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The present invention teaches a foamable pharmaceutical and 
cosmetic compositions comprising an aprotic polar solvent; 
foam compositions and uses thereof 
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Figure 2 
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FOAMABLE VEHICLES AND 
PHARMACEUTICAL COMPOSITIONS 

COMPRISING APROTIC POLAR SOLVENTS 
AND USES THEREOF 

BACKGROUND 

[0001] This invention relates to foamable pharmaceutical 
and cosmetic compositions and foams, containing aprotic 
polar solvents and uses. 
[0002] External topical administration is an important 
route for the administration of drugs in disease treatment. 
Administration into body cavities is gaining in importance. 
Many groups of drugs, including, for example, antibiotic, 
anti-fungal, anti-in?ammatory, anesthetic, analgesic, anti-al 
lergic, corticosteroid, retinoid and anti-proliferative medica 
tions are preferably administered in creams and ointment. 
[0003] There are many different types of foams and Within 
each foam type there are many levels of qualities. For 
example, the froth on the head of beer, lather of shampoo, and 
lather of shaving cream have been loosely described as foam 
but all are different from one another. Such differences speak 
to usability applicability. At one end of the cosmetic or phar 
maceutical foam spectrum, the foam can be long-lasting and 
not readily breakable upon mechanical stimulation like shav 
ing foams. Such foams lack suitability for pharmaceutical use 
since they lather With mechanical stimulation and require 
Washing off. At the other end of the spectrum, the foam can be 
quick breaking Without mechanical stimulation and collapse 
upon release. Such foams can be inconvenient since they can 
disappear rapidly before they can be conveniently applied to 
the intended target.Yet another type of foam is delayed foam 
ing gel Which is expelled as a gel but is said to expand into a 
type of foam on exposure to body temperature. Such expan 
sion can be sloW or delayed and inconvenient. Foams are 
considered a more convenient vehicle for topical delivery of 
active agents. There are several types of topical foams, 
including aqueous foams, such as commonly available shav 
ing foams; hydroalcoholic foams; emulsion-based foams, 
comprising oil and Water components; and oleaginous foams, 
Which consist of high oil content. In skin therapy, oil contain 
ing foams are preferred, since oil contributes to skin protec 
tion and moisturiZation, Which improve the therapeutic effect 
of the formulation. Typically foams are made using lique?ed 
hydrocarbon gas propellant, such as propane, butane and 
isobutene, or hydro-?uoro carbon propellants. 
[0004] Formulations containing aprotic polar solvents, 
such as Dimethyl sulfoxide (“DMSO”), have been occasion 
ally knoWn. HoWever, these formulations have only been 
knoWn as creams, gels or liquid formulations.Yet, despite the 
many bene?ts of pharmaceutical and cosmetic foam formu 
lations, until noW DMSO-containing formulations have not 
been developed in a commercial foam form. 

SUMMARY 

[0005] The present invention relates to foamable pharma 
ceutical and cosmetic compositions and foams, comprising 
aprotic polar solvents. 
[0006] There is provided, easy to use, stable foamable for 
mulations and foams containing aprotic polar solvents, With 
improved delivery properties, especially for treatment of der 
mal and mucosal tissues. 
[0007] In one or more embodiments Waterless formulations 
comprising at least one aprotic polar solvent are provided. In 
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certain embodiments the Waterless formulations are formu 
lated With surfactant. In some embodiments they may also 
comprise a polymer and or a foam adjuvant. In certain other 
embodiments they are formulated Without surfactant. Surfac 
tant free formulations may in one or more embodiments com 

prise a polymer and or a foam adjuvant and preferably both. In 
one or more embodiments the aprotic Waterless formulation 
comprises a short chain alcohol. In one or more embodiments 
the Waterless formulation may form an emulsion, for example 
betWeen a hydrophobic phase and an aprotic phase. In certain 
embodiments the formulation may be a single phase until 
addition of propellant. In one or more embodiments an emul 
sion is formed or reformed after addition of hydrophobic 
propellant. 
[0008] In one or more other embodiments Water compris 
ing formulations comprising at least one aprotic polar solvent 
are provided. In certain embodiments the Water comprising 
formulations are formulated With surfactant. In some embodi 
ments they may also comprise a polymer and or a foam 
adjuvant. In certain other embodiments they are formulated 
Without surfactant. Surfactant free formulations may in one or 
more embodiments comprise a polymer and or a foam adju 
vant and preferably both. In one or more embodiments the 
aprotic-aqueous formulation comprises a short chain alcohol. 
In one or more embodiments the Water comprising formula 
tion may form an emulsion, for example betWeen a hydro 
phobic phase and an aqueous aprotic phase. In certain 
embodiments the formulation may be a single phase until 
addition of propellant. In one or more embodiments an emul 
sion is formed or reformed after addition of hydrophobic 
propellant. 
[0009] According to one or more embodiments the foam 
able carrier comprises: 
[0010] l.An aprotic polar solvent; 
[0011] 2. At least one foaming or stabiliZing member, 

selected from the group, consisting of: 
[0012] a. a surface-active agent; 
[0013] b. a foam adjuvant; and 
[0014] c. a polymeric agent; 
[0015] and 
[0016] 3. A lique?ed or compressed gas propellant at a 

concentration of about 3% to about 25% by Weight of the 
total composition. 

[0017] According to one or more embodiments the foam 
able carrier comprises: 
[0018] l.An aprotic polar solvent; 
[0019] 2. At least one foaming or stabiliZing member, 

selected from the group, consisting of: 
[0020] a. a surface-active agent; 

[0021] b. a foam adjuvant; and 
[0022] c. a polymeric agent; 
[0023] 3. At least one solvent, selected from the group, 

consisting of: 
[0024] a. Water 

[0025] b. a protic polar solvent; and 
[0026] c. a hydrophobic carrier; 
[0027] and 
[0028] 4. A lique?ed or compressed gas propellant at a 

concentration of about 3% to about 25% by Weight of the 
total composition. 

[0029] According to one or more embodiments the foam 
able composition is aqueous and comprises tWo or more of the 
foaming or stabiliZing members. In one or more embodiments 
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the composition further comprises one of a protic polar sol 
vent or a hydrophobic carrier or mixtures thereof. 

[0030] According to one or more embodiments the foam 
able carrier is Water-containing (aqueous) and comprises: 
[0031] 1. An aprotic polar solvent 
[0032] 2. At least tWo foaming or stabilizing members, 

selected from the group, consisting of: 
[0033] a. a surface-active agent; 

[0034] b. a foam adjuvant; and 
[0035] c. a polymeric agent; 
[0036] 3. Water and optionally at least one solvent, selected 
from the group, consisting of: 

[0037] a. a protic polar solvent; and 
[0038] b. a hydrophobic carrier; 
[0039] and 
[0040] 4. A lique?ed or compressed gas propellant at a 

concentration of about 3% to about 25% by Weight of the 
total composition. 

[0041] According to one or more certain embodiments the 
aqueous foamable carrier is aqueous Without a hydrophobic 
carrier and comprises one stabiliZing member comprising a 
non ionic surfactant With a HLB betWeen about 9 to about 16. 

[0042] According to one or more embodiments, the foam 
able composition, comprises a therapeutically effective con 
centration of an aprotic polar solvent, Which possesses inher 
ent therapeutic properties. 
[0043] In preferred embodiments, the therapeutic aprotic 
polar solvent comprises Dimethyl sulfoxide (DMSO). 
[0044] The carrier or pharmaceutical or cosmetic compo 
sition is stored in a pressurized canister and When released a 
foam is formed that is thermally stable, yet breaks easily upon 
application of shear force. So in one or more embodiments the 
foam composition is breakable. The breakable foam is ther 
mally stable, yet breaks easily upon application of shear 
force. By thermally stable is meant that the foam is stable for 
a suf?cient period of timeiboth at room temperature and 
When applied to the skin or subjected to at temperature of 
about 36 Cito facilitate easy and relaxed use and alloW for 
possible distractions or interruptions. In one or more embodi 
ments the foam is stable for at least about 30 secs, at least 
about 40 secs, at least about 50 secs, at least about 60 secs, at 
least about 80 secs, at least about 100 secs, at least about 120 
secs, at least about 140 secs, at least about 160 secs, at least 
about 180 secs, at least about 210 secs, at least about 240 secs, 
at least about 270 secs or at least about 300 secs. 

[0045] In one or more alternative embodiments the foam 
composition is quick-break or thermolabile. The quick 
breaking foam is thermally instable, and collapses easily 
upon expo sure to body temperature Without the need to apply 
shear force. In one or more embodiments the foam has loW 
stability or is unstable and collapses in less than about 30 secs, 
in less than about 25 secs, in less than about 20 secs, in less 
than about 15 secs, in less than about 10 secs, or in less than 
about 5 secs. Foam can be quick-breaking, for example, 
Wherein the foam formulation comprises high levels of a short 
chain alcohol, such as, ethanol. 
[0046] According to one or more embodiments the concen 
tration of the aprotic polar solvent, about 3% to about 97% by 
Weight of the total composition. 
[0047] According to one or more embodiments, the com 
position comprises a hydrophobic carrier; and the composi 
tion is an emulsion betWeen the Water/aprotic polar solvent 
mixture and the hydrophobic carrier. 
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[0048] According to one or more embodiments, the com 
position is Waterless. In some embodiments the composition 
is Waterless and comprises a protic polar solvent or a hydro 
phobic carrier or mixtures thereof. In certain embodiments, 
the composition is Waterless, and the composition is a Water 
less emulsion betWeen the aprotic polar solvent and the 
hydrophobic carrier. 
[0049] According to one or more embodiments, the com 
position is substantially Waterless. 
[0050] According to one or more embodiments the foam 
able carrier is non-aqueous (Waterless) and comprises: 
[0051] l.An aprotic polar solvent 
[0052] 2. At least one foaming or stabiliZing member, 

selected from the group, consisting of: 
[0053] a. a surface-active agent; 

[0054] b. a foam adjuvant; and 
[0055] c. a polymeric agent; 
[0056] 3. Optionally at least one solvent, selected from the 

group, consisting of: 
[0057] a. a protic polar solvent; and 
[0058] b. a hydrophobic carrier; and 
[0059] 4. A lique?ed or compressed gas propellant at a 

concentration of about 3% to about 25% by Weight of the 
total composition. 

[0060] According to one or more embodiments, the foam 
able carrier is substantially non-aqueous (substantially Water 
less), and comprises: 

[0061] a) An aprotic polar solvent 
[0062] b) At least one member, selected from the group, 

consisting of: 
[0063] I. a surface-active agent; 
[0064] II. a foam adjuvant; and 
[0065] III. a polymeric agent; 

[0066] c) Up to about 5% Water and optionally a solvent, 
selected from the group, consisting of: 
[0067] I. a protic polar solvent; and 
[0068] II. a hydrophobic carrier; and 

[0069] d) A lique?ed or compressed gas propellant at a 
concentration of about 3% to about 25% by Wei ght of the 
total composition. 

[0070] According to one or more embodiments, the foam 
able carrier is substantially Waterless, and comprises: 

[0071] a) An aprotic polar solvent 
[0072] b) At least one member, selected from the group, 

consisting of: 
[0073] I. a surface-active agent; 
[0074] II. a foam adjuvant; and 
[0075] III. a polymeric agent; 

[0076] c) At least tWo solvents, one of Which is Water 
selected from the group, consisting of: 
[0077] IV. Up to about 5% Water; 
[0078] V. a protic polar solvent; and 
[0079] VI. a hydrophobic carrier; and 

[0080] d) A lique?ed or compressed gas propellant at a 
concentration of about 3% to about 25% by Weight of the 
total composition. 

[0081] According to one or more embodiments, the com 
position is alcohol-free, or substantially alcohol-free. 
According to one or more other certain embodiments the 
composition is alcoholic. 
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[0082] According to one or more embodiments, the com 
position is a Waterless foamable carrier comprising: 

[0083] a. DMSO 

[0084] b. At least one foaming or stabilizing member, 
selected from the group, consisting of: 

[0085] i. a solid surface-active agent at room tempera 
ture having a HLB of less than about 5; 

[0086] ii. a foam adjuvant; 

[0087] iii. hydroxypropyl methyl cellulose; 
[0088] iv. a surface active agent and a foam adjuvant 
and or hydroxypropyl methyl cellulose; 

[0089] v. a surface active agent and a foam adjuvant 
and a polymeric agent; and 

[0090] 
[0091] c. Optionally or at least one solvent, selected from 

the group, consisting of: 

vi. a foam adjuvant and a polymeric agent; 

[0092] i. a protic polar solvent; and 
[0093] ii. a hydrophobic carrier; and 

[0094] d. A lique?ed or compressed gas propellant at a 
concentration of about 3% to about 25% by Weight of the 
total composition. 

Wherein the resultant foam formed from the carrier is ther 
mally stable, yet breaks easily upon application of shear 
force. 

[0095] According to one or more embodiments, the hydro 
phobic solvent comprises a petrolatum. 
[0096] According to one or more embodiments, the protic 
polar solvent comprises ethanol. 
[0097] According to one or more embodiments, the com 
position further comprises urea. 
[0098] According to one or more embodiments, the com 
position is a Water containing foamable carrier comprising: 

[0099] a. DMSO 

[0100] b. At least tWo foaming or stabiliZing members, 
selected from the group, consisting of: 
[0101] i. a surface-active agent; 

[0102] ii. a foam adjuvant; 
[0103] iii. a polymeric agent; and 
[0104] iv. a foam adjuvant and a polymeric agent; 

[0105] c. Water and optionally or at least one solvent, 
selected from the group, consisting of: 

[0106] 
[0107] ii. a hydrophobic carrier; 

[0108] and 
[0109] d. A lique?ed or compressed gas propellant at a 

concentration of about 3% to about 25% by Weight of the 
total composition. 

i. a protic polar solvent; and 

Wherein the resultant foam formed from the carrier is ther 
mally stable, yet breaks easily upon application of shear 
force. 

[0110] According to one or more embodiments, the Water is 
less than about 5% and the formulation is substantially Water 
less. 

[0111] According to one or more embodiments the foam 
able carrier, further comprises an active agent; In one or more 
additional embodiments, the aprotic polar solvents possesses 
inherent therapeutic properties and therefore it can be con 
sidered as an “active agent”. 
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[0112] According to one or more embodiments the method 
of treating a disorder of a mammalian subject, includes: 
[0113] administering a foamable therapeutic composition 
to a target site, the composition comprising: 

[0114] a. An aprotic polar solvent 
[0115] b. At least one foaming or stabiliZing member, 

selected from the group, consisting of: 
[0116] i. a surface-active agent; 
[0117] ii. a foam adjuvant; and 
[0118] iii. a polymeric agent; 

[0119] c. Optionally or at least one solvent, selected from 
the group, consisting of: 
[0120] i. Water; 
[0121] ii. a protic polar solvent; and 
[0122] iii. a hydrophobic carrier; 

and 
[0123] d. A lique?ed or compressed gas propellant at a 

concentration of about 3% to about 25% by Wei ght of the 
total composition. 

[0124] According to one or more embodiments the method 
of treating a disorder of a mammalian subject, includes: 

[0125] administering a foamable therapeutic composi 
tion to a target site, the composition comprising: 

[0126] 1. An aprotic polar solvent; 
[0127] 2. At least tWo members, selected from the group, 

consisting of: 
[0128] i. a surface-active agent; 
[0129] ii. a foam adjuvant; and 
[0130] iii. a polymeric agent; 

[0131] 3. At least one solvent, selected from the group, 
consisting of: 
[0132] i. Water; 
[0133] ii. a protic polar solvent; and 
[0134] iii. a hydrophobic carrier; 

[0135] and 
[0136] 4. A lique?ed or compressed gas propellant at a 

concentration of about 3% to about 25% by Wei ght of the 
total composition. 

[0137] According to one or more embodiments, the method 
comprises a Waterless foamable carrier or composition With 
at least one of a surfactant, a polymer and a foam adjuvant. 
According to one or more other embodiments, the method 
comprises a substantially Waterless foamable carrier or com 
position With at least one of a surfactant, a polymer and a foam 
adj uvant and up to about 5% Water. According to one or other 
embodiments, the method comprises an aqueous carrier or 
composition With at least tWo of a surfactant, a polymer and a 
foam adjuvant. 
[0138] According to one or more embodiments, the method 
comprises foamable carrier or composition, further com 
prises an active agent. 
[0139] According to one or more embodiments, the method 
comprises pre-treating the target area With a foamable carrier 
or composition comprising an agent that can ameliorate or 
prevent a taste or odor being experienced after a DMSO foam 
is applied to a target. According to one or more other embodi 
ments, the method comprises treating the target area With a 
foamable carrier or composition further comprising an agent 
that can ameliorate or prevent a taste or odor being experi 
enced after a DMSO foam is applied to a target. 
[0140] According to one or more embodiments the foam 
able composition, comprises a therapeutically effective con 
centration of an aprotic polar solvent, Which possesses inher 
ent therapeutic properties. 



US 2012/0087872 A1 

[0141] All % values herein are provided on a weight (w/w) 
basis. 

BRIEF DESCRIPTION OF THE DRAWING 

[0142] The patent or application ?le contains at least one 
drawing executed in color. Copies of this patent or patent 
application publication with color drawing(s) will be pro 
vided by the O?ice upon request and payment of the neces 
sary fee. 
[0143] FIG. 1 is a Table illustrating increase in skin hydra 
tion 4 hours after application of DMSO foamable carriers. 
[0144] FIG. 2 is a color bar chart illustrating increase in 
skin hydration 4 hours after application of DMSO foamable 
carriers. 
[0145] FIG. 3 is a color microscope picture ofa foam pro 
duced from formulation D30 comprising DMSO and mineral 
oil. 
[0146] FIG. 4 is a microscope picture at x200 ofa waterless 
DMSO foam sample from formulation D24 showing a single 
phase homogeneous preparation free of crystals or agglom 
erations. 
[0147] FIG. 5 is a Microscope picture at x200 of an aqueous 
DMSO foam sample from formulation D33 showing a single 
phase homogeneous preparation free of crystals or agglom 
erations. 

DETAILED DESCRIPTION 

[0148] According to one or more embodiments the present 
invention includes the embodiments described above in the 
Summary of the Invention as more particularly detailed, 
speci?ed and exempli?ed below. 

Aprotic Polar Solvent 

[0149] Solvents can be broadly classi?ed into polar (hydro 
philic) and nonpolar (lipophilic). The polarity can be mea 
sured as the dielectric constant or the dipole moment of a 
compound. 
[0150] An aprotic solvent is an organic solvent that does not 
contain an OiH or NiH bond; or does not exchange pro 
tons with a substance dissolved in it. In the context herein, the 
aprotic polar solvent is a solvent with a comparatively high 
relative permittivity (or dielectric constant), greater than 
about 1 5, and a siZable permanent dipole moment, that cannot 
donate suitably labile hydrogen atoms to form strong hydro 
gen bonds; and it is miscible in water. Examples of aprotic 
polar solvents, suitable according to the present invention 
include, but are not limited to dimethyl sulfoxide (DMSO), 
dimethylformamide (DMF), acetonitrile, acetone, methyl 
ethyl ketone, l,4-Dioxane and tetrahydrofuran (THF). Addi 
tional non-limiting examples include N-methylpyrrolidone, 
pyridine, piperidine, dimethyl ether, hexamethylphosphorot 
riamide, dimethylformanide, methyl dodecyl sulfoxide, 
N-methyl-2-pyrrolidone and l-methyl-2-pyrrolidinone) and 
aZone (l -dodecylaZacycloheptan-2-one). 
[0151] An aprotic solvent can be a defoamer in certain 
embodiments. It can in certain embodiments act to accelerate 
the breakdown of the foam and reduce its stability. To an 
extent this may be countered by adding one or more agents 
that can stabiliZe the foam andboost its stability. For example, 
addition of a polymer and or a foam adjuvant can help to 
improve the collapse time and likewise slow liquid drainage 
driven by gravity, which otherwise can and will cause the 
walls of bubbles to thin and ultimately collapse into adjacent 
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bubble walls that are likewise thinning to form larger bubbles. 
Examples 1 and 2 indicate, for example, that DMSO is not 
prone to foaming. 

DMSO 

[0152] Dimethyl sulfoxide (DMSO) is the chemical com 
pound with the formula (CH3)2SO. This colorless liquid is an 
important aprotic polar solvent that dissolves both polar and 
nonpolar compounds and is miscible in a wide range of 
organic solvents as well as water. It has a distinctive property 
of penetrating the skin very readily, so that some people report 
that one can taste it soon after it comes into contact with the 

skin. In this connection, taking DMSO internally is reported 
to cause a ?sh- or oyster-like taste or odor in the mouth. With 
its high polarity combined with a high dielectric constant, 
DMSO is known to be an excellent solvent for polar or polar 
iZable organic compounds, but also many acids, alkalis and 
mineral salts. DMSO is miscible with most co-solvents. The 
following table provides certain physical characteristics of 
DMSO and DMF. 

DMSO DMF 

Dielectric constant (250 C.) 46.4 36.7 
Polarity (Debye, 250 C.) 4.3 3.8 
Boiling point (0 C.) 189 153 
Flash point (closed cup,O C.) 87 58 

[0153] DMSO can penetrate the skin and other membranes 
without damaging them and could carry other compounds 
into a biological system. DMSO has been used mo st widely as 
a topical analgesic, in a 70% DMSO, 30% water solution. 
Laboratory studies suggest that DMSO reduces pain by 
blocking peripheral nerve C ?bers. DMSO also is said to 
reduce in?ammation by several mechanisms. It is further an 
antioxidantia scavenger of the free radicals that gather at the 
site of injury. DMSO also stabiliZes membranes and slows or 
stops leakage from injured cells and is recommended for 
many in?ammatory conditions not caused by infection or 
tumor. Because DMSO increases the rate of absorption of 
some compounds through organic tissues including skin and 
nails, it can be used as a drug delivery system. 
[0154] In one or more embodiments a method is provided to 
ameliorate or prevent possible side effects of DMSO such as 
a taste, which has been described as “garlicy” and a breath 
odor. As an initial observation although a high proportion of 
DMSO can be present in the formulations because they are 
presented as a low density foam it is possible to apply a much 
thinner layer and cover the same area with a substantially or 
much smaller amount than a cream or ointment. That being 
said the position can be further improved by ?rst applying to 
the target area a composition containing one or more of urea, 
ethanol, and or lipophilic compounds and then subsequently 
applying the DMSO foam to the target area. The time interval 
between the ?rst application and the second application can 
be about almost immediately afterwards, about 30 secs after 
wards, about 1 minute afterwards, about 2 minutes after 
wards, about 5 minutes afterwards, about 10 minutes after 
wards, about 20 minutes afterwards, about 30 minutes 
afterwards, about 40 minutes afterwards, about 50 minutes 
afterwards, about 60 minutes afterwards, or sometimes 
longer. In one or more embodiments the DMSO presented to 
the target area simultaneously with another foam containing 
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one or more ingredients known to ameliorate or prevent the 
taste and odor by using a dual chamber device to apply the tWo 
foams such as is described in US publication 2007/0069046 
entitled “MEASURE OF CONTENT FROM A PLURAL 
ITY OF CONTAINERS” and incorporated herein by refer 
ence. In an alternative approach the formulation may itself 
include one or more ingredients knoWn to ameliorate or pre 
vent the taste and odor. 

Concentration 

[0155] In an embodiment the aprotic polar solvent can be 
incorporated in the foamable composition of the present 
invention in a concentration betWeen about 3% and about 
98% or betWeen about 10% and about 97%, for example 
above about 15%, above about 20%, above about 25%, above 
about 30%, above about 35%, above about; 40%, above about 
45%, above about 50%, above about 55%, above about, 60%; 
above about 70%, above about 80%, above about 90%, or any 
range betWeen any of the aforesaid amounts; and more pref 
erably from about 10% to about 60% of at least one aprotic 
polar solvent. 
[0156] In certain embodiments, the aprotic polar solvent is 
DMSO and its concentration is in the range betWeen about 
30% and about 60%. In an embodiment it is betWeen about 
40% to about 50%. In an embodiment, aprotic polar solvent is 
DMSO and its concentration is about 45%. 
[0157] In other embodiments, the composition contains 
more than 60% aprotic polar solvent, and in certain cases, up 
to about 98% of at least one aprotic polar solvent. 
[0158] In one or more embodiments Where ever a phrase is 
used to refer to a concentration of above X % or beloW X % it 
can also include X % or of above about X % or beloW about 
X % it can also include about X %. 

General 

[0159] In one or more embodiments, the aprotic polar sol 
vent is a combination of tWo or more aprotic solvents. In 
certain embodiments the main aprotic solvent is DMSO. 
[0160] In one or more embodiments, the aprotic polar sol 
vent is used in combination With a solid aprotic compound. 
Non limiting examples of solid aprotic compounds are octyl 
methyl sulfoxide, nonyl methyl sulfoxide, decyl methyl sul 
foxide, undecyl methyl sulfoxide, and dodecyl methyl sul 
foxide. 
[0161] In one or more embodiments, the aprotic polar sol 
vent is used in combination With a sulfoxide derivative Which 
is not aprotic. Non limiting examples of non aprotic sulfoxide 
compounds having hydroxyl groups are 2-hydroxydecyl 
methyl sulfoxide, 2-hydroxyundecyl methyl sulfoxide and 
hydroxydodecyl methyl sulfoxide. 
[0162] In one or more embodiments, formulations com 
prising DMSO can produce a quality foam With one or more 
surfactants Without the addition of a polymer and or Without 
the addition of a foam adjuvant. Aprotic solvents are not oil so 
Which surfactants are preferred is not obvious. In one or more 
embodiments preferred surfactants or surfactant combina 
tions include polyoxyethylene fatty acid ethers, polyoxyeth 
ylene fatty acid esters, polysorbates, sucrose esters, glycer 
ides esters, sorbitol esters. 
[0163] In one or more embodiments, formulations com 
prising DMSO can unexpectedly produce a quality foam 
Without one or more surfactants. In one or more embodiments 

good quality Waterless foams comprising DMSO can be 
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achieved With a combination of a polymeric agent and a fatty 
alcohol. In an embodiment the fatty alcohol may be replaced 
by the fatty acid. In an embodiment a combination of fatty 
alcohol and fatty acid may be applied together With the poly 
meric agent. 
[0164] In one or more embodiments good quality aqueous 
foams comprising DMSO can be achieved With a combina 
tion of a polymeric agent and a fatty alcohol. In one or more 
embodiments good quality aqueous foams comprising 
DMSO can be achieved With the addition of a short chain 
alcohol, such as ethanol, even in high concentrations. 
[0165] By the term “aqueous” in relation to formulations 
herein it is intended to indicate and describe a multiplicity of 
formulations containing some Water including formulations 
comprising loW amounts, medium amounts or high amounts 
of Water so as to apply a Wide meaning to the term. 

Foamable Composition and Foam Properties 

[0166] The ability to achieve quality foam With substantial 
concentration of at least one aprotic polar solvent, is surpris 
ing, because usually, such solvents are not prone to create a 
foam. The challenge is not just to achieve a quality foam but 
also to attain a formulation that Will satisfy a plurality of tWo, 
three, four, ?ve, six or more of property speci?cations simul 
taneously. 

[0167] 1. Uniformity: The composition should be formu 
lated so that it is and can remain uniform Without phase 
separation or precipitation over time. This property is of 
high importance When the product is intended to be a 
pharmaceutical product. 

[0168] 2. FloWability: The composition, When placed in 
an aerosol container and pressuriZed should be ?oWable 
such that it can be expelled through the canister valve. It 
should preferably also be shakable inside the container. 
These requirements create a formulation challenge, 
because loW or non-viscous ?oWable and shakable com 
positions are prone to undergo phase separation or pre 
cipitation. 

[0169] 3. Quality: Upon release from the can, the com 
position should generate a foam of about good or excel 
lent quality having loW density and small bubble siZe. 

[0170] 4. Stability/Breakability: The ?ne balance 
betWeen stability and breakability of the foam coming 
out of the container is very delicate: on one hand the 
foam should not be “quick breaking”, i.e., it should be at 
least short term stable upon release from the pressurized 
container and not break as a result of exposure to skin 
temperature; and on the other hand, it should be “break 
able”, i.e., it should spread easily, break doWn and 
absorb into the skin or membrane upon application of 
mild shear force. 

[0171] 5. Skin Feeling: To ensure patient compliance the 
skin feeling after application should be pleasant, and 
greasy or Waxy residues should be minimaliZed. 

[0172] 6. Non irritating: The above requirements should 
be achieved With the aWareness that formulation excipi 
ents, especially surfactants, can be irritating, and should 
be used in loW concentrations. 

[0173] 7. Delivery: Finally, the composition should also 
be designed to ensure ef?cient delivery of a therapeutic 
agent (other than the aprotic polar solvent) into the target 
site of treatment. 

[0174] Based on extensive investigations and trial and error 
experiments, it has been found that such properties can be 
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achieved for formulations comprising Water by incorporating 
into the composition at least tWo stabilizing members, and 
also for formulations that are sub stantially Waterless by incor 
porating into the composition at least one stabiliZing member 
selected from the group consisting of: 
[0175] i. a surface-active agent; 
[0176] ii. a foam adjuvant 
[0177] iii. a polymeric agent 
It has further been discovered that such properties can be 
achieved for Waterless formulations by incorporating into the 
composition at least one stabiliZing member, selected from 
the group, consisting of: 
[0178] i. a surface-active agent; 
[0179] ii. a foam adjuvant 
[0180] iii. a polymeric agent 
[0181] The type, quality, properties and mechanism of 
foam formation for aprotic formulations cannot be predicted 
or deduced based on the literature or on existing product 
experience. The challenge to achieve such foam formulations 
may be even more pronounced When the aprotic polar solvent 
composition is Waterless or substantially Waterless. 
[0182] As detailed and exempli?ed beloW, the aqueous or 
Water containing compositions containing aprotic polar sol 
vents, such as DMSO, conform With the desirable and favor 
able sensory properties of foam. They further deliver ef?ca 
cious therapy, as exempli?ed herein. 
[0183] As further detailed and exempli?ed beloW, even 
Waterless or substantially Waterless compositions, containing 
aprotic polar solvents, such as DMSO, provide favorable 
sensory properties of foam. 

Surface Active Agent 

[0184] The composition of the present invention contains a 
surface-active agent. Surface-active agents (also termed 
“emulsi?ers” or “surfactants”) include any agent linking oil 
and Water in the composition, in the form of emulsion. A 
surfactant’s hydrophilic/lipophilic balance (HLB) describes 
the emulsi?er’s af?nity toWard Water or oil. HLB is de?ned 
for non-ionic surfactants. The HLB scale ranges from 1 (to 
tally lipophilic) to 20 (totally hydrophilic), With 10 represent 
ing an equal balance of both characteristics. The HLB of a 
blend of tWo emulsi?ers equals the Weight fraction of emul 
si?erA times its HLB value plus the Weight fraction of emul 
si?er B times its HLB value (Weighted average). In many 
cases a single surfactant may su?ice. In other cases a combi 
nation of tWo or more surfactants is desired. Reference to a 
surfactant in the speci?cation can also apply to a combination 
of surfactants or a surfactant system. As Will be appreciated 
by a person skilled in the art Which surfactant or surfactant 
system is more appropriate is related to the vehicle and 
intended purpose. In general terms a combination of surfac 
tants is usually preferable Where the vehicle is an emulsion. In 
an emulsion environment a combination of surfactants can be 
signi?cant in producing breakable foams of good quality. It 
has been further discovered that the generally thought con 
siderations for HLB values for selecting a surfactant or sur 
factant combination are not alWays binding for emulsions and 
that good quality foams can be produced With a surfactant or 
surfactant combination both Where the HLB values are in or 
toWards the lipophilic side of the scale and Where the HLB 
values are in or toWards the hydrophilic side of the scale. 
Surfactants also play a role in foam formation Where the 
foamable formulation is a single phase composition. 
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[0185] According to one or more embodiments the compo 
sition contains a single surface active agent having an HLB 
value betWeen about 2 and 9, or more than one surface active 
agent and the Weighted average of their HLB values is 
betWeen about 2 and about 9. LoWer HLB values may in 
certain embodiments be more applicable, especially in com 
positions With loW Water content, or non-aqueous composi 
tions. 
[0186] According to one or more embodiments the compo 
sition contains a single surface active agent having an HLB 
value betWeen about 7 and 14, or more than one surface active 
agent and the Weighted average of their HLB values is 
betWeen about 7 and about 14. Mid range HLB values may in 
certain embodiments be more suitable for oil in Water emul 
sions. 
[0187] According to one or more other embodiments the 
composition contains a single surface active agent having an 
HLB value betWeen about 9 and 20, or more than one surface 
active agent and the Weighted average of their HLB values is 
betWeen about 9 and about 20. 
[0188] In a Waterless or substantially Waterless environ 
ment a Wide range of HLB values may be suitable; hoWever, 
surfactants of the loW range are sometimes preferred. 
[0189] Preferably, the composition of the present invention 
contains a non-ionic surfactant. Nonlimiting examples of 
possible non-ionic surfactants include: 

[0190] Polyoxyethylene sorbitan esters (polysorbates), 
such as Polysorbate 20 (polyoxyethylene (20) sorbitan 
monolaurate), Polysorbate 40 (polyoxyethylene (20) 
sorbitan monopalmitate), Polysorbate 60 (polyoxyeth 
ylene (20) Sorbitan monostearate) and Polysorbate 80 
(polyoxyethylene (20) sorbitan monooleate). 

[0191] Sorbitan esters, such as Span 20 (Sorbitan mono 
laurate), Span 40 (Sorbitan monopalmitate), Span 60 
(Sorbitan monostearate), Span 65 (Sorbitan tristearate), 
Span 80 (Sorbitan monooleate). 

[0192] Polyoxyethylene fatty acid esters, such as, PEG-8 
Stearate, PEG-20 Stearate, PEG-40 Stearate, PEG-100 
Stearate, PEG-150 Distearate, PEG-8 laurate, PEG-l0 
laurate, PEG-l2 laurate, PEG-20 laurate, PEG-8 oleate, 
PEG-9 oleate, PEG-l0 oleate, PEG-l2 oleate, PEG-l5 
oleate and PEG-20 oleate. 

[0193] PEG-Fatty Acid Diesters, such as PEG-20 dilau 
rate, PEG-20 dioleate, PEG-20 distearate, PEG-32 
dilaurate and PEG-32 dioleate. 

[0194] Polyethylene glycol (PEG) ethers of fatty alco 
hols, e.g., Isoceteth-20, Laureth-4, Laureth-9, Laureth 
23, Ceteth-2, Ceteth-lO, Ceteth-20, Steareth-2, Ste 
areth-7, Steareth- l 0, Steareth-20, Steareth-2l , Steareth 
100, Steareth-200, Oleth-2, Oleth-3, Oleth-5, Oleth-lO, 
Oleth-20, Ceteareth-6, Ceteareth-l2, Ceteareth-l7, Cet 
eareth-20, Ceteareth-25, Ceteareth-50, Ceteareth-80, 
Cetoleth-5, Cetoleth-lO, Pareth-l2, Pareth-23, Cl2-l3 
Pareth-3, Cl2-l3 Pareth-4. 

[0195] Glycerol esters, such as glyceryl monostearate, 
glyceryl monolaurate, glyceryl monopalmitate and 
glyceryl monooleate 

[0196] PEG-fatty Acid Mono- and di-ester Mixturesi 
several PEG-fatty acid esters are marketed commer 
cially as mixtures or mono- and diesters. 

[0197] Polyethylene Glycol Glycerol Fatty Acid Esters, 
such as PEG-7 Glyceryl Cocoate, PEG-7 Glyceryl 
Cocoate, PEG-20Almond Glycerides, PEG-l2 glyceryl 
laurate, PEG-20 glyceryl laurate, PEG-30 glyceryl lau 
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rate, PEG-40 glyceryl laurate, PEG-20 glyceryl oleate, 
and PEG-30 glyceryl oleate. 

[0198] Alcohol-Oil Transesteri?cation Products such as 
PEG-5 hydrogenated castor oil, PEG-6 almond oil, 
PEG-6 caprylic/capric glycerides, PEG-6 peanut oil, 
PEG-6 corn oil, PEG-6 apricot kernel oil, PEG-6 tri 
olein, PEG-7 hydrogenated castor oil, PEG-8 caprylic/ 
capric glycerides, PEG-8 corn oil, PEG-9 hydrogenated 
castor oil, PEG-20 corn glycerides, PEG-20 almond 
glycerides, PEG-25 hydrogenated castor oil, PEG-25 
trioleate, PEG-35 castor oil, PEG-40 hydrogenated cas 
tor oil, PEG-60 com glycerides, PEG-60 almond oil, 
PEG-40 palm kernel oil, PEG-50 castor oil, PEG-50 
hydrogenated castor oil. Also included as oils in this 
category of surfactants are oil-soluble vitamins, such as 
vitamins A, D, E, K, ect. Thus, derivatives of these 
vitamins, such as tocopheryl PEG-100 succinate, are 
also suitable surfactants. 

[0199] Polyglycerized Fatty Acids, such as polyglyceryl 
oleate, polyglyceryl-2 dioleate, and polyglyceryl-10 tri 
oleate (hydrophobic); and polyglyceryl-10 laurate, 
polyglyceryl-10 oleate, and polyglyceryl-10 mono, 
dioleate (hydrophilic). Polyglyceryl polyricinoleates 
are also preferred hydrophilic and hydrophobic surfac 
tants. 

[0200] Propylene glycol fatty acid esters, such as propy 
lene glycol monolaurate, propylene glycol ricinoleate, 
propylene glycol monooleate, propylene glycol dicapry 
late/dicaprate and propylene glycol dioctanoate. 

[0201] Mono- and diglycerides, such as glyceryl 
monooleate, glyceryl ricinoleate, glyceryl laurate, glyc 
eryl dilaurate, glyceryl dioleate, glyceryl mono/dioleate, 
glyceryl caprylate/caprate, caprylic acid mono/diglyc 
erides, and mono- and diacetylated monoglycerides. 

[0202] Sterol and sterol derivatives, such as PEG-24 cho 
lesterol ether. 

[0203] Sugar esters (mono-, di- and tri-esters of sucrose 
With fatty acids), such as sucrose monopalmitate and 
sucrose monolaurate. 

[0204] Polyethylene glycol alkyl phenols 
[0205] The folloWing table provides by examples the HLB 
values of various non-ionic surfactants, sorted by HLB from 
loWest (hydrophobic) to highest (hydrophilic). 

Glycol Distearate HLB = 1 
Sorbitan Trioleate HLB = 1.8 

Propylene Glycol Isostearate HLB = 2.5 
Glycol Stearate HLB = 2.9 

Sorbitan Sesquioleate HLB = 3.7 
Glyceryl Stearate HLB = 3.8 
Lecithin HLB = 4 

Sorbitan Oleate HLB = 4.3 

Sorbitan Monostearate NF HLB = 4.7 

Sorbitan Stearate HLB = 4.7 

Sorbitan Isostearate HLB = 4.7 

Steareth-2 HLB = 4.9 

Oleth-2 HLB = 4.9 

Glyceryl Laurate HLB = 5.2 
Ceteth-2 HLB = 5.3 

PEG-30 Dipolyhydroxystearate HLB = 5.5 
Glyceryl Stearate SE HLB = 5.8 
PEG-4 Dilaurate HLB = 6 

Methyl Glucose Sesquistearate HLB = 6.6 
Sorbitan Laurate HLB = 8.6 

PEG-40 Sorbitan Peroleate HLB = 9 

Laureth-4 HLB = 9.7 
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-continued 

PEG-7 Glyceryl Cocoate HLB = 10 
PEG-2O Almond Glycerides HLB = 10 
PEG-25 Hydrogenated Castor Oil HLB = 10.8 
Stearamide MEA HLB = 11 

Polysorbate 85 HLB = 11 
PEG-7 Olivate HLB = 11 

Cetearyl Glucoside HLB = 11 
PEG-8 Oleate HLB = 11.6 

Polyglyceryl-3 Methyglucose Distearate HLB = 12 
Oleth-10 HLB = 12.4 

Oleth-lO/Polyoxyl 10 Oleyl Ether NF HLB = 12.4 
Ceteth-lO HLB = 12.9 

PEG-8 Laurate HLB = 13 

Cocalnide MEA HLB = 13.5 

Polysorbate 60 HLB = 14.9 

Polysorbate 80 HLB = 15 
Isosteareth-2O HLB = 15 

PEG-6O Almond Glycerides HLB = 15 
Polysorbate 80 HLB = 15 

PEG-2O Methyl Glucose Sesquistearate HLB = 15 
Ceteareth-2O HLB = 15.2 

Oleth-20 HLB = 15.3 

Steareth-20 HLB = 15.3 

Steareth-21 HLB = 15.5 

Ceteth-20 HLB = 15.7 

Isoceteth-2O HLB = 15.7 

Polysorbate 20 HLB = 16.7 

Laureth-23 HLB = 16.9 

PEG-100 Stearate HLB = 18.8 

Steareth-lOO HLB = 18.8 

PEG-8O Sorbitan Laurate HLB = 19.1 

[0206] In one or more embodiments of the composition 
comprises Water and a single stabilizing member, Which is at 
least one surface active agent. In such embodiments the at 
least one surface active agent is non ionic and can comprise a 

solid (for example ceteth-20) or liquid surfactant (for 
example TWeen 80) With a HLB betWeen about 9 and about 
16. As can be seen from the results in Example 8 in Which a 
non ionic surfactant alone With a HLB betWeen about 9-16 
provides a better foam quality and stability than a non ionic 
surfactant alone With a HLB value loWer than about 9 or 
higher than about 16. HoWever, in order to improve stability 
and collapse time the aqueous formulations comprise a sec 
ond stabilizing member, Which can be an appropriate poly 
meric agent (such as hydroxypropyl methylcellulose) and or 
an appropriate foam adjuvant (such as cetostearyl alcohol, 
stearyl alcohol, stearic acid and isostearic acid) or a poly 
meric agent, Which has surfactant properties such as a polox 
amer. In certain embodiments a combination of at least tWo 

stabilizing members is a synergistic combination, such as 
observed in Example 9. Also by providing tWo or more sta 
bilizing members it can alloW a Wider range of agents and or 
a broader range of HLB. In one or more other embodiments 

the formulation comprises a hydrophobic or lipophilic com 
ponent and the formulation prior to addition of the propellant 
is an emulsion. In such embodiments the surface active agent 
has a role in stabilizing the emulsion and a role in generating 
a stable breakable foam. Furthermore a system has to be 
selected such that upon addition of the propellant the emul 
sion is not destabilized. The emulsion can be an oil in Water 
emulsion or if an appropriate surfactant is used such as the 
folloWing non limiting examples of glyceryl stearate, sorbitan 
stearate, polyglyceryl oleate or other surfactants With an HLB 
value loWer than about 9, a Water in oil emulsion may be 
formed. 
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[0207] In one or more embodiments the composition is a 
Waterless composition and a single stabilizing member. The 
stabilizing member can be at least one polymeric agent, at 
least one foam adjuvant or at least one surface active agent. In 
such embodiments the at least one surface active agent is non 
ionic and can comprise a solid surface active agent, Which is 
a solid ambient temperature. In one preferred embodiment the 
surfactant generally comprises a linear molecule With a more 
polar head, for example sorbitan monostearate and or glyc 
eryl monostearate. It has been observed, for example, that 
When a surfactant With a non linear unsaturated fatty acid 
chain is used, such as sorbitan monoleate, only a bubbly 
liquid is achieved (See Example 3). This incidentally is in 
contrast to the position With an aqueous system Where for 
example TWeen 80 has been used successfully although it has 
an oleate moiety. In another preferred embodiment, in the 
context of a Waterless composition, the surfactant has a loW 
HLB value, being betWeen about 2 and about 9. In certain 
embodiments, the HLB of the solid surface active agent is 
betWeen about 2 and about 5. It has been surprisingly discov 
ered that a solid surface active agent, having loW HLB pro 
vides a foam With better quality and stability than a liquid 
and/ or a high HLB surfactant. It has been further surprisingly 
discovered that a solid surface active agent, having loW HLB 
evolves a breakable foam of quality, even Without any addi 
tional foam stabiliZing agents (such as a polymer or a foam 
adjuvant). 
[0208] In one or more embodiments the surface active 
agent is a combination of tWo or more surface active agents. 
Such a combination may be in certain cases more effective 
than a single surfactant and provides a more stable emulsion 
or improved foam quality. For example and by Way of non 
limiting explanation it has been found that by choosing tWo 
surfactants, one hydrophobic and the other hydrophilic the 
combination can produce a more stable emulsion than a 
single surfactant. In certain embodiments the combination is 
a synergistic combination. In one or more embodiments the 
difference in the HLB of tWo surfactants is about at least 2, or 
is about at least 3, or is about at least 4. 

[0209] In one or more embodiments the surfactant can be, a 
surfactant system comprising of a surfactant and a co surfac 
tant, a Waxy emulsi?er, a liquid crystal emulsi?er, an emul 
si?er Which is solid or semi solid at room temperature and 
pressure, or combinations of tWo or more agents in an appro 
priate proportion as Will be appreciated a person skilled in the 
art. Where a solid or semi solid emulsi?er combination is used 
it can also comprise a solid or semi solid emulsi?er and a 
liquid emulsi?er. 
[0210] In one or more embodiments the surface-active 
agent includes at least one non-ionic surfactant. Ionic surfac 
tants are knoWn to be irritants. Therefore, non-ionic surfac 
tants are preferred in applications including sensitive tissue 
such as found in most mucosal tissues, especially When they 
are infected or in?amed. We have surprisingly found that 
non-ionic surfactants alone can provide formulations and 
foams of good or excellent quality in the carriers and compo 
sitions disclosed herein. 

[0211] Yet, in certain embodiments, the foamable compo 
sition includes a mixture of at least one non-ionic surfactant 
and at least one ionic surfactant, selected from the group of 
anionic, cationic, ZWitterionic, amphoteric and ampholytic 
surfactants, in a ratio in the range of about 100:1 to 6: 1. In one 
or more embodiments, the non-ionic to ionic surfactant ratio 
is greater than about 6: 1, or greater than about 8: 1; or greater 
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than about 14: 1, or greater than about 16: 1, or greater than 
about 20: 1. In further embodiments, surface active agent 
comprises a combination of a non-ionic surfactant and an 
ionic surfactant, at a ratio of betWeen 1:1 and 20:1. 
[0212] In selecting a suitable surfactant or combination 
thereof it should be borne in mind that the upper amount of 
surfactant that can be used may be limited by the shakability 
of the composition. In general terms, as the amount of non 
liquid surfactant is increased the shakability of the formula 
tion reduces until a limitation point is reached Where the 
formulation becomes non shakable and unsuitable. Thus in an 
embodiment any effective amount of surfactant may be used 
provided the formulation remains shakable. In other certain 
exceptional embodiments the upper limit may be determined 
by ?oWability such as in circumstances Where the composi 
tion is marginally or apparently non shakable. Thus in an 
embodiment any effective amount of surfactant may be used 
provided the formulation remains ?oWable. 
[0213] In certain embodiments the amount of surfactant or 
combination of surfactants is betWeen about 0.05% to about 
20%; betWeen about 0.05% to about 15%; or betWeen about 
0.05% to about 10%. In a preferred embodiment the concen 
tration of surface active agent is betWeen about 0.2% and 
about 8%. In a more preferred embodiment the concentration 
of surface active agent is betWeen about 1% and about 6%. In 
certain embodiments by comprising a second or a second and 
a third stabiliZing member it is possible to minimiZe the 
amount of surfactant used in the formulation, for example 
such that the surface active agent is betWeen about 0.5% and 
about 3%. 
[0214] If the composition as formulated is a substantially 
non shakable composition it is nevertheless possible as an 
exception in the scope disclosed herein for the formulation to 
be ?oWable to a su?icient degree to be able to How through an 
actuator valve and be released and still expand to form a good 
quality foam. This surprising and unusual exception may be 
due one or more of a number of factors such as the high 
viscosity, the softness, the lack of crystals, the pseudoplastic 
or semi pseudo plastic nature of the composition and the 
dissolution of the propellant into the formulation. 

Foam Adjuvant 

[0215] In one or more embodiments the foamable vehicle 
further includes a foam adjuvant. More particularly the foam 
adjuvant is preferably a fatty acid or a fatty alcohol. Foam 
adjuvants, as de?ned herein are also useful in facilitating 
improved spreadability and absorption of the composition. 
[0216] In one or more embodiments the foam adjuvant 
includes fatty alcohols having 15 or more carbons in their 
carbon chain, such as cetyl alcohol and stearyl alcohol (or 
mixtures thereof). Other examples of fatty alcohols are 
arachidyl alcohol (C20), behenyl alcohol (C22), 1-triacon 
tanol (C30), as Well as alcohols With longer carbon chains (up 
to C50). 
[0217] In one or more embodiments the foam adjuvant 
includes fatty acids having 16 or more carbons in their carbon 
chain, such as hexadecanoic acid (C16) stearic acid (C18), 
arachidic acid (C20), behenic acid (C22), octacosanoic acid 
(C28), as Well as fatty acids With longer carbon chains (up to 
C50), or mixtures thereof. As for fatty alcohols, the amount of 
fatty acids required to support the foam system is inversely 
related to the length of its carbon chain. 
[0218] In one or more embodiments, a combination of a 
fatty acid and a fatty alcohol is employed. 
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[0219] Optionally, the carbon atom chain of the fatty alco 
hol or the fatty acid may have at least one double bond. A 
further class of foam adjuvant includes a branched fatty alco 
hol or fatty acid. The carbon chain of the fatty acid or fatty 
alcohol also can be substituted With a hydroxyl group, such as 
12-hydroxy stearic acid. 
[0220] An important property of the fatty alcohols and fatty 
acids used in context of the composition disclosed herein is 
related to their therapeutic properties per se. Long chain 
saturated and mono unsaturated fatty alcohols, e.g., stearyl 
alcohol, erucyl alcohol, arachidyl alcohol and behenyl alco 
hol (docosanol) have been reported to possess antiviral, anti 
infective, antiproliferative and anti-in?ammatory properties 
(see, U.S. Pat. No. 4,874,794). Longer chain fatty alcohols, 
e.g., tetracosanol, hexacosanol, heptacosanol, octacosanol, 
triacontanol, etc., are also knoWn for their metabolism modi 
fying properties and tissue energizing properties. Long chain 
fatty acids have also been reported to possess anti-infective 
characteristics. 
[0221] In one or more embodiments, a combination of a 
foam adjuvant and a polymeric agent is employed. In certain 
embodiments the combination is synergistic, for example as 
observed in Example 5 Part B, Where stearyl alcohol and 
hydroxypropyl methylcellulose Were noted to have a syner 
gistic effect. 
[0222] In one or more embodiments, a combination of a 
foam adjuvant and a surface active agent is employed. 
[0223] In one or more embodiments, a combination of a 
foam adjuvant and a polymeric agent is employed. 
[0224] In one or more embodiments, a combination of a 
foam adjuvant, a polymeric agent and a surface active agent is 
employed. 

Polymeric Agent 

[0225] In one or more embodiments, the composition dis 
closed herein contains a polymeric agent selected from the 
group consisting of a bioadhesive agent, a gelling agent, a 
?lm forming agent and a phase change agent. A polymeric 
agent enhances the creation of foam having ?ne bubble struc 
ture, Which does not readily collapse upon release from the 
pressurized aerosol can. The polymeric agent serves to stabi 
lize the foam composition and to control drug residence in the 
target organ. In certain embodiments the polymer can have 
surfactant like properties and contribute to the stabilization of 
emulsion formulations, such as poloxamer or pemulen. 
[0226] Exemplary polymeric agents include, in a non-lim 
iting manner, naturally-occurring polymeric materials, such 
as locust bean gum, sodium alginate, sodium caseinate, egg 
albumin, gelatin agar, carrageenin gum, sodium alginate, 
xanthan gum, quince seed extract, tragacanth gum, guar gum, 
cationic guars, hydroxypropyl guar gum, starch, amine-bear 
ing polymers such as chitosan; acidic polymers obtainable 
from natural sources, such as alginic acid and hyaluronic 
acid; chemically modi?ed starches and the like, carboxyvinyl 
polymers, polyvinylpyrrolidone, polyvinyl alcohol, poly 
acrylic acid polymers, polymethacrylic acid polymers, poly 
vinyl acetate polymers, polyvinyl chloride polymers, polyvi 
nylidene chloride polymers and the like. 
[0227] Additional exemplary polymeric agents include 
semi-synthetic polymeric materials such as cellulose ethers, 
such as methylcellulose, hydroxypropyl cellulose, hydrox 
ypropyl methylcellulose, hydroxyethyl cellulose, hydroxy 
propylmethyl cellulose, methylhydroxyethylcellulose, meth 
ylhydroxypropylcellulose, hydroxyethylcarboxymethylcel 
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lulose, carboxymethyl cellulose, carboxymethylcellulose 
carboxymethylhydroxyethylcellulose, and cationic cellulo 
ses, carbomer (homopolymer of acrylic acid is crosslinked 
With an allyl ether pentaerythritol, an allyl ether of sucrose, or 
an allyl ether of propylene, such as Carbopol® 934, Car 
bopol® 940, Carbopol® 941, Carbopol® 980 and Carbopol® 
981. Poloxamers (synthetic block copolymer of ethylene 
oxide and propylene) such as Poloxamer 124, Poloxamer 
188, Poloxamer 237, Poloxamer 338 and Poloxamer 407. 
Other useful Poloxamers are: 181, 182, 183, 184, 185, 212, 
215, 217, 231, 234, 235, 238, 331, 333, 334, 335, 401, 402, 
and 403. Polyethylene glycol, having molecular Weight of 
1000 or more (e.g., PEG 1,000, PEG 4,000, PEG 6,000 and 
PEG 10,000) also have gelling capacity and they are also 
considered polymeric agents. 
[0228] In one or more embodiments the polymer is hydrox 
ypropyl methyl cellulose, for example Where the formulation 
is Waterless and a single stabilizing member is utilized, the 
polymeric agent comprises hydroxypropyl methyl cellulose. 
[0229] Mixtures of the above polymeric agents are contem 
plated. 
[0230] In one or more embodiments the polymer is used in 
combination With another stabilizing member, Which can be a 
surfactant and or a foam adjuvant. 
[0231] The concentration of the polymeric agent should be 
selected so that the composition, after ?lling into aerosol 
canisters and pressurized With propellant, is ?oWable, and can 
be shaken in the canister. In one or more embodiments, the 
concentration of the polymeric agent is selected such that the 
viscosity of the composition, prior to ?lling of the composi 
tion into aerosol canisters, is less than about 30,000 CP, and 
more preferably, less than about 15,000 CP. In one or more 
embodiments, the viscosity of the composition, prior to ?lling 
of the composition into aerosol canisters, is less than about 
10,000 CP, or less than about 5,000 CP, or less than about 
3,000 CP. 

Combination of a Foam Adjuvant and a Polymeric Agent 

[0232] Interestingly, When a foam adjuvant (e.g., stearyl 
alcohol) alone or a polymeric agent (e.g., hydroxypropyl 
methylcellulose) alone is used With DMSO, a foam of good 
quality is obtained, but it quickly collapses upon exposure to 
360 C. (collapse time 10 and 30 sec respectively), as shoWn in 
formulations D21 and D07. HoWever, surprisingly, When 
these tWo components are combined With DMSO, they act 
synergistically to produce a good quality foam With a collapse 
time of 120 seconds as shoWn in formulation D22 (See 
Example 5 Part B). 

Optional Organic Carriers 

[0233] Optionally, the foamable composition further 
includes at least one organic carrier selected from the group 
consisting of a hydrophobic organic carrier, a petrolatum, an 
organic protic polar solvent, and mixtures thereof, at a con 
centration of about 2% to about 50% by Weight. 

Hydrophobic Solvent/Emollient 

[0234] One or more hydrophobic solvents are optionally 
included in the composition, in order to add to the sensory 
properties of the composition and/or in order to impart skin 
conditioning properties. In an embodiment, the hydrophobic 
solvent is an emollient, i.e., a substance that softens and 
soothes the skin. Emollients are used to correct dryness and 
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scaling of the skin. The hydrophobic solvent and/ or the emol 
lient can be selected from the group consisting of mineral oil, 
alkyl esters of fatty acids such as isopropyl palmitate, isopro 
pyl isostearate, diisopropyl adipate, diisopropyl dimerate, 
octyl palmitate, cetyl lactate, cetyl ricinoleate, tocopheryl 
acetate, acetylated lanolin alcohol, cetyl acetate, phenyl tri 
methicone, glyceryl oleate, tocopheryl linoleate, Wheat germ 
glycerides, arachidyl propionate, myristyl lactate, decyl ole 
ate, ricinoleate, isopropyl lanolate, pentaerythrityl tetrastear 
ate, neopentylglycol dicaprylate/dicaprate, isononyl 
isononanoate, isotridecyl isononanoate, myristyl myristate, 
triisocetyl citrate, octyl dodecanol, maleated soybean oil, 
unsaturated or polyunsaturated oils, such as olive oil, corn oil, 
soybean oil, canola oil, cottonseed oil, coconut oil, sesame 
oil, sun?oWer oil, borage seed oil, syZigium aromaticum oil, 
hempseed oil, herring oil, cod-liver oil, salmon oil, ?axseed 
oil, Wheat germ oil, evening primrose oils; essential oils; and 
silicone oils, such as dimethicone, cyclomethicone, polyalkyl 
siloxane, polyaryl siloxane, polyalkylaryl siloxane, a poly 
ether siloxane copolymer and a poly(dimethylsiloxane) 
(diphenyl-siloxane) copolymer. In certain embodiments the 
carrier is a petrolatum. 
[0235] While the aprotic polar solvent and Water are gen 
erally miscible, When a hydrophobic carrier is included to the 
composition, it is necessary to create an emulsionbetWeen the 
Water/aprotic polar solvent mixture and the hydrophobic car 
rier. Even When the composition is Waterless, the hydropho 
bic carrier is typically insoluble in the aprotic solvent, and 
therefore it is necessary to create an emulsion betWeen the 
aprotic polar solvent and the hydrophobic carrier. 

Protic Polar Solvent 

[0236] A “protic polar solvent” is an organic solvent that 
has a hydrogen atom bound to an oxygen as in a hydroxyl 
group or a nitrogen as in an amine group. They are typically 
soluble in both Water and oil. 
[0237] In one or more embodiments, the formulation can 
comprise a protic polar solvent. 
[0238] In one or more embodiments, the protic polar sol 
vent is a polyol. Polyols are organic substances that contain at 
least tWo hydroxy groups in their molecular structure. 
[0239] In one or more embodiments, the protic polar sol 
vent contains an diol (a compound that contains tWo hydroxy 
groups in its molecular structure), such as propylene glycol 
(e.g., 1,2-propylene glycol and 1,3-propylene glycol), 
butanediol (e.g., 1,4-butaneediol), butanediol (e.g., 1,3-bu 
taneediol and 1,4-butenediol), butynediol, pentanediol (e.g., 
1,5-pentanediol), hexanediol (e.g., 1,6-hexanediol), 
octanediol (e. g., 1,8-octanediol), neopentyl glycol, 2-methyl 
1,3-propanediol, diethylene glycol, triethylene glycol, tetra 
ethylene glycol, dipropylene glycol and dibutylene glycol. 
[0240] In one or more embodiments, the polar solvent con 
tains a triol (a compound that contains three hydroxy groups 
in its molecular structure), such as glycerin and 1,2,6-Hexan 
etriol. 
[0241] Additional examples of protic polar solvents 
include polyols, such as glycerol (glycerin), propylene gly 
col, hexylene glycol, diethylene glycol, propylene glycol 
n-alkanols, terpenes, di-terpenes, tri-terpenes, terpen-ols, 
limonene, terpene-ol, 1-menthol, dioxolane, ethylene glycol, 
other glycols, alkanols, such as dialkylamino acetates, and 
admixtures thereof. dimethyl isosorbide, ethyl proxitol, dim 
ethylacetamide (DMAc) and alpha hydroxy acids, such as 
lactic acid and glycolic acid. 
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[0242] According to still other embodiments, the polar sol 
vent is a polyethylene glycol (PEG) or PEG derivative that is 
liquid at ambient temperature, including PEG200 (MW (mo 
lecular Weight) about 190-210 kD), PEG300 (MW about 
285-315 kD), PEG400 (MW about 380-420 kD), PEG600 
(MW about 570-630 kD) and higher MW PEGs such as PEG 
4000, PEG 6000 and PEG 10000 and mixtures thereof. 
[0243] LoWer molecular Weight alcohols can sometimes be 
more potent as a solvent, for example by extracting lipids 
from the skin layers more effectively, Which characteristic 
can adversely affect the skin structure and cause dryness and 
irritation. So Where a loWer molecular Weight alcohol is used 
in a formulation other ingredients are ideally selected to ame 
liorate or prevent such side effects. 

[0244] Many polar solvents, for example propylene glycol 
and glycerin, possess the bene?cial property of a heumectant. 
[0245] In one or more embodiments, the polar solvent is a 
humectant. 

Additional Components 

[0246] In an embodiment, a composition disclosed herein 
includes one or more additional components. Such additional 
components include but are not limited to anti oxidants anti 
perspirants, anti-static agents, buffering agents, bulking 
agents, chelating agents, cleansers, colorants, conditioners, 
deodorants, diluents, dyes, emollients, fragrances, hair con 
ditioners, herbal extracts, humectants, keratolytic agents, 
pearlescent aids, perfuming agents, permeation enhancers, 
pH-adjusting agents, preservatives, protectants, skin penetra 
tion enhancers, softeners, solubiliZers, sunscreens, sun block 
ing agents, sunless tanning agents, viscosity modi?ers, ?a 
vanoids and vitamins. As is knoWn to one skilled in the art, in 
some instances a speci?c additional component may have 
more than one activity, function or effect. 

Propellants 

[0247] The composition of the present invention requires 
the addition of a propellant in order to generate a foam. In one 
or more embodiments the propellant makes up betWeen about 
3% and about 45% orbetWeen about 3% and about 35% ofthe 
foamable composition, preferably betWeen about 5% and 
about 25% of the composition. In preparing the formulations 
the ingredients other than propellant are combined to 100% 
and the propellant is added thereafter so that the ratio of 
formulation to propellant can range from 100:3 to 100:45 or 
from 100:3 to 100:35 or preferably 100:5 to 100:25. In the 
case of bag in can Where the propellant is separate from the 
composition any amount can be used that is suf?cient to drive 
the contents of the bag out of the canister. In certain embodi 
ments the propellant in the bag can be the same as and in 
certain other embodiments be different from the propellant in 
the composition. 
[0248] Suitable propellants include volatile hydrocarbons 
such as butane, propane, isobutene or mixtures thereof. In one 
or more embodiments a hydrocarbon mixture AP-70 is used. 
Hydro?uorocarbon (HFC) propellants are also suitable as 
propellants in the context disclosed herein. Exemplary HFC 
propellants include 1,1,1,2 tetra?uorethane (Dymel 134), and 
1,1,1,2,3,3,3 hepta?uoropropane (Dymel 227). Dimethyl 
ether is also useful. In one or more embodiments use of 

compressed gases (e. g., air, carbon dioxide, nitrous oxide, 
and nitrogen) is also possible. Chloro ?uorocarbon propel 
lants on the other hand are no longer considered suitable for 
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use in cosmetic, pharmaceutical and other formulations due 
to inter alia the potential environmental damage that they can 
do. 
[0249] In one or more embodiments a combination of at 
least tWo propellants, selected from HFC, hydrocarbon pro 
pellants, dimethyl ether and compressed gases is contem 
plated. 
[0250] In one or more embodiments the propellant can also 
be used to expel formulation using a bag in can system or a 
can in can system as Will be appreciated by someone skilled in 
the art. In certain embodiments the part of the propellant 
system is in the formulation and part separate from the for 
mulation. In this Way it is possible to reduce the amount of 
surfactant in the formulation but still provide good expulsion 
from the canister, Where the foamable formulation is expelled 
quickly but Without jetting or noise. 

Alcohol Free 

[0251] According to one or more embodiments, the foam 
able composition is substantially alcohol-free, i.e., free of 
short chain alcohols. Short chain alcohols, having up to 5 
carbon atoms in their carbon chain skeleton and one hydroxyl 
group, such as ethanol, propanol, isopropanol, butanol, iso 
butanol, t-butanol and pentanol, are considered less desirable 
solvents or polar solvents due to their skin-irritating effect. 
Thus, the composition is substantially alcohol-free and 
includes less than about 5% ?nal concentration of loWer 
alcohols, preferably less than about 2%, more preferably less 
than about 1%. 

Alcoholic 

[0252] According to one or more certain other embodi 
ments, the foamable composition includes a short chain alco 
hol. In a preferred embodiment the short chain alcohol is 
ethanol. In one embodiment the composition is Waterless. In 
another embodiment it is aqueous or Water containing and in 
a further embodiment it is substantially non-aqueous. In vari 
ous embodiments the amount of short chain alcohol is about 
or above about 5%, about or above about 10%; about or above 
about 15% about or above about 20%. In one or more embodi 
ments the range of short chain alcohol is betWeen about 5% to 
about 25%. In certain embodiments When short chain alcohol 
is present the formulation is breakable and not thermolabile 
or substantially not therrnolabile. By substantially not ther 
molabile is meant that the foam upon expulsion onto a Warm 
body surface at about 35-370 C. does not collapse rapidly 
Within about 30 seconds. In one or more alternative embodi 
ments the formulation is therrnolabile. 
[0253] In one or more alternative embodiments the formu 
lation comprises high amounts of short chain alcohol. In 
certain embodiments the amount of short chain alcohol is 
about or above about 25%, is about or above about 30%, is 
about or above about 35%, is about or above about 40%; is 
about or above about 45%, is about or above about 50%; is 
about or above about 55% or is about or above about 60%. 
[0254] In one or more embodiments there is provided a 
composition comprising an aprotic polar solvent and a protic 
polar solvent, in Which the protic polar solvent can be a short 
chain alcohol. Such a combination may conceivably contrib 
ute to directed skin delivery of active agents. 

Aprotic-Aqueous Fomulations 

[0255] In certain cases, the active agent is soluble in the 
presence of Water, and therefore, in such cases the presence of 

Apr. 12, 2012 

Water in the composition can be desirable. In certain preferred 
embodiments, the composition comprises only a small 
amount of Water. In other embodiments Water is a substantial 
component. In one or more embodiments the range of Water 
can be from about 0.1% to about 5%, or from about 5% to 
about 15%, or from about 15% to about 25%, or from about 
25% to about 35%, or from about 35% to about 45%, or from 
about 45% to about 55%, or from about 55% to about 65%, or 
from about 55% to about 65%, or from about 65% to about 
75%, or from about 75% to about 85% or from about 5% to 
about 85%, or from about 10% to about 75%. In one or more 
embodiments the formulation can be aprotic-hydroalcoholic. 

Waterless Formulations 

[0256] In certain cases, the active agent degrades in the 
presence of Water, and therefore, in such cases the presence of 
Water in the composition is not desirable. Thus, in certain 
preferred embodiments, the composition is substantially non 
aqueous. The term “substantially non-aqueous” or “substan 
tially Waterless” is intended to indicate that the composition 
has Water content beloW about 5%, preferably beloW about 
2%, such as beloW about 1.5%. In certain other preferred 
embodiments the composition is non aqueous or Waterless. 

[0257] By non aqueous or Waterless is meant that the com 
position contains no or substantially no, free or unassociated 
or absorbed Water. It Will be understood by a person of the art 
that the Waterless solvents and substances miscible With them 
disclosed herein can be hydrophilic and can contain Water in 
an associated or entrapped or absorbed form and may absorb 
Water from the atmosphere and the ability to do so is its 
hygroscopic Water capacity. It is intended that essentially 
non-aqueous formulations are included Within its scope such 
that the formulations may have present a small amount of 
Water. In some embodiments the composition ingredients are 
pretreated to reduce, remove or eliminate any residual or 
associated or absorbed Water. 

Modulating Agent 

[0258] In one or more embodiments the formulation 
includes a modulating agent, The term modulating agent is 
used to describe an agent Which can improve the stability of or 
stabiliZe a foamable carrier or composition and or an active 
agent by modulating the effect of a substance or residue 
present in the carrier or composition. 
[0259] In one or more embodiments the substance or resi 
due may for example be acidic, basic or a buffer system and 
potentially alter an arti?cial pH in a Waterless or substantially 
non-aqueous environment or it may be one or more metal ions 
Which may act as a potential catalyst in a Waterless or sub 
stantially non aqueous environment. In various certain 
embodiments it may be an ioniZation agent or an anti oxidiZa 
tion agent or a ?avanoid or mixtures thereof that are effective 
in a Waterless or substantially non aqueous environment. The 
modulating agent may in one or more embodiments act to 
modulate the ionic or polar characteristics and any acid-base 
balance of a Waterless or substantially non-aqueous carrier, 
composition, foamable carrier or foamable composition or 
resultant foam disclosed herein. 
[0260] In one or more other embodiments the modulating 
agent is used to describe an agent Which can affect pH in an 
aqueous solution. The agent can be any of the knoWn buffer 
ing systems used in pharmaceutical or cosmetic formulations 
as Would be appreciated by a man of the art. It can also be an 
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organic acid, a carboxylic acid, a fatty acid an amino acid, an 
aromatic acid, an alpha or beta hydroxyl acid an organic base 
or a nitrogen containing compound. 
[0261] In certain embodiments the substance or residue 
may be one or more metal ions Which may act as a potential 
catalyst in a aqueous environment. In various certain embodi 
ments it may be an ioniZation agent or an anti oxidiZation 
agent or a ?avanoid or mixtures thereof that are effective in an 

aqueous environment. The modulating agent may in one or 
more embodiments act to modulate the ionic or polar charac 
teristics and any acid-base balance of an aqueous carrier, 
composition, foamable carrier or foamable composition or 
resultant foam disclosed herein. 

[0262] In certain embodiments the formulation is an emul 
sion. The emulsion may be formed prior to the addition of 
propellant or upon the introduction of propellant. The emul 
sion may be a Waterless emulsion or it may be an aqueous 
emulsion (oil in Water or oil in Water). In various certain 
embodiments the substance or residue may for example be 
acidic or basic and potentially alter pH in an emulsion envi 
ronment or it may be one or more metal ions Which may act as 
a potential catalyst in an emulsion environment. In various 
certain embodiments it may be an ioniZation agent or an anti 
oxidiZation agent or a ?avanoid or mixtures thereof that are 
effective in an emulsion environment. The modulating agent 
may in one or more embodiments act to modulate the ionic or 
polar characteristics and any acid-base balance of an emul 
sion carrier, composition, foamable carrier or foamable com 
position or resultant foam disclosed herein. 

[0263] In one or more further embodiments the modulating 
agent is a chelating or sequestering or complexing agent that 
is suf?ciently soluble or functional in the solvent to enable it 
to “mop up” or “lock” metal ions. In one or more embodi 
ments a preferred non limiting example is EDTA. 

[0264] In other embodiments the modulating agent is a 
buffer, as de?ned by Van Slyke [Van Slyke, .1. Biol. Chem. 52, 
525 (1922)], as “a substance Which by its presence in solution 
increases the amount of acid or alkali that must be added to 
cause unit change in pH.” 

[0265] Modulating agents may be added to the composi 
tions of the subject invention, preferably from about 0.1% to 
about 10%, more preferably from about 1% to about 5%, of 
the composition. Where the active agent itself is the modu 
lating agent alone or in combination With another modulating 
agent it Will be added at an effective dose Which may be 
outside these ranges. For example aZelaic acid may be at 
about 15% of the composition. 
[0266] It is important to maintain skin surface pH in order 
to prevent susceptibility to bacterial skin infections or skin 
damage and disease. Thus, adding a modulating agent, Which 
contributes to the stabilization of skin pH at the desirable 
level, is advantageous. 
[0267] In the same fashion, adding an acidic modulating 
agent to a foamable composition, Which is intended for vagi 
nal application is advantageous, since better protection 
against vaginal infection is attained With pH loWer than about 
4.5. 

[0268] Non-limiting examples of antioxidants/radical 
scavengers are ascorbic acid and derivatives, tocopherol or 
derivatives thereof (succinate, or sorbate or acetate or other 
esters), propyl galate, butylated hydroxy toluene and butyl 
hydroxy anisol. Non-limiting examples of positive ioniZation 
agents are benZyl conium chloride, and cetyl pyridium chlo 
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ride. Non-limiting examples of negative ioniZation agents are 
sodium lauryl sulfate, sodium lauryl lactylate and phospho 
lipids. 
[0269] A non-limiting list of ?avanoid compounds is: ben 
Zquercin, diosmin, ethoxaZorutoside, ?avodate, sodium hes 
peridin, leucocianido, monoxerutin, oxerutin, quercetin, 
rutoside, rosmarinic acid. 
[0270] In one or more embodiments the modulating agent 
is mixture or combination of tWo or more modulating agents. 

Composition and Foam Physical Characteristics and 
ADVANTAGES 

[0271] A pharmaceutical or cosmetic composition manu 
factured using the foamable carrier is very easy to use. When 
applied onto the a?llicted body surface of mammals, i.e., 
humans or animals, it is in a foam state, alloWing free appli 
cation Without spillage. Upon further application of a 
mechanical force, e.g., by rubbing the composition onto the 
body surface, it freely spreads on the surface and is rapidly 
absorbed. 
[0272] In one or more embodiments the foamable compo 
sition has an acceptable shelf-life of at least six months or at 
least one year, or preferably, at least tWo years at ambient 
temperature. 
[0273] The foamable compositions according to the 
present invention are stable chemically and physically. For 
example as seen in Example 14 folloWing accelerated stabil 
ity studies, the foam met the speci?ed stability and assay 
criteria. The high quality foams disclosed herein can demon 
strate desirable texture; can form ?ne bubble structures that 
do not break immediately upon contact With a surface, and 
can spread easily on the treated area and can absorb quickly. 
[0274] The composition should also preferably be free 
?oWing, to alloW it to How through the aperture of the con 
tainer, e.g., and aerosol container, and create an acceptable 
foam. 

Foam Quality 

[0275] Foam quality can be graded as folloWs: 
[0276] Grade E (excellent): very rich and creamy in appear 
ance, does not shoW any bubble structure or shoWs a very ?ne 
(small) bubble structure; does not rapidly become dull; upon 
spreading on the skin, the foam retains the creaminess prop 
erty and does not appear Watery. 
[0277] Grade G (good): rich and creamy in appearance, 
very small bubble siZe, “dulls” more rapidly than an excellent 
foam, retains creaminess upon spreading on the skin, and 
does not become Watery. 
[0278] Grade FG (fairly good): a moderate amount of 
creaminess noticeable, bubble structure is noticeable; upon 
spreading on the skin the product dulls rapidly and becomes 
someWhat loWer in apparent viscosity. 
[0279] Grade F (fair): very little creaminess noticeable, 
larger bubble structure than a “fairly good” foam, upon 
spreading on the skin it becomes thin in appearance and 
Watery. 
[0280] Grade P (poor): no creaminess noticeable, large 
bubble structure, and When spread on the skin it becomes very 
thin and Watery in appearance. 
[0281] Grade VP (very poor): dry foam, large very dull 
bubbles, dif?cult to spread on the skin. 
[0282] Topically administrable foams are typically of qual 
ity grade E or G, When released from the aerosol container. 
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Smaller bubbles are indicative of more stable foam, Which 
does not collapse spontaneously immediately upon discharge 
from the container. The ?ner foam structure looks and feels 
smoother, thus increasing its usability and appeal. 

Breakability 
[0283] A further aspect of the foam is breakability. The 
balance betWeen stability and breakability of the foam com 
ing out of the container is very delicate: on one hand the foam 
should not be “quick breaking”, i.e., it should be stable upon 
release from the pressurized container and not break as a 
result of exposure to skin temperature; and on the other hand, 
it should be “breakable”, i.e., it should spread easily, break 
doWn and absorb into the skin or membrane upon application 
of mild shear force. The foam is thermally stable, yet breaks 
under shear force. Shear-force breakability of the foam is 
clearly advantageous over thermally induced breakability. 
Thermally sensitive foams immediately or quickly collapse 
upon exposure to skin temperature and, therefore, cannot be 
usefully applied on the hand and afterwards delivered to the 
a?llicted area since transfer Would have to be effected imme 
diately. 
[0284] Breakable foam is a specialiZed loW density type of 
foam that is stable on release at least in the short time span of 
about minutes, but can break readily upon the application of 
shear force such as gentle rubbing to spread easily over a 
target surface. Unlike other types of foams, breakable foam is 
not thermolabile, nor does it display late or long-delayed 
expansion over minutes. 

Foam Density 

[0285] Another property of the foam is density (speci?c 
gravity), as measured upon release from the aerosol can. 
Typically, foams have speci?c gravity of about 0.20 g/mL or 
less, such as less than about 0.20 g/mL; or less than about 0.12 
g/mL; or less than about 0.10 g/mL; or less than about 0.08 
g/mL, depending on their composition and on the propellant 
concentration. 

Shakability 
[0286] ‘Shakability’ means that the composition contains 
some or suf?cient ?oW to alloW the composition to be mixed 
or remixed on shaking. That is, it has ?uid or semi ?uid 
properties. Shakability is described further in the section on 
Tests. 

Collapse Time 

[0287] The collapse time of foam represents its tendency to 
be temperature-sensitive and its ability to be at least short 
term stable so as to alloW a user su?icient time to comfortably 
handle and apply the foam to a target area Without being 
rushed and or concerned that it may rapidly collapse, liquefy 
and or disappear. Collapse time is examined by dispensing a 
given quantity of foam and photographing sequentially its 
appearance With time during incubation at 36° C. Thus, it is 
useful for selecting foam products, Which are “breakable” but 
not “quick breaking”, Which maintain structural stability at 
skin temperature for at least a reasonable period of time. In 
one or more embodiments it can be about more than a minute, 

about more than tWo minutes, about more than 3 minutes, 
about more than 4 minutes, about more than 5 minutes or 
longer. In one or more limited embodiments it can be shorter 
than one minute, for example about more than 50 seconds, 
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about more than 40 seconds and occasionally about more than 
30 seconds. In a preferred embodiment it can be more than 
about one minute and in a more preferred embodiment it can 
be more than about 3 minutes. Collapse time can also provide 
an indication of the rate of drainage in the foam formulation 
of the ?uid around the bubbles under the in?uence of gravity. 
Short collapse times indicate fast or rapid drainage, Whilst 
long collapse times indicate sloW drainage. 

Pharmaceutical Composition 

[0288] The foamable composition is an ideal vehicle for 
active pharmaceutical ingredients and active cosmetic ingre 
dients. In the context active pharmaceutical ingredients and 
active cosmetic ingredients are collectively termed “active 
agent” or “active agents”. In one or more embodiments the 
composition comprises a therapeutically effective concentra 
tion of at least one active agent. In one or more embodiments 
the composition comprises at least tWo therapeutic agents. In 
certain embodiments the aprotic formulation facilitates the 
combination of active agents otherWise unstable in Water, 
Which for example are unstable at different pH’s. 
[0289] Suitable active agents include but are not limited to 
an active herbal extract, an acaricides, an age spot and kera 
tose removing agent, an allergen, an alpha hydroxyl acid, an 
analgesic agent, an antiacne agent, an antiallergic agent, an 
antiaging agent, an antibacterial agent, an antibiotic, an anti 
bum agent, an anticancer agent, an antidandruff agent, an 
antidepressant, an antidermatitis agent, an antiedemic anent, 
an antifungal agent, an antihistamine, an antihelminth agent, 
an antihyperkeratolyte agent, an anti-infective agent, an anti 
in?ammatory agent, an antiirritant, an antilipemic agent, an 
antimicrobial agent, an antimycotic agent, an antioxidant, an 
antiparasitic agent, an antiproliferative agent, an antipruritic 
agent, an antipsoriatic agent, an antirosacea agent, an antise 
borrheic agent, an antiseptic agent, an antisWelling agent, an 
antiviral agent, an anti-Wart agent, an anti-Wrinkle agent, an 
antiyeast agents, an astringent, a beta-hydroxy acid, benZoyl 
peroxide, a topical cardiovascular agent, a chemotherapeutic 
agent, a corticosteroid, an immunogenic substance, a dicar 
boxylic acid, a disinfectant, a fungicide, a hair groWth regu 
lator, a haptene, a hormone, a hydroxy acid, an immunosup 
pressant, an immunoregulating agent, an immunomodulator, 
an insecticide, an insect repellent, a keratolytic agent, a lac 
tam, a local anesthetic agent, a lubricating agent, a masking 
agent, a metals, a metal oxide, a mitocide, a neuropeptide, a 
non-steroidal anti-in?ammatory agent, an oxidiZing agent, a 
pediculicide, a peptide, a protein, a photodynamic therapy 
agent, a radical scavenger, a refatting agent, a retinoid, a 
sanative, a scabicide, a self tanning agent, a skin protective 
agent, a skin Whitening agent, a steroid, a steroid hormone, a 
vasoconstrictor, a vasodilator, a vitamin, a vitamin A, a vita 
min A derivative, a vitamin B, a vitamin B derivative, a 
vitamin C, a vitamin C derivative, a vitamin D, a vitamin D 
derivative, a vitamin D analog, a vitamin F, a vitamin F 
derivative, a vitamin K, a vitamin K derivative, a Wound 
healing agent and a Wart remover. As is knoWn to one skilled 
in the art, in some instances a speci?c active agent may have 
more than one activity, function or effect. 

Encapsulation of an Active Agent 

[0290] In one or more embodiments, the active agent is 
encapsulated in particles, microparticles, nanoparticles, 
microcapsules, microsphres, nanocapsules, nanospheres, 
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liposomes, niosomes, polymer matrix, silica-gel, graphite, 
nanocrystals or microsponges. Such particles can have vari 
ous functions, such as (l) protection of the drug from degra 
dation; (2) modi?cation of the drug release rate from the 
composition; (3) control of skin penetration pro?le; and (4) 
mitigation of adverse effects, due to the controlled release of 
the active agent from the encapsulation particles. 

Solubility of an Active Agent 

[0291] In an embodiment, the active agent is not fully 
soluble in Water or, is not fully soluble in the presence of a 
hydrophobic solvent in the formulation, or is not fully soluble 
in the oil phase of the emulsion. In one or more embodiments 
the active agent is soluble in the composition or a phase 
thereof. In one or more embodiments the active agent is 
insoluble in Water and Wherein the active agent is solubiliZed 
the in the composition. In an embodiment, the aprotic polar 
solvent is present in the composition in an amount suf?cient 
to solubiliZe the active agent in the composition. In one or 
more embodiments, aprotic polar solvent acts to improve the 
solubility of an active agent. In certain preferred embodi 
ments, the active agent to be solubiliZed is selected from the 
group consisting of a non-steroidal anti-in?ammatory agent, 
a local anesthetic agent, a steroid, an immunomodulators, a 
keratolytically active agent, an anti-acne agent, an anti-rosa 
cea agent, an antiinfective agent and an anti-psoriasis agent. 
In a preferred embodiment the active agent to be solubiliZed 
is diclofenac. In one or more embodiments a protic solvent 
acts to improve solubility of an active agent. In one or more 
embodiments the delivery of the active agent is improved by 
the aprotic solvent and or protic solvent. 
[0292] In one or more embodiments the active agent is 
intended for transdermal delivery. In certain embodiments the 
aprotic polar solvent in included in the composition in a 
concentration Which is su?icient to increase the rate of 
absorption of such active agent through organic tissues 
including skin and nails. 

Exemplary Groups of Active Agents 

NSAID 

[0293] In an embodiment, the active agent is a non-steroi 
dal anti-in?ammatory agent. In the context a nonsteroidal 
antiin?ammatory agent (also termed herein “NSAID”) is a 
pharmaceutically active compound, other than a corticoster 
oid, Which affects the immune system in a fashion that results 
in a reduction, inhibition, prevention, amelioration or preven 
tion of an in?ammatory process and/or the symptoms of 
in?ammation and or the production pro-in?ammatory cytok 
ines and other pro-in?ammatory mediators, thereby treating 
or preventing a disease that involves in?ammation. 

[0294] In one or more embodiments, the NSAID is an 
inhibitor of the cyclooxygenase (COX) enZyme. TWo forms 
of cyclooxygenase are knoWn today: the constitutive 
cyclooxygenase (COX-1); and the inducible cyclooxygenase 
(COX-2), Which is pro-in?ammatory. Thus, in one or more 
embodiments, the NSAID is selected from the group consist 
ing of a COX-l inhibitor, a COX-2 inhibitor or a non-selective 
NSAID, Which simultaneously inhibits both COX-1 and 
COX-2. 
[0295] In one or more embodiments, the NSAID is salicylic 
acid a salicylic acid derivatives. Exemplary salicylic acid 
derivative include, in a non limiting fashion, aspirin, sodium 
salicylate, choline magnesium trislicylate, salsalate, 

Apr. 12, 2012 

di?unisal, salicylsalicylic acid, sulfasalaZine, olsalaZine, 
esters of salicylic acid With a carboxylic acid, esters of sali 
cylic acid With a dicarboxylic acid, esters of salicylic acid 
With a fatty acid, esters of salicylic acid With a hydroxyl fatty 
acid, esters of salicylic acid With an essential fatty acid, esters 
of salicylic acid With a polycarboxylic acid, and any com 
pound Wherein salicylic acid is linked to an organic moiety 
through a covalent bond. 
[0296] In one or more embodiments, the NSAID is para 
aminophenol (e. g., acetaminophen) and salts and derivatives 
thereof. 
[0297] In one or more embodiments, the NSAID is an 
indole or an indole-acetic acid derivative (e.g., indomethacin, 
sulindac, etodolac) and salts and derivatives thereof. 
[0298] In one or more embodiments, the NSAID is an aryl 
acetic acids (e.g., tolmetin, diclofenac, ketorolac) and salts 
and derivatives thereof. 
[0299] In one or more embodiments, the NSAID is an aryl 
propionic acid and salts and derivatives thereof. Exemplary 
arylpropionic acid derivative include, in a non limiting fash 
ion, are ibuprofen, naproxen, ?ubiprofen, ketoprofen, feno 
profen, oxaproZin. 
[0300] In one or more embodiments, the NSAID is anthra 
nilic acids or an anthranilic acid derivative, also termed 
“fenamates” (e.g., mefenamic acid, meclofenamic acid) and 
salts and derivatives thereof. 
[0301] In one or more embodiments, the NSAID is selected 
from the group of enolic acids, enolic acid salts, enolic acid 
esters, amides, anhydrides and salts and derivatives thereof. 
Non-limiting examples of enolic acid derivatives include oxi 
cams (piroxicam, tenoxicam) and pyraZolidinediones (phe 
nylbutaZone, oxyphenthratraZone) 
[0302] Yet, in additional embodiments, the NSAID is an 
alkanone (e.g., nabumetone). 
[0303] Selective COX-2 Inhibitors include, in an exem 
plary manner diaryl-substituted furanones (e.g., Rofecoxib); 
diaryl-substituted pyraZoles (e.g., Celecoxib); indole acetic 
acids (e.g., Etodolac); and sulfonanilides (e.g., Nimesulide) 
and salts and derivatives thereof. 
[0304] In an embodiment, the aprotic polar solvent is 
present in the composition in an amount su?icient to solubi 
liZe the NSAID, as exempli?ed herein by the solubiliZation of 
diclofenac. 

Local Anesthetic Agents 

[0305] In an embodiment, the active agent is a local anes 
thetic agent. Without limiting the scope of the invention, the 
anesthetic agent can be selected from the group consisting of 
benZocaine, lidocaine, bupivacaine, chlorprocaine, 
dibucaine, etidocaine, mepivacaine, tetracaine, dyclonine, 
hexylcaine, procaine, cocaine, ketamine, pramoxine, phenol, 
any pharmaceutically acceptable salts thereof and mixtures of 
such anesthetic agents. Any mixture of synergistically ben 
e?cial anesthetic agents is contemplated. In an embodiment, 
the aprotic polar solvent is present in the composition in an 
amount su?icient to solubiliZe the anesthetic agent. 

Steroids 

[0306] In an embodiment, the active agent is a steroid. In 
certain embodiments the steroid is a corticosteroid, including 
but not limited to, hydrocortisone, hydroxyltriamcinolone, 
alpha-methyl dexamethasone, dexamethasone-phosphate, 
beclomethsone dipropionate, clobetasol valemate, desonide, 








































