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form capsules via precipitation, polymerization, or coalescent processes. After the capsules

are formed and formulated into dentifrice formulations, the polymer molecules that form the

capsule shells exhibit a swelling phenomenon in the presence of water. Many factors are

known that can enhance the swelling effect, such as the presence of salts, varations in pH,

and the presence of surfactants. As the polymer swells, a point is reached at which leakage of

the capsules results, so that the active materials maintained in the core of the capsules are

released.

{0004] Because many applications depend on slowing, hindering, or inhibiting premature

release of active ingredients, it would be desirable to provide capsules, capsules, and

processes for making them that would result in less permeable (more impermeable) capsule
walls.

BRIEF SUMMARY OF THE INVENTION
[0005] A capsule comprising a core and a shell surrounding and enclosing the core, the

shell comprising

a) at least one first polymer having a first water solubility parameter. and



WO 20081147619PCT/ US2008/ 061927 b) at | east one second pol ynmer having a
wat er solubility paraneter higher than the first water solubility
parameter, wherein at |east one of i) at |east one of the second polyner is

crosslinkedyoasshPtie i) all of the at |east one second pp@hib@Esndis27Pr esent
in an anount that is less than all of the at |east one first polyner.
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having a first solubility paraneter an east one second pol yner havi ng
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greater than that of one TIrst po n ot her enbodi nents,
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various egRREnIBRLSwe. rhesiescondindal1yiBdne TR pslyther Rdydiila @sQdlbility
parameter and at least one second polymer having a solubility parameter higher than that of
the at least one first polymer. In various embodiments, the at least one second polymer is
crosslinked and/or the at least one second polymer is present in an amount that is less than the
at least one first polymer. The shell can be continuous or discontinuous.
10009} In various aspects, the solubility parameter is given by Hildebrand units, or
§/MPa'2, As is well known, these indicate the ST units for the Hildebrand solubility
parameter. In various embodiments, the solubility parameter of the second polymer is at least
0.5 Hildebrand units greater than that of the at least one first polymer. In other embodiments,
the solubility parameter of the second polymer is at least 1 Hildebrand unit greater than that
of the at least one first polymer.
[0010] In various embodiments, the at least one second polymer, which is more swellable
than the at least one first polymer, is present in a minor amount in the capsules. That is, on
the basis of the total weight of the polymers in the capsules, the second polymer is less than

50% of the total weight. In various embodiments, the second polymer makes up about 0.01%
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1 0018] The at | east one second polyner swells to a greater extent as

I ndi cated by its higher (closer to water) solubility paraneter. For
conveni ence, this property will be referred to as "faster swelling" even
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for the s%‘leﬂﬁﬂhFﬁ}Vuﬁ‘ﬁpéli‘f@f’@?s units. As an illustration, Table 1 shows
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Sol vent s
below, the solubility parameter scales are set up so that, the closer a polymer is to the

solubility parameter of the solvent water, the more it will swell in water. Water swelling
often leads to dissolution; to prevent this, the at least one second polymer can be provided in
crosslinked form to keep it from dissolving in use. In various embodiments, the solubility
parameter of the at least one second polymer is closer to the parameter of the solvent water
than the solubility parameter of the at least one first polymer is. As a practical matter, water
has about the highest solubility parameter of any solvent, which is related to its relatively
high heat of vaporization. Accordingly, in various embodiments, the solubility parameter of
the at least one second polymer is characterized as being “higher” than that of the at least one
first polymer. The at least one second polymer thus swells more because its solubility
parameter, being higher than that of the at least one first polymer, is closer to the solubility
parameter of the solvent water.

[0018] The at least one second polymer swells to a greater extent as indicated by its
higher (closer to water) solubility parameter. For convenience, this property will be referred
to as “faster swelling” even though strictly speaking the solubility parameters is a predictor of
the extent or equilibrium of swelling, not its rate. It is normally observed that polymers that
swell to a greater extent by virtue of a solubility parameter close to that of water also swell at

a faster rate, to provide the advantages described herein.

Hildebrand Solubility Parameter
[0019] The Hildebrand solubility parameter is a numerical value that indicates the

relative solvency behavior of a specific solvent. It is derived from the cohesive energy
density of the solvent, which is in turn derived from the heat of vaporization. The cohesive

energy density Sl is derived from
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Met hyl al cohol 29.7 dycerol 36.2 Water 48.0 100211Hi | debrand paraneters
for a polyner can be determ ned experinental ly by
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c="—" (1)

wherein c is cohesive energy density; AH is the heat of vaporization; R is the gas constant; T
is the temperature; and V, is the molar volume. The Hildebrand Solubility Parameter is

taken as the square root of the cohesive energy density according to
- AH - RT]
5 =Je= [———-——T} )

[0020] The term “hildebrands™ has been adopted for the solubility parameter units. As an
illustration, Table 1 shows several solvents in order of increasing Hildebrand parameter. The
Hildebrand parameter is given in a value conforming to standard international units (S! units).
The SI unit of the Hildebrand parameter is given as 8/MPa'”.

Table 1

Hildebrand Solubility Parameters of Selected Solvents

Solvent 8(ST)
n-Pentane 14.4
Ethyl acetate 18.2
Acetone 19.7
Ethyl alcohol 26.2
Methyl alcohol 29.7
Glycerol 36.2
Water 48.0

[0021}  Hildebrand parameters for a polymer can be determined experimentally by
observing the degree of swelling of the polymer in a “spectrum” of liquids having a range of
Hildebrand parameters. For example, a slightly crosslinked polymer is exposed to a series of
liquids. The polymer is swollen but does not dissolve because of the crosslinks. The extent
of swelling is plotted against the Hildebrand parameters of the liquids. Experimentally, some
scatter is observed in the data, but the general trend is usually clear and an appropriate single
value or range of Hildeband values can be obtained from the position of the maximum of the
curve of swelling versus solvent. In this way, Hildebrand solubility parameters for a wide
range of polymers have been reported in the literature. Such polymers include polyacrylates,
polyamides, polyesters, polyethers (including polyethylene oxide and polypropylene oxide),
ethylene propylene copolymers and terpolymers. polyisobutylene, polypropylene, silicones,
polystyrene, polyvinyl acetate, and polyvinylpyrrolidone. The swelling method and other
methods of determining solubility parameters for polymers is given in Chapter 14 of the

Handbook of Solubility Parameters and Other Cohesion Parameters by Allan Barton, CRC
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[0027] I n various enbodi nents, the second polyner is crosslinked so that,
even though it swells with water to a greater extent than the at |east one
first polyner, it will not dissolve in water. In various enbodi nents,
crossl i nki Rgo boas/€BEMI ed out by conventional mneans, i nchggiggsoddsiadi ati on
crosslinking and chem cal crosslinking. Radiation crosslinking includes
erosslinking by electron beans, ultraviolet, y-irradiation, x-rays, and
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formul ated into toothpastes, tooth creans, and tooth gels, wthout
limtation. M croencapsul ation [0031] Capsul es containing active materials
in the core and first and second pol yners providi ng enhanced inperneability
to water are made by conventional neans that incorporate both the first and
second pol ynmer described herein. For exanple, coacervation can be carried
~out using either aqueous phase separation (oil in water encapsulation) or



carrier to provide conpositions useful in a variety of applications.
Dependi ng on the formof the conposition, the acceptable canier can be a
liquid carrier, a powder carrier, a dissolvable solid carrier, a gum base,
a filmforrypeop@dyser or polynmers, and so on. [0033]I pcilaer008@ho6are area,
the conpositions are said to contain an orally acceptable carrier in
addition to the capsules. As used herein, the "carrier"” refers to
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descri beﬂ 1bcreolel(%é/v uﬂa§1037] In addition to the capsul es, a nunber of active

i ngredie ional materials are included in various conpositions
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anounts at @& %h%réwowéFﬁﬁﬁalpéfpdl%&lﬁraﬁffortfﬂ@rﬁa&tcan ESHRAGYIOiPERFess, a polar core

is dispersed into an oily or non-polar continuous medium. The wall material is then dissolved

in the continuous medium. The wall material includes the at least one first polymer above
and may further contain the second polymer. Alternatively, the second polymer is provided
in the polar core. After heating to an elevated temperature and holding it for a suitable time,

for example one hour, the system is allowed to cool rapidly. Upon cooling the capsules form.

Carriers

[0032] In various embodiments, the capsules are formulated together with an acceptable



Mat erial Weight % Water g.s. Sorbitol 58 Polyethylene glycol (600 MW 3
Cocam dopropyl Betaine 1.25 Sodium Lauryl Sulfate 1.5
Car boxynet hyl cel | ul ose Gum 0. 65 Capsul es 2 Na Saccharin
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carrier to provide compositions useful in a variety of applications. Depending on the form of
the composition, the acceptable carrier can be a liquid carrier, a powder carrier, a dissolvable
solid carrier, a gum base, a film forming polymer or polymers, and so on.

[0033] In the oral care area, the compositions are said to contain an orally acceptable
carrier in addition to the capsules. As used herein, the “carrier” refers to components of the
individual oral compositions in which the capsules are formulated as an active ingredient. In
various embodiments, the carrier embraces all of the components of the oral composition
except for those in the capsules. In other aspects, the term refers to components such as
inactive ingredients, carriers, vehicles, and the like, that are commonly understood to persons
of skill in the art to function as a carrier, filler, or other relatively inert ingredient. In other
words, the term carrier is used in different ways depending on context. Depending on the
context, the oral compositions may comprise other components in addition to the capsules
and the carrier. However, in all contexts, the components of the oral compositions of the
invention can be divided into carrier components and capsules.

[0034] To illustrate in a non-limiting example for the case of toothpastes, the carrier can
be said to be the water/humectant system that provides a large fraction by weight of the
composition. Alternatively, the carrier component of a toothpaste composition may be
considered as the water, humectant, and other functional components other than the capsules.
Whatever the context, the person of skill in the art recognizes that the toothpaste composition
contains both capsules and an orally acceptable carrier.

[0035] To illustrate further, in a mouth rinse, the carrier is generally considered to be the
water/alcohol liquid component in which the active ingredients are dissolved or dispersed. In
a dissolvable lozenge. the carrier is generally understood to comprise the solid matrix
material that dissolves slowly in the mouth to the oral surfaces in the mouth. In chewing
gums, the carrier comprises a gum base, while in an edible strip, the carrier comprises one or
more film forming polymers.

[0036] In all of the above examples, the oral composition, in whatever form, includes the
capsules, a suitable carrier in an appropriate form, and other actives or functional materials
needed to provide the oral compositions with desired properties. Additional active materials
and functional materials are described below.

[0037] In addition to the capsules, a number of active ingredients and functional materials
are included in various compositions of the invention. Such materials include, without
limitation, abrasives, humectants, surfactants, anticalculus agents, thickeners, viscosity

modifiers. anticaries agents, tlavorants, colorants, additional antibacterial agents.
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known methods.

EXAMPLES

The amounts are based weight percent of the total composition.

Material Weight %

Water q.S.
Sorbitol 58
Polyethylene glycol (600 MW) 3
Cocamidopropyl Betaine 1.25
Sodium Lauryl Sulfate 1.5
Carboxymethylcellulose Gum 0.65
Capsules 2
Na Saccharin 0.3
High Cleaning Silica 20
Thickening Silica 4.25
Tetrasodium Pyrophosphate 0.5
Sodium Fluoride 0.243
Blue Color 0.1
Flavor 1.2
Total 100
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antioxidants, anti-inflammation components, and so on. They are added to the pastes, rinses,

gums, lozenges, strips, and other forms of the oral compositions of the invention according to

The following non-limiting example can be prepared by mixing of the ingredients.

100



What is claimed is: 1.A capsule conprising a core and a shell surrounding
and encl osing the core, the shell conprising: a) at least one first
pol ymer having a first water solubility paraneter, and b) at |east
one second pol ynmer having a water solubility parameter higher than the
first water solubility paraneter, wherein: all of the at |east one second
polymer is present in an anmount that is less than all of the at | east one
first polyner; the at |least one first polynmer conprises a polynmer selected
fromthe group consisting of polylactic acid, polyglycolic acid,

pol yl actic-co-glycolic acid, polycaprgl actone, pol yphosphoester, polyvinyl
acetate, polystyrene, polyglucosam ne; tin, and gum arabic; the at

| east one %€ﬁ§H9 B%%X o conprises a hydroxyl - bearing polynmer selected from
t he group consisflng of " pol yet hyl ene oxi de, polyvinyl alcohol, hyaluronic
acid, and pol ysacchari des, which second pol ynmer crosslinked by one or nore

crosslinki 39 conp .s{lie%iqsﬁrgsriﬁngh@bf@aﬁd RLHERb L YuRdinBhdentlodigaeid ve

groups; and the capsul e | crocapsul e. 2. The capsule of claim1,
wher ei n t heosedarsheflaloynprising: cr ossl i nked by a crosslinking composition
containing a plurality of hydroxyl reactive groups selected fromthe group
consi sting of cak box9¥]§?5té11‘€éﬁ§ﬁé%l}’m% ying a S&Mer Hblﬁ%B%ﬂ%‘itﬁ’é. 3.
The capsul e gf claim1l1, wherein the core conprises 1 to 40 parts by wei ght
of the sec8Rt pol ymer per 100 parts total of the first and second pol yner.

b) at least one second polymer having a water solubility parameter
higher than the first water solubility parameter,
wherein:
all of the at least one second polymer is present in an amount that is less
than all of the at least one first polymer;
the at least one first polymer comprises a polymer selected from the group
consisting of polylactic acid, polyglycolic acid, polylactic-co-glycolic acid,
polycaprolactone, polyphosphoester, polyvinyl acetate, polystyrene,
polyglucosamine, gelatin, and gum arabic;
the at least one second polymer comprises a hydroxyl-bearing polymer
selected from the group consisting of polyethylene oxide, polyvinyl
alcohol, hyaluronic acid, and polysaccharides, which second polymer is
crosslinked by one or more crosslinking compositions containing a
plurality of hydroxyl reactive groups; and

the capsule is a microcapsule.

2. The capsule of claim 1, wherein the second polymer is crosslinked by a
crosslinking composition containing a plurality of hydroxyl reactive groups
selected from the group consisting of carboxyls, aldehydes, methylol groups, and

isocyanates.
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4. The capsule of claim1l1l, wherein the solubility paraneter of the at | east
one second polyner is at least 0.5 Hildebrand units greater than the
solubility paranmeter of the at |east one first polymer. 5. The capsul e of
claim1l1, wherein the solubility paraneter of the at |east one second
polynmer is at least 1 Hildebrand units greater than the solubility
paraneter of the at |east one first polyner. 6. The capsule of claiml,
further conprising an active material. 7. The capsule of claim®6, wherein
the active material is an oral care ingredient. 8. A conposition
conprising the capsule of claim1 and a carrier for an oral care

conposi ti oh. 9lhexapsuleoef daimybovbersimiherapee gemprispel etbpatts by sreightcapsul e
shel | conprising form.ng a ca | e 1Ot WUr : at | east
one first {’)éo 3? ?Or}%ra?/(i)lxgqeé B ?é@jp%&% éc?fgis%l tti}lgi)élltrlytt%ldg;aerc %Irlr% 8lry,m§)r'1d b)
at | east one second pol ynmer having a water solubility paranmeter higher than
the first water solubility paranmeter, wherein: all of the at |east one
second pol 4er The gapssbnoef dlainah, whenein thersplubility paremetenofdhe ableashenat

| east one fir | ynmer; 12 at .l east one fir r.conprises a
pol yner se?el‘éegédi’%&%ﬁ‘i F%}%Bégi@i‘aﬁqrg? H&l%gf%éﬁgﬁﬂ%@&bﬁ}%oi flgisycol ic
acid, pol yg%%}ﬁ&éxc&“tﬂle%@ag%ﬁecﬁﬂt Pg l&(&{ipr ol act one, pol yphosphoester,

pol yvi nyl ‘acetate, polystyrene, po ucosam ne, gelatin, and gum arabi c;
the at | east one second pol yner conprises a hydroxyl-bearing pol yner
selected fromthe group consisting of polyethylene oxide, polyvinyl

al cohol , h¥al ur bl eapseileiof Aaian E;d{\’gg@@t sodaailityyaarameter ‘éfrtg?ﬂt ilq"i‘ﬁéﬁpfby one

o St Mol RTRIS! | PactAM PRl e a'ehd Yorgbiafhy " X!

parameter of the at least one first polymer.

or
rea

6. The capsule of claim 1, further comprising an active material.

7. The capsule of claim 6, wherein the active material is an oral care
ingredient.

8. A composition comprising the capsule of claim 1 and a carrier for an oral

care composition.

9. A method of decreasing the water permeability of a capsule shell
comprising forming a capsule from a mixture of:

a) at least one first polymer having a first water solubility parameter,
and

b) at least one second polymer having a water solubility parameter
higher than the first water solubility parameter,
wherein:

all of the at least one second polymer is present in an amount that is less

than all of the at least one first polymer;

12



the capsule is a mcrocapsule. 10. The nethod of claim9, wherein the
second polyner is crosslinked by a crosslinking conposition containing a
plurality of hydroxyl reactive groups selected fromthe group consisting of
carboxyl s, al dehydes, nethylol groups, and isocyanates. 11. The net hod of
claim9, wherein the core conprises 1 to 40 parts by wei ght of the second
pol ymer per 100 parts total of the first and second polyner. 12. The net hod
of claim9, wherein the solubility paranmeter of the at |east one second
polynmer is at least 0.5 Hildebrand units greater than the solubility
paranmeter of the at |east one first polynmer. 13. The nethod of claim9,
wherei n the sol thsiatleast pae frsmelymser ¢qraprses apalymsy seleeed {EPPJhg BEQUR s at
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polycaprolactone, polyphosphoester, polyvinyl acetate, polystyrene,
polyglucosamine, gelatin, and gum arabic;
the at least one second polymer comprises a hydroxyl-bearing polymer
selected from the group consisting of polyethylene oxide, polyvinyl
alcohol, hyaluronic acid, and polysaccharides, which is crosslinked by one
or more crosslinking compositions containing a plurality of hydroxyl

reactive groups; and

the capsule is a microcapsule.

10.  The method of claim 9, wherein the second polymer is crosslinked by a
crosslinking composition containing a plurality of hydroxyl reactive groups
selected from the group consisting of carboxyls, aldehydes, methylol groups, and

isocyanates.

11.  The method of claim 9, wherein the core comprises 1 to 40 parts by weight
of the second polymer per 100 parts total of the first and second polymer.

12.  The method of claim 9, wherein the solubility parameter of the at least one
second polymer is at least 0.5 Hildebrand units greater than the solubility

parameter of the at least one first polymer.
13.  The method of claim 9, wherein the solubility parameter of the at least one

second polymer is at least 1 Hildebrand units greater than the solubility

parameter of the at least one first polymer.
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