminum silicate,
calcined alumina, bentonite or other siliceous materials, particulate
thermosetting resins, such as melamine, phenolic, and urea-formaldehydes,
and cross-linked polyepoxides and polyesters. [0034] An abrasive may be
present in any suitable amount. In some embodiments, such abrasives are
present in an amount of 1 to 50 percent by weight. In other embodiments,
such abrasives are present in an amount of 10 to 40 percent by weight. In
other embodiments, such abrasives are present in an amount of 18 to 20
percent by weight. [0035] Other additives may be included in the dentifrice
composition for reasons of manufacturing, stability, aesthetics,
therapeutic effect, consumer appeal, etc. Exemplary additive include all
other conventional dentifrice additives, viscosity modifiers, diluents,
foam modulators, saliva stimulating agents, desensitizing agents, whitening
agents, enzymes, pH modifying agents, mouth-feel agents, sweeteners,
colorants, opacifiers, and breath freshening agents. [0036] According to
some embodiments of the present invention, a capsule slurry includes
coacervated capsules and at least 10 wt %humectant. In some embodiments,
storing coacervated capsules in a capsule slurry that includes at least 10
wt %humectant reduces the leakage of the contents of the coacervated
capsules. [0037] Referring to Figure 1, in some embodiments the leakage of
the contents of a flavor capsule made by a complex coacervation process
demonstrates two-phase 



kinetics. As shown in Figure 1, in certain embodiments the leakage occurs
with an initial fast phase with a half life in the weeks/ months time scale
followed by a slow equilibrium phase. Referring to Figure 2, a detailed
analysis of the fast phase kinetics reveals that in certain embodiments the
leakage rate follows zero-orderkinetics. As shown in Figure 2, in some
embodiments the flavor component leaks at a constant rate; the rate is the
slope of the linear fit of the leakage data. [0038] According to some
embodiments, capsules are stored in a slurry to reduce leakage of the
contents of the capsule. In some embodiments, the capsules are stored in a
slurry that includes at least 15 wt %humectant. In some embodiments, the
capsules are stored in a slurry that includes at least 20 wt %humectant. In
some embodiments, the capsules are stored in a slurry that includes at
least 40 wt % humectant. In some embodiments, the capsules are stored in a
slurry that includes at least 65 wt %humectant. In some embodiments, the
capsules are stored in a slurry that includes at least 80 wt %humectant. In
certain embodiments, the capsules are coacervated. [0039] According to some
embodiments, the leakage rate of the contents of the capsules contained in
the slurry is less than 4e-10 M/ sec at room temperature. In some
embodiments, the leakage rate of the contents of the capsules contained in
the slurry is less than 4e-ll M/ sec at room temperature. In some
embodiments, the leakage rate of the contents of the capsules contained in
the slurry is less than 1.5e-ll M/ sec at room temperature. [0040]
According to some embodiments, the leakage rate of the contents of the
capsules contained in the slurry is less than le-9 M/ sec at 4O0C. In some
embodiments, the leakage rate of the contents of the capsules contained in
the slurry is less than le-10 M/sec at 40 C. In certain embodiments, the
leakage rate of the contents of the capsules contained in the slurry is
less than 8e-ll M/sec at 40 C. [0041] According to some embodiments, the
leakage rate of the contents of the capsules contained in the slurry is
less than 1.5e-9 M/sec at 49C. In certain embodiments, the leakage rate of
the contents of the capsules contained in the slurry is less than 1.5e-10
M/sec at 49C. In some embodiments, the leakage rate of the contents of the
capsules contained in the slurry is less than le-10 M/sec at 49C. [0042]
Water activity of the slurry is defined as the vapor pressure of water
above a slurry sample divided by the vapor pressure of pure water at the
same temperature and pressure. It is measured using a dew point hygrometer.
In someembodiments, the slurry has a water activity at 23C of less than
0.97. In certain embodiments, the slurry has a water activity at 230C of
less than 0.95. In some embodiments, the slurry has a water activity at 23C
of less than 0.94. In some embodiments, the slurry has a water activity at
23C of less than 0.90. In some embodiments, the slurry has a water activity
at 23C of less than 0.85. [0043] According to some embodiments, the amount
of humectant in the slurry is 



related to the leakage rate of the contents of the capsules contained in
the slurry. In some embodiments, the leakage rate of the contents of the
capsules is inversely related to the amount of humectant in the slurry. In
certain embodiments, a higher concentration of humectant in the slurry
results in a lower leakage rate of the contents of the capsules contained
in the slurry. [0044] According to some embodiments, the amount of
humectant in the slurry is related to the water activity of the slurry. In
certain embodiments, the water activity of the slurry is inversely related
to the humectant concentration in the slurry. In some embodiments, a higher
concentration of humectant in the slurry results in a lower water activity
of the slurry. [0045] In some embodiments, the water activity of the slurry
is related to the leakage rate of the contents of the capsules contained in
the slurry. In certain embodiments, the water activity of the slurry has a
direct relationship with the leakage rate of the contents of the capsules
contained in the slurry. In some embodiments, a lower water activity of the
slurry results in a lower leakage rate of the contents of the capsules
contained in the slurry. [0046] According to some embodiments, capsules are
contained in a dentifrice composition to reduce leakage of the contents of
the capsule. In some embodiments, capsules are contained in a dentifrice
composition including humectant in an amount of 15 to 95 wt %of the
dentifrice composition. In other embodiments, capsules are contained in a
dentifrice composition including humectant in an amount of 45 to 85 wt %.
In certain embodiments, the capsules are coacervated. [0047] According to
some embodiments, the leakage rate of the contents of the capsules
contained in the dentifrice composition is less than 5e-9 M/sec at
roomtemperature. In some embodiments, the leakage rate of the contents of
the capsules contained in the dentifrice composition is less than le-9 M/
sec at room temperature. In some embodiments, the leakage rate of the
contents of the capsules contained in the dentifrice composition is less
than 3e-10 M/ sec at room temperature. [0048] According to some
embodiments, the leakage rate of the contents of the capsules contained in
the dentifrice composition is less than 7e-9 M/ sec at 40 C. In some
embodiments, the leakage rate of the contents of the capsules contained in
the dentifrice composition is less than 4e-9 M/sec at 40 C. In certain
embodiments, the leakage rate of the contents of the capsules contained in
the dentifrice composition is less than 2e-9 M/sec at 40C [0049] According
to some embodiments, the leakage rate of the contents of the capsules
contained in the dentifrice composition is less than 8e-9 M/sec at 49C. In
certain embodiments, the leakage rate of the contents of the capsules
contained in the dentifrice composition is less than 6e-9 M/sec at 49C. In
some embodiments, the leakage rate of the contents of the capsules
contained in the dentifrice 



composition is less than 5e-9 M/sec at 49C. [0050] In some embodiments, the
dentifrice composition has a water activity at 23C of less than 0.95. In
certain embodiments, the dentifrice composition has a water activity at 23C
of less than 0.90. In some embodiments, the dentifrice composition has a
water activity at 23C of less than 0.80. In some embodiments, the
dentifrice composition has a water activity at 23C of less than 0.70. In
some embodiments, the dentifrice composition has a water activity at 23C of
less than 0.60. [0051] According to some embodiments, the amount of
humectant in the dentifrice composition is related to the leakage rate of
the contents of the capsules contained in the dentifrice composition. In
some embodiments, the leakage rate of the contents of the capsules is
inversely related to the amount of humectant in the dentifrice composition.
In certain embodiments, a higher concentration of humectant in the
dentifrice composition results in a lower leakage rate of the contents of
the capsules contained in the dentifrice composition.[0052] According to
some embodiments, the amount of humectant in the dentifrice composition is
related to the water activity of the dentifrice composition. In certain
embodiments, the water activity of the dentifrice composition is inversely
related to the humectant concentration in the dentifrice composition. In
some embodiments, a higher concentration of humectant in the dentifrice
composition results in a lower water activity of the dentifrice
composition. [0053] In some embodiments, the water activity of the
dentifrice composition is related to the leakage rate of the contents of
the capsules contained in the dentifrice composition. In certain
embodiments, the water activity of the dentifrice composition has a direct
relationship with the leakage rate of the contents of the capsules
contained in the dentifrice composition. In some embodiments, a lower water
activity of the dentifrice composition results in a lower leakage rate of
the contents of the capsules contained in the dentifrice composition.
Examples [0054] The following examples further describe and demonstrate
embodiments within the scope of the present invention. These examples are
given solely for the purpose of illustration and are not to be construed as
a limitation of the present invention as many variations thereof are
possible without departing from the spirit and scope. Example 1 : Capsule
Slurry Formulations [0055] Capsule slurry formulations with coacervated
capsules containing flavorants were prepared with no sorbitol, 20 wt
%sorbitol, and 40 wt %sorbitol, A, Band C respectively. Table 1 lists the
contents in weight percent and the water activity (Aw)at 230C for each
capsule slurry formulation. 



Table 1: Water Activity for Capsule Slurry Formulations[0056] The data
shows that a higher concentration of Sorbitol corresponds with a lower
leakage rate at each temperature. [0057] Table 2 lists the leakage rates
(M/ sec) of the flavor contents of the coacervated capsules contained in
the slurries at various temperatures. Table 2: Leakage Rates of Flavor
Contents of Capsules in Slurry (M/sec) [0058] The data demonstrate that a
higher concentration of sorbitol in a capsule slurry corresponds with a
lower water activity at 230C of the capsule slurry. Example 2 : Dentifrice
Compositions Containing Capsules and Leakage Rates [0059] Dentifrice
compositions containing flavor-filled coacervated capsules were prepared
with various amounts of humectant and water. The flavor-filled capsules
have a an outer coating of 93% medium chain triglycerides and 7% protein
surrounding the flavor liquid that comprises between 20 and 30% by weight
of the capsule. Table 3 lists the contents in weight percent and the water
activity (Aw) at 23C for each dentifrice composition. Table 3: Dentifrice
Liquid Phase Compositions[0060] The data show that a higher concentration
of humectant in a dentifrice composition corresponds with a lower water
activity at 230C of the dentifrice composition. [0061] Dentifrice
compositions with coacervated capsules containing flavorants were prepared
with various amounts of humectant and water listed in Table 3 as A, Band C.
Table 4 lists the leakage rate (M/ sec) of the flavor contents of the
coacervated capsules contained in the dentifrice composition at various
temperatures. Table 4: Leakage Rates of Flavor Contents of Capsules in
Dentifrice Composition (M/sec) [0062] The data shows that a higher
concentration of glycerin corresponds with a lower leakage rate at each
temperature.CLAIMS WE CLAIM: 1. A capsule slurry comprising at least one
coacervated capsule; and at least 10 wt %humectant. 2. The capsule slurry
of claim 1, wherein the humectant is sorbitol. 3. The capsule slurry of
claim 1, wherein the humectant is glycerin. 4. The capsule slurry of claim
1, wherein the humectant is at least one of polyethylene glycol, propylene
glycol, xylitol, erythritol, or betaine. 5 . The capsule slurry of any
preceding claim, wherein the capsule slurry comprises at least 20 wt
%humectant. 6 . The capsule slurry of claim 5, wherein the capsule slurry
comprises at least 40 wt %humectant. 



7. The capsule slurry of claim 6, wherein the capsule slurry comprises at
least 65 wt %humectant. 8. The capsule slurry of claim 7, wherein the
capsule slurry comprises at least 80 wt %humectant. 9. The capsule slurry
of any preceding claim, wherein the capsule slurry has a water activity of
less than 0.94 at 23C. 10. A dentifrice composition including the capsule
slurry of any preceding claim. 11. The dentifrice composition of claim 10,
wherein the capsule slurry is present in an amount of 0.1 to 10 wt %. 12.
The dentifrice composition of claim 10, wherein the capsule slurry is
present in an amount of 0.5 to 5 wt %.13. The dentifrice composition of
claim 10, wherein the capsule slurry is present in an amount of 1 wt %. 14.
A method of reducing leakage of coacervated capsules comprising storing at
least one coacervated capsule in a capsule slurry comprising at least 10 wt
% humectant. ]5. The method of claim 14, wherein the humectant is sorbitol.
16. The method of claim 14, wherein the humectant is glycerin. 17. The
method of claim 14, wherein the humectant is at least one of polyethylene
glycol, propylene glycol, erythritol, or betaine. 18. The method of any of
claims 14 to 17, wherein the capsule slurry comprises at least 20 wt
%humectant. 19. The method of claim 18, wherein the capsule slurry
comprises at least 40 wt % humectant. 20. The method of claim 19, wherein
the capsule slurry comprises at least 65 wt % humectant. 2 1. The method of
claim 20, wherein the capsule slurry comprises at least 80 wt % humectant.
22. The method of any of claims 14 to 21, wherein the capsule slurry has a
water activity of less than 0.94 at 23C. 23. The method of any of claims 14
to 22, wherein the capsule slurry is added to a dentifrice composition. 24.
The method of claim 23, wherein the capsule slurry is added to a dentifrice
in an amount of 0.1 to 10 wt %. 25. The method of claim 23, wherein the
capsule slurry is added to a dentifrice in an amount of 1 wt %. 


