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TRANSDERMAL CREAM

CROSS-REFERENCES TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Pat. Appl. No. 62/030,540, filed on July
29,2014, and U.S. Provisional Pat. Appl. No. 62/152,674, filed on April 24, 20135, which

applications are incorporated herein by reference in thewr cotirety.

BACKGROUND OF THE INVENTION
Hormone Replacement Therapy (HRT) is a medical treatment that involves the use of one or
more of a group of medications designed to increase hormone levels in women who lack
adequate hormone production. HRT can mitigate and prevent symptors caused by
diminished circulating estrogen and progesterone hormones in a pre-menopausal, peri-

menopausal, menopausal, or post-toenopausal subject.

Progesterone (CAS# 57-83-0), also known as P4 (pregn-4d-ene-3, 20-dione), is a Cy; steroid

hormone invelved in the female menstrual cycle, pregnancy, and embryogenesis of humans
and other species. Progesterone belongs to a class of horruones called progestogens, and is
the major naturally occurring, endogenous human progestogen. The use of progesterone and
its analogues has many medical applications, both to address acute conditions as well as the
fong-term decline of natural progesterone levels. Undesirable side effects exist due to
frregular, inconsistent, or decreased horrnone production in pre-, peri-, menopausal, and post-
menopausal females. Progesterone is indicated for use in the prevention of endometrial
hyperplasia in non-hysterectomized postmenopausal women who are receiving estrogen

tablets. Progesterone is also indicated for use in secondary amenorrhea.
B 3

Estradiol (CAS#H 50-28-2), also known as 17f-estradiol, oestradiol, or E2, is found
endogenously in the human body and is the primoary female sex hormone. Estradiol
contributes to regulation of estrous and menstrual reproduction cycles in females,

cvelopment of reproductive tissucs, and maintcuance of bone tissue, among other processes.
Estradiol deficiency in female subjects 18 implicated n conditions such as preterra birth, sleep

disturbances, mood changes, vulvo-vaginal atrophy, and osteoporosis.

Existing topical transdermal corapositions are formulated such that high dosages of hormones

are administered, and they suffer from progesterone’s limited absorption and bioavailability.
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Therefore, new transdermal pharmaceutical compositions for more effective delivery of
progesterone and other hormones including estradiol are needed. The mnvention disclosed

herein meets this and other needs.

BRIEF SUMMARY OF THE INVENTION
In one aspect, there is provided a fransdermal pharmacentical composition containing
progesterone, a roedium-chain o1, and d-himonene, wherein the pharmaceutical composition
is formulated as a cream for topical administration. In certain embodiments, the

pharmaceutical compeosition further includes estradiol.

In another aspect, there is provided a transdermal pharmaceutical corposition comprising
progesterone, a solubilizing agent containing a medium-chain oil, and a penetration enhancer,
wherein the pharmaceutical composition is formulated as a cream for topical administration.
In certain embodiments, the pharmaceutical composition further includes estradiol. In some
cmbodiments, the pharmaceutical composition further includes d-limonene. In a related
aspect, there 1s provided a transdermal pharmaceutical composition containing progesterong,
a medium-chain oil, and one or more members selected from the group consisting of
propylene glycol; a fatty acid ester of propylene glycol; and a glycol ether; wherein the
pharmaceutical composition is formulated as a cream for topical administration. In some
such some embodiments, the composition countains progesterone, a medium-chaim o,
propylene glycol monolaurate, dicthylene glycol monoethyl ether, and propyiene glycol. In

some such embodiments, the composition further comprises 4-limonene.

In another aspect, there are provided wcthods for treating a condition associated with a
hormone deficiency, such as progesterone deficiency or estradiol deficiency, in a subject.
Such method include adrmnistering to the subject a trausdermal pharmacentical formulation

as described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a process for making the transdermal pharmaceutical formulations disclosed

herein,

Figure 2 shows a process for testing the transdermal pharmaceutical formulations disclosed

herein.
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Figure 3 shows Franz diffusion cell flux data for progesterone compositions having different
5 5
concentrations of d-limonenc,
Figure 4 shows Franz diffusion cell flux data for progesterone compositions with and without
d-Himonene.
Figure 5A shows the change in progesterone levels following administration of an exemplary
progesterone/estradiol cream in human subjects. Changes over baseline progesterone levels
as determined from fingertip capillary fluid, saliva, and scrum samples are shown.
Figure 5B shows the data plotted on a log scale.
Figure 6A shows the change in cstradiol levels following administration of an exemplary
progesterone/cstradiol cream in human subjects. Changes over baseline estradiol levels as

determined from fingertip capillary fluid, saliva, and serum samples are shown.
Figure 6B shows the data plotted on a log scale.

Figure 7A shows g compounded crearn viewed with a bircfringence microscope using non-
polarized light (10 x 40).

Figure 7B shows a compounded cream viewed with a birefringence microscope using
polarized light (10 x 40).

Figure 7C shows Composition T as described herein viewed with a birefringence microscope
using non-polarized light (10 x 40).

Figure 7 shows Composition 1 as described herein viewed with a birefringence microscope
using polarized hight (10 x 403

Figure 7E shows Composition i as described herein viewed with a birefringence microscope
using non-polarized light (10 x 40).

Figure 7F shows Composition H as described herein viewed with a birefringence microscope
using polarized light (10 x 40).

Figure 8 shows uterine weight data collected for rats treated with estradio} or

estradiol/progesterone after ovariectomy.

Figure 9 shows uterine histologic specimens collected from rats treated with estradiol or
fed g

estradiol/progesterone after ovariectomy; specimens stained with hematoxyhin and eosin.
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Figure 10 shows vaginal histologic specimens collected from ovariectomized rats treated with
cstradiol/topical progesterone coraparced to rats treated with estradiol/subcutancous

progesterone and control groups; spectmens stained with hematoxylin and eosin.

Figure 11A shows progesterone levels observed in the plasma of ovariectomized rats treated
with cstradiol/topical progesterone, compared to rats treated with estradiol/subcutancous

progesterone and control groups.

Figure 11B shows progesterone levels observed in the salivary gland of ovaricctomized rats
treated with estradiol/topical progesterone, coraparced to rats treated with

estradiol/subcutancous progesterone and control groups.

Figure 11C shows progesterone levels gbserved in the uterus of ovariectomized rats treated
with cstradiol/topical progesterone, compared to rats treated with estradiol/subcutancous

progesterone and control groups. Geometric means are plotted for data in Figure 11C.

DETAILED DESCRIPTION OF THE INVENTION

I INTRODUCTION

Provided herein are transdermal pharmaceutical cream compositions comprising solubilized
or partially solubilized progesterone which are absorbed transdermally tollowing application
of the creams to the skin. The compositions can be absorbed and have their therapeuntic effect
locally, e.g., through skin or vaginal tissue and surrounding arcas. Generally, the
pharmaceutical compositions disclosed herein are useful in progesterone-deficient female
subjects. The compositions can also be used in conjunction with treatment of estrogen
deficiency. The creams disclosed berein exhibit excellent progesterone solubility and high
progesterone flux in in vifro penctration models (Franz diffusion cell). The creams can
minimize side effects associated with hugh doses, and provide increased bioavailability of
progesterone applied topically to skin and other tissues. Surprisingly, the compositions
described herein can be used to administer progesterone with lower levels of progesterone
metabolism as compared to other modes of administration {e.g., via subcutaneous

adrministration).
H. DEFINITIONS

(68611  As used herein, the term “pharmaceuntical composition” refers to a mixture of an

active pharmaceutical ingredient and at least one pharmaceutically acceptable excipient. The
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pharmaceutical compositions disclosed herein contain progesterone, optionally in

combination with estradiol, as active pharmaceutical ingredients.

As used herein, the term “progesierone” refers to pregn-4-ene-3,20-dione. Progesterone is
also interchangeably called P4 and is found endogenously in the human body. As used herein,
progesterone refers to the bio-identical or body-identical form of progesterone found in the

human body having the structure:

As used herein, the term “estradiol” vefers to (17f)-estra~1,3,5(10)-tricune-3,17-diol. Estradiol
is also interchangeably called 178-estradiol, oestradiol, or H2, and is found endogenously in
the human body. As used herein, estradiol refers to the bio-identical or body-identical form

of estradiol found in the buman body having the structure:

{OH

For the purposes of this disclosure, the anhydrous form or the hemihydrate form of cstradiol
can be substituted for one another by accounting for the water or lack of water according to

well-known and understood techniques.

As used herein, the term “solubilizing agent” refers to an agent or combination of agents that
solubilize or partially solhubilize progesterone or estradiol. For example and without
limitation, suitable solubilizing agents comprise medium-chain oils. Other solvents and co-
solvents that solubilize or dissolve oune or rore active pharmaceutical ingredients, such as
progesterone or estradiol, to a desirable extent can be also be included as part of the
solubilizing agent. Solubilizing agents suitable for use in the formulations disclosed herein
can countain pharmaceutical grade solubilizing agents {e.g., pharmaceutical grade medium-

chain oils). It will be understood by those of skill 1n the art that other excipients or
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components can be added to or mixed with the solubilizing agent(s) to enhance the properties
or performance of the solubilizing agent(s) or resulting formulation. Examples of such

excipients include, but are not Hmited to, surfactants, emulsifiers, thickeners, colorants, efc.

As used herein, the term “medium-chain” refers to the aliphatic chain length of fatty acid
containing molecules. “Medium-chain” specifically refers to fatty acids, fatty acid esters, or
fatty acid derivatives that contain fatty acid aliphatic tails or carbon chains having between 6

{(C6) and 14 (C14) carbon atoms.

The terms “medium-chain fatty acid” and “roedium-chain fatty acid derivative” refer to fatty
acids or fatty acid derivatives with aliphatic tails (i.e., carbon chains) having 6 to 14 carbous,
mcluding the ranges disclosed heremn. Fatty acids consist of an unbranched aliphatic carbon
chain, with at least one terminal carbon atom present in a carboxylic acid functional group.
Fatty acid derivatives include, for example, fatty acid esters and fatty acid containing
molecules, including, without limitation, mono-, di-, and tri-glycerides that include
components dertved from fatty acids, as well as fatty acid esters of cthylene glycol and
propylene glycol. It will be understood by those of skill in the art that when roore than one
fatty acid ester is present in the backbone, such as a glycerol backbone, a propylene glycol
backboue, a polyethylene glycol backbone, etc., the fatty acid esters may be the same or
different. For instance, in a triglyceride, all three of the fatty acid esters can be the same, or
two of the fatty acid esters can be the same and one can be ditferent, or all three of the fatty
acid esters can be different. In a diglyceride, the two fatty acid esters can either be the same
or different. Regardless of whether the fatty acid esters are the same or different,
substantially or predominantly all of the fatty acid esters will be medium chains. Those of
skill will appreciate that the aliphatic tails can be saturated or unsaturated (having onc or
more double bonds between carbon atoms). In some embodiments, the aliphatic tails are
saturated (i.e., having no double bonds between carbon atoms); examples include, without
timitation, caproic acid, capryvlic acid, capric acid, laurie acid, myristic acid, and derivatives
thercof. Medium-chain fatty acids or medinm-chain fatty acid derivatives include those with
aliphatic carbon chains having 6-14 carbou atorus, including those that are C6-C14, C6-C12,

CR-C14, CR-C12, C6-C10, CR-C10, or others.

As used herein, the term “oil” refers to any pharmaceutically acceptable oil, other than peanut
otl, that can suspend or solubilize any suitable amount of progestcrone or estradiol, starting

material, or precursor, including micronized progesterone or estradiol as described herein.
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As used herein, the term “medium-chain oil” refers to an otl wherein the composition of the
fatty acid fraction of the oil is substantially medium-chain (G.e., C6 to C14) fatty acids, 7.e,,
the compaosition profile of fatty acids in the oil is substantially medium-chain. The fatty acids
in the fatty fraction of the oil can be present as free fatty acids or fatty acid esters. As used
herein, “substantially” means that between 20% and 100% (inchusive of the upper and lower
lirvits ) of the fatty acid fraction of the oil s made up of medinm-chain fatty acids, i.e., fatty
acids with aliphatic carboun chaius having 6 to 14 carbon atoms. o sowe ewbodiments, about
25%%, about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%,
about 63%, about 70%, about 753%, about 80%, about 853%, about 90%, or about 93% of the
fatty acid fraction of the oil is made up of medium-chain fatty acids. As used herein,
“predominantly” means that greater than or equal to 50% of the fatty acid fraction of the o1l 1s
made up of medivm-~-chain fatty acids, e, fatty acids with aliphatic carbon chains having 6 to
14 carbon atoms. Those of skill in the art that will readily appreciate that the terms “alkyl
content” or “alkyl distribution” can be used in place of the term “fatty acid fraction” in
characterizing a given oil, and these torms are used interchangeably herein, As such,
medium-chain oils suitable for use in the formulations disclosed herein include medium-
chain oils wherein the fatty acid fraction of the otl is substantially (or predominantly)
medium-chain fatty acids, or medium-chain oils wherein the alkyl content or alkyl
distribution of the oil is substantially {or predominantly) medium-chain alkyls (C6-C14
alkvls). It wiil be understood by those of skill in the art that the medium-chain oils suitable
for use in the formulations disclosed herein are pharmaceutical grade. Examples of medium-
chain oils include, for exaraple and without limitation, mediurn-chain fatty acids, medium-
chain fatty acid esters of glycerol {e.g., for example, mono-, di-, and trighycerides), medinm-
chain fatty acid esters of propylene glycol, medium-chan fatty acid derivatives of
polyethylene glycol, and combinations thereof. It will be understood by those of skill in the
art that the medium-chain oils used in the formulations disclosed herein can be a mixture of
more than one medium-chain o1l Any mixture of mediura-chain oils can be used provided
that between 20% and 100% (inclusive of the upper and lower limits) of the fatty acid
fraction of the mixture of mediurm-chain oils is made up of medivm-chain fatty acids, f.e.,
fatty acids with aliphatic carbon chains having 6 to 14 carbon atorns. By way of example and
without limitation, the mediurn-chain oil can be a mixture of MEGLYOL 812 {caprylic/capric
triglycerides) and MIGLYOL 840 (propylene glycol dicaprylate/dicaprate), a mixture of
CAPMUL MCM {capryhic/capric triglyeerides) and MIGLYOL 812 {(caprylic/capric
trighycerides), a mixture of MIGLYOL 812, MIGLYOL 840 and Capmul MCM, efe.
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As used herein, the term “medium-chain triglyceride” refers to a compound having a glycerol
{i.e., propanc-1,2,3-triol} backbone wherein each glycerol hydroxyl group 1s esterified with a
medium-chain fatty actd as described herein. Examples of medinm-chain triglycerides
mclude, but are not limited to, caproie triglyceride, capryhic triglycernide, capric triglyceride,

and lauric triglyceride. Medium-chain triglycerides can be mixed triglycerides having two or

As used herein, the term “d-limonene” refers to (4R )-1-methyl-4-(1-methylethenyl)-
cyclohexene, which is also known by synonyms including (+)-4-isopropenyi-1-

methyleyclohexe and {(+)-p-mentha-1,8-diene.

As used herein, the term “diethylene glycol monoethyl ether” refers to 2-(2-
ethoxyethoxylethanol, which is also known by synonyms including TRANSCUTOL®,

CARBITOL™, and 3,6-dioxa-[-octanol, and pharmaceutically acceptable salts thereof,

As used herein, the term “propylence glycol monolaurate” refers to the monocster of
dodecanoic acid with 1,2-propane diol, which is alse known by synonyms including 1,2-
propanediol monolaurate, propylene glycol monododecanoate, EMALEX PGML, RIKEMAL
PL 100, and LAUROCGLYCOL™ 90,

As used herein, the term “‘stearate” refers o stearic acid, /.e., octadecanoic acid, and esters
thereof. Stearates include, but are not himited to, glycerol monostesrate, sodum F-racthyl 9-
{sulfooxy)stearate, pentacrythritol monostearate, PEG-10 stearate, PEG-14 stearate, PEG-40
stearate, PEG-2Z stearate, PEG-3 stearate, PEG-4 stearate, PEG-150 stearaie, PEG-6 stearate,
PEG-8 stearate, PEG-E stearate, PEG-75 stearate, PEG-73 distearate, PEG-3 distearate, PEG-
6 distearate, PEG-8 distearate, PEG-2 distearate, PEG-4 distearate, PEG-12 distearate, PEG-
20 distearate, PEG-32 distearate, and the hike, as well as pharmaceutically acceptable salts
thercof. A “stearate mixture” contains two or more of any of the stearates referred to herein.

Exaroples of coramercially available stearate mixtures melude GELOT™ 64,

As used herein, the term “cetyl aleohol” vefers to T-hexadecanol, which is also knowu by
synonyms including palmitoyl aicohol and #-hexadecy! alcohol. Cetyl aleohol derivatives
wclude ethylene glyeol and poly{ethylene glycol) ethers of cetyl alcobol including, but not
timited to ceteth-2, ceteth-4, ceteth-20, ceteth-R-phosphate, PEG-13 cetyl ether carboxylic
acid, and the like, as well as pharmaceutical salts thercof, A “cetyl aleohol mixture” contains
cetyl alcohol and one or more cetyl alcohol dertvatives as described herein, Alternatively, a

cetyl alcohol mixture contains two or more cetyl alcohol derivatives as deseribed herein, A
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“cetyl alcohol mixture” can also contain derivatives of stearyl alcobol (i.e., 1-octadecanol),
such as an cthylene glycol or poly(cthylence glycoly cther of stearyl alcohol (e.g., stearcth-3,
steareth-20, and the like). Hxamples of commercially available cetyl alcohol mixtures

meclude EMULCIRE™ 61.

As used herein, the term “carbomer” refers o refers to a crosshinked or non-crosshinked
poly{acrylic acid) polymer or co-polymer. Hxamples of carbomers include, but are not
himited to, CARBOPOL products such as CARBOPOL® 934, CARBOPOL® 940,
CARBOPOL® 941, CARBOPOL® 980, CARBOPOL® 981, CARBOPOL® 1342, and
CARBOPOL® 1382,

As used herein, the term “lecithin” refers to any lipid extract obtained from plant or animal
tissue. Lecithin preparations can be obtained, for example, from soybeans, chicken eggs, and
other sources. Lecithin typically contains numerous components including phospholipids,
glycolipids, sphingolipids, and neutral lipids. Phosphatidylcholines {e.g., distearoyl-sn-

phosphatidylcholine) typically make up the majority of most lecithin preparations. Lecithins

can be chemically modified, such as via hydrogenation,

As used herein, the term “propylene glycol” refers to 1,2-propanediol, which is also known

by synonyms including isopropylenc glycol and methylethyl glycol.

As used herein, the term “methyl paraben” refers to 4-hydroxybenzoic acid methyl ester,
which is also known by synonyms including methaben, methyl butex, and methyl p-

hydroxybenzoate.

As used herein, the term “propyl paraben” refers to 4-hydroxybenzoic acid propyl ester,
which is also known by synonyms inchiding protaben, propyl butex, and propyl p-

hydroxybenzoate.

[6002]  As used herein the torm, the term “citric acid” refers to 2-hydroxy-1,2,3-
propanetricarboxylic actd and pharmaceutically acceptable salts or hydrates thereot. One of
skill 1n the art will appreciate that other pharmaceutically acceptable acids can be used in

place of citric acid 1u the compositions disclosed hereiu.

As used herein, the term “sodium phosphate” refers to a salt containing a sodium cation {i.e.,
+ . . 3. .

Na'} and a phosphate anion (7.e,, PO4 ). A number of sodium phosphate salts and hydrates

can be used in the corapositions disclosed herein, including monosodiom phosphate

{dihydrate), disodium phosphate (anhydrous), and the like. One of skill in the art will
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appreciate that other pharmaceutically acceptable bases can be used in place of sodium

phosphate in the corapositions disclosed herein.

As used herein, the term “topical administration” refers to adroinistration of a composition
disclosed herein by contacting the skin or other tissue of a subject with the composition.
Topical administration of the composition can also include removing the composition from

the skin or tissue.

As used herein, the term “transdermal pharmaceutical composition” refers to a composition
containing an active pharmaceutical ingredicnt that 1s delivered through the skin or other

tissue of a subject upon topical administration.

As used herein, the terms “treatmment” and “reating” refer to full or partial treatment or
araclioration of an injury, pathology, condition, or symptom {e.g., pain), including any
objective or subjective parameter such as abatement; remission; diminishing of symptoms or
making the symptom, injury, pathology or condition more tolerable to the patient; decreasing
the frequency or duration of the symptom or condition; or, in some situations, preventing the
onsct of symptors. The treatment or araclioration of symptoms can be based on any

objective or subjective parameter; including, e.g., the result of a physical examination.

As used herein, the term “cream” refers to a soft, semi-solid, pharmaceutically and
cosractically acceptable preparation intended for external apphication to skin or other tissues.
Creams typically include an agueous base formulated as a8 water-in-oil emulsion or as an oil-

in-water emulsion.

As used herein, the term “subjoct” refers to animals such as marurnals, including, but not
limited to, primates (humans and non-humans}, cows, sheep, goats, horses, dogs, cats,
rabbits, rats, mice, and the hike. In various embodiments, the subject 18 a human, such as a

woman with a uterus.

As used herein, the term “hormone deficiency” refers to a low level of one or more hormones
it a subject. Norroal hormone levels will vary from subjoct to subject and can be determined
via known rocthods. Low hormone levels may or may not be associated with sympioms
including, but not limited to, fatigue, irregular bleeding, lowered libido, and depression.
Conditions associated with hormone deficiency include endometrial hyperplasia;
endometriosis; secondary amenorrhea; preterm birth when the subject has a shortened cervix;

menopause-related symptoms mclading, for example, vasomotor symptoms {e.g., hot flashes

10
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and night sweats); in relation to treatment of hypoestrogenism related symptoms including,
tor example and without limnttation, vasomotor symptorus, sleep disturbances, mood changes,
and vulvo-vaginal atrophy; and osteoporosis and other non~-menopausal discase states or

conditions treated with supplemental progesterone or estrogen.

As used herein, the terms “micronized progesterone” and “micronized estradiol” refer to
crystalline progesterone or estradio] with an average particle size below 1 mm (e.g., below
500 wm or below 100 pm). In sorme embodiraents, the micronized estradiol or micronized
progesterone have an X580 particle size value below about 15 microns {(um) or having an X90
particle size value below about 25 microns. In some embodiments, the micronized
progesterone or estradiol has an X90 particle size of less than S microns, The term “X 547
means that one-half (50%) of the particles in a sample are smaller in diameter than a given
onurober. For exaraple, micronized progesterone having an X350 of S microns meaos that, for a
given sample of micronized progesterone, one-half of the particles have a diameter of less
than 5 microuns. Stmilarly, the term “X80” means that ninety percent {90%) of the particles
a sample are smaller in diameter than a given number.

The term “about,” as used herein to modify a numerical value, indicates a close range
surrounding that explicit valoe, If X7 were the value, “about X7 would indicate a value
from 0.9X to 1.1X or a value from 0.95X to 1.05X. Any reference to “about X7 apecifically
indicates at least the values X, 095X, 0.96X, 0.97X, 0.98X, 0.99X, 1.01X, 1.02X, 1.03X,
1.04X, and 1.05X. Thus, “about X” is intended to teach and provide written description

support for a claim limitation of, e.g., “0.98X.”

As used herein, the term “or” shall be understood to be defined as a logical disjunction (i.e,
and/or} and shall not indicate an exchusive disjunction unless expressly indicated as such with

the terras “either,” “unless,” “alternatively,” and words of similar effect.
i TRAMSDERMAL PHARMACEUTICAL COMPOSITIONS

The pharmaceutical corpositions disclosed herein countain progesierone i combination with
substances that sohubilize or partially solubilize the progesterone and promote its transdermal
absorption. The corapositions can further inchude estradiol combined with the progesterone.
in some embodiments, there is provided a transdermal pharmaceutical composition
comprising progesterone, 4 solubilizing agent containing a medinm-chain otl, and a
penetration enhancer, wherein the pharmaceutical composition is formulated as a cream for

topical administration. In related erabodiments, there is provided a transdermal
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pharmaceutical composition containing progesterone, a medium-chain otl, and one or more
members selected from the group consisting of propyicne glycol; a fatty acid ester of
propylene glycol; and a glycol ether; wherein the pharmaceutical composition is formulated
as a cream for topical adnunistration. In some cmbodiments, the composition further

includes a terpene. In some embodiments, the terpene is d-limonene.

In a related aspect, there is provided a transdermal pharmaceutical composition containing
progesterone, a mediura-chain oil, and 4 terpene penetration enhancer, wherein the
pharmaceutical compaosition is formulated as a cream for topical administration. Various
ernbediments provide a transdermal pharmaccutical composition containing progesterone, a
mediurn~-chain oil, and d-lirnonene, wherein the pharmaceutical coraposition s formulated as

a cream for topical administration.

The transdermal pharmaceutical compositions disclosed herein can contain any amount of
progesterone suitable for treating a hormone deficiency. In certain embodiments, the
transdermal pharmacecutical compositions contain from about 1.5% (w/w) to about 3.5%
{(w/w} progesterone, based on the total weight of a given composition. The compaosttions can
contain, for example, from about 1.8% {w/w) to about 3.2% {(w/w), or from about 2.1% (w/w}
to about 2.9% (w/w), or from about 2.4% (w/w) to about 2.7% (w/w), ot from about 1.5%
{(wiw} to about 2% {(w/w), or from about 2% (w/w}) to about 2.5% {(w/w), or from about 2.5%
{(w/w} to about 3% (w/w}, or from about 3% (w/w) to about 3.5% (w/w) progesterone. The
compositions can contain about 1.5, 1.6, 1.7, 1.8, 1.9,2.0,2.1,22,23,24,2.5,26,2.7,2.8,
2.9, or 3.0% (w/w) progesterone. In some cmbodiments, the transdermal pharmaceutical
composition includes progesterone in an aroount ranging from about 1.5% (w/w} to about
3.5% {(w/w}. In some embodiments, the transdermal pharmaceutical composition includes
progesterone in an amount ranging from about 2% (w/w) to about 3% (w/w). Compositions
disclosed herein can also contain progesterone in concentrations below 1.5% (w/w) and
above 3% (w/w). lo some erobodiments, the corapositions contain progesterone in an amount
sufficient to provide a daily dose of progesterone ranging from about 8.1 mg to about 200

mg.

The transdermal pharmaceutical composttions disclosed herein can contain any amount of
estradiol suitable for treating a hormone deficiency. In certain embodiments, the transdermal
pharmaceutical compositions contain from about 0.001% {(w/w) to about 0.5% (w/w)

estradiol, based on the total weight of a given composition. In related embodiments, the
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transdermal pharmaceutical compositions contain about 0.005% (w/w} estradiol, or about
0.05% (w/w) cstradiol, based on the total weight of a given composition. The compositions
can countain, for example, from about 8.001% {w/w) to about 0.002% (w/w) estradiol, or from
about 0.002% (w/w) to about 0.005% (w/w) estradiol, or from about 0.003% {(w/w) to shout
0.01% (w/w) estradiol, or from about §.01% {(w/w) to about 8.02% (w/w) estradiol, or from
about 8.02% (w/w) to about 0.05% (w/w) estradiol, or from about 0.05% (w/w}) to about

A% (w/w) estradiol, or from about §.1% (w/w} to about 0.2% {(w/w) estradiol, or frova about
0.2% (w/w} to about 0.5% (w/w) cstradiol, or from about 0.001% (w/w) to about 0.5% {(w/w}
estradiol, or from about 0.002% (w/w) to about 0.2% (w/w}) estradiol, or from about 0.005%
{(w/w} to about 0.1% (w/w}) estradiol, or from about 0.01% (w/w) to about 8.05% (w/w}
estradiol, based on the total weight of the composition. In some embodituents, the
compositions contain estradiol in an amount sufficient to provide a daily dose of estradiol

ranging from about 0.5 mg to about 1.0 mg.

Pharmaceutical compositions disclosed herein can include solubilized progesterone or
partially solubilized progesterone, wherein the progesterone or a portion thereof is solubilized
or dissolved. In some embodiments, the progesterone 18 “partially sohubilized” with 4 portion
of the progesterone being solubilized or dissolved in the composition and a portion of the
progesterone being suspended (i e., a portion remains ruicronized) in the composition.
Partially solubilized progesterone can include progesterone that is about 1% solubilized,
about 5% solubilized, about 10% solubilized, about 15% sclubilized, about 20% solubilized,
about 25% solabilized, about 30% solabilized, about 35% solubilized, about 40% solubilized,
about 45% solubilized, about 50% solubilized, about 55% solubilized, about 60% solubilized,
about 63% solubilized, about 70% solubilized, about 75% solubilized, about 80% solubilized,
about 85% solubilized, about 90% solubilized, or about 93% solubilized. In some
embodiments, the progesterone is “fully solubilized” with all or about all of the progesterone
being solubilized or dissolved. Fully solubilized progesterone can mnelude progesterone that
is about 96% solubilized, about 97% solubilized, about 98% sohubilized, about 99%

sotubilized, or about 100% solubilized.

Compositions disclosed herein can include sohubilized estradiol wherein the estradiol or a
portion thercot is solubilized or dissolved. Solubilized estradiol can include estradiol that is
about 1% solubilized, about 5% selubilized, about 10% solubilized, about 15% solubilized,
about 20% solubilized, sbout 25% solubilized, about 30% solubilized, about 35% solubilized,

about 40% solubilized, about 45% solubilized, about 530% solubilized, about 35% solubilized,
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about 60% solubilized, about 65% solubilized, about 70% solubilized, about 75% solubilized,
about 80% solubilized, about 85% solubilized, about 90% solubilized, or about 95%
solubilized. In some erabodiments, the estradiol is “fully solubilized” with all or about all of
the estradiol being solubilized or dissolved. Fully solubilized estradiol can mchude estradiol
that is about 96% solubilized, about 97% solubilized, about 98% selubilized, about 99%

solubilized or about 100% solubilized.

In some embodirnents, one or both of the progesterone and estradiol are solubilized as
described above. In some embodiments, either the estradiol, the progesterone, or both are

fully solubilized as described above.

In various cmbodiments, progesterone and estradiol compositions disclosed herein are
prepared via blending with a solubilizing agent. In certain embodiments, the solubilizing
agent contains a pharmaccutically acceptable oil. In some embodiments, the solubilizing
agent comprises a medium-chain ot In some embodiments, the solubilizing agent contains a
medium-chain oil made up substantially of C6-C14 medium-chains, e.g., at least 20%, at least
30%, at least 40%, at least 50%, at lcast 60%, at least 70%, at least 80%, or at feast 90% of
the fatty acid csters present in the oil are C6-C14. In some embediments, the solubilizing
agent contains a mediur-chain oil made up substantially of C6-C12 medium-chain fatty acid
esters, e.g., at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%,
at lcast 80%, or at least 90% of the chains present in the ot are C6-C12. In some
embodiments, the oil comprises at least one medium-chain mono-~, di-, or triglyceride, or
derivatives thereof, or combinations thereof. In some embodiments, the medium-chain oil
comprises at least one medivra~chain fatty acid propylene glycol monoester or diester; or at
least one medium-chain fatty acid polyethylene glycol ester; or at least one medium-chain
fatty acid glyceride monoester, diester, or triester. Fatty acid esters of the glycerol, propylene
glycol, or polyethylene glycol can include, but are not limited to, esters of caproic acid {(C6),
enanthic acid {C7), caprylic acid {C8), pelargonic acid {C9), capric acid (C18), undecylic acid
(C11), lauric acid (C12), tridecylic acid (C13), or myristic acid {14}, as well as
combinations thercof. In some embodiments, the C6-C 14 oils are unsaturated. In some

embodiments, the solubilizing agent does not contain peanut oil.

In some embodiments, the solubilizing agent comprises @ medium-chain oil having one or
more mono-, di-, ot triglycerides or cormbinations thereof, Exernplary glycerides mnclude

MIGLYOLs®, which are caprylic/capric triglycerides (SASOL Germany GMBH, Hamburg).
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MIGLYOLs include MIGLYOL 810 (caprylic/capric triglyceride), MIGLYOL 812
{caprylic/capric triglyceride), MIGLYOL 816 {caprylic/capric triglyceride), and MIGLYOL
829 (caprylic/capric/succinic triglyceride). The solubilizing agent can also comprise other
capryhc/capric triglycerides, including, for cxample: caproic/caprylic/capric/lauric
triglycerides; caprylic/capric/linoleic triglycerides; and caprylic/capric/succinic triglycerides.
Exemplary caprylic/capric mono-, di-, or triglycerides include, but are not limited to,
CAPMUL MCM, CAPMUL MCM C10, CAPMUL MCM CR, CAPMUL MCM CB EP, and
CAPMUL 708 G (the CAPMUL® brands are owned by ABITEC, Columbus, Ohio). Other
mono-, di-, and triglycerides of fractionated vegetable fatty acids, and combinations or
derivatives thereof can be used in the compositions disclosed herein. For example, the
solubilizing agent can be 1,2, 3-propanctriol {glveerol, glycerin, glycerine) esters of saturated

coconut and palm kernel oil and derivatives thereof.

In some embodiments, conmercially available fatty acid glycerol and glycol esters are
prepared frow natural oils and therefore may comprise cormponents 1o addition to the fatty
acid esters that predominantly comprise and characterize the solubilizing agent. Such other
components may be, e.g., other fatty acid mono-, di-, and triglycerides, fatty acid mono- and
diester ethylene or propylene glycols, free glycerols or glycols, or free fatty acids. For
exarnple, the Technical Data Sheet by ABITEC for CAPMUL MCM C¥ describes CAPMUL
MCM CR as being composed of mono- and diglycerides of medium-chain fatty acids {mainly
caprylic) and describes the alkyl content as < 1% €6, > 95% (€8, < 5% C10, and < 1.5% 12
and higher. By way of further example, MIGLYOL 812 is described as a caprylic/capric
triglyceride having a fatty acid composition with 65-80% caprylic (C¥) acid and 20-35%
capric {C10) acid. However, it can also contain small arnounts of other fatty acids, e.g., a
maxinum of about 2% of caproic (C6) acid and lauric (C12) acid, and a maximum of about

1% myristic (C14) acid.

Any suitable amount of meedivm-~-chain o1l can be used in the corapositions disclosed herein.
In general, the transdermal pharmaceutical compositions contain from about 10% (w/w) to
about 30% (w/w). The compositions can contain, for example, from about 14% {w/w} to
about 26% (w/w) medium-~chain otl, or from about 18% {(w/w} to about 22% (w/w) medium-
chain otl, or from about 10% (w/w} to about 25% (w/w) medium-chain oil, or from about
10% (wiw) to about 20% (w/w) medium-chain oil, or from about 10% (w/w) to about 15%
{(w/w) medium-chain oil, or from about 15% (w/w) to about 20% {w/w} medium-chain oil, or

.

from about 20% (w/w} to about 25% (w/w} medium-chain oil, or from about 25% {(w/w) to
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about 30% (w/w) medium-~chain otl. The compositions can contain about 19, 11, 12, 13, 14,
15,16, 17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30% (w/w} macdium-chain oil. In
some embodiments, the transdermal pharmaceutical composition includes a medivm-chain oil
i an amount ranging from about 10% {(w/w) to about 30% (w/w). In some cmbodiments, the
transdermal pharmaceutical composition includes a medium-chain otl in an amount ranging

frorn about 15% (w/w) to about 25% (w/w).

In some embodiments, the medium-chain oil includes g mixture of medium-chain
trighycerides. In some embodiments, the mixture of medium-chain otls contains
caprylic/capric triglycerides. Examples of mixtures of medium-chain triglycerides include

MIGLYOL 812, MIGLYOL 840, erc.

In addition to a solubilizing agent, the compositions disclosed herein generally contain one or
more penctration enhancers which promote the transdermal delivery of hormones through the
skin. Examples of suitable penetration enhancers include, but are not limited, to: alkvl
methyl sulfoxides (such as dimethyl suifoxide, decylmethyl sulfoxide, tetradecylmethyl
sulfoxide, and the like); pyrrolidones (such as 2-pyrrolidone, N-wethyl-2-pyrrohdone, N-(2-
hydroxyethyl}-pyrrolidone, and the like); laurocapram; acctone; dimethyl acetamide;
dimethyl formamide; tetrahydroturfuryl aleohel; clofibric acid amides; hexaroethylene
fauramide; urea; N, N-diethyl-m-toluamide; propylene glycol; fatty acid esters of propylene

glycol; fatty acid csters of polycthylene glycol; and glycol cthers.

Exeroplary fatty acid esters of propylene and polyethylene glycol include, but are not limited
to, propylene glycol monocaprylate {e.g., CAPMUL PG-¥ or CAPMUL PG-& NF}; propylene
glycol monocaprate (e.g., CAPMUL PG-10); propylene glycol mounolaurate (e g, CAPMUL
PG-12 BEP/NF, LAUROGLYCOL 99); propylene glycol dicaprylate; propylene glycol
dicaprate; propylene glycol dicaprylate/dicaprate {e.g, MIGLYOL 840); and propylene
glycol dilavrate {e.g., CAPMUL PG-2ZL EP/NF). Exemplary glyeol ethers inchide, but are
not himited to, 2-isopropoxyethanol, ethylene glycol monobutyl cther, and dicthylene glycol
movocthers {e.g., butoxydiglycol; dipropylene glycol methyl ether; dicthylene glycol
monoethyl ether, also referred to as 2-(2-cthoxyethoxyjethano! and TRANSCUTOL®,

4

GATTEFOSSE SAS, Saint-Priest, France; and the like).

In certain embodiments, the composttions disclosed herein contain a terpene or terpene
ferivative. Terpenes can improve the solubility of the progesterone and estradiol, preventing

forraation of crystals in the compositions. The terpenes can also act as penetration enhancers
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to promote the transdermal deltvery of hormones through the skin. Terpenes are hydrocarbon
compounds—ofien of biological origin—having carbon skeletons derived from isoprene {(i.e,,
CHo=C{CHRCH=CH,}. Carbon atoms in the terpene backbone can bear oxygen substituents
such as hydroxyl, oxo, and carboxy groups. Terpeunes inchude, but are not Himited to, Cs
hemiterpenes, Uy monoterpenes, {5 sesquiterpenes, and Ty diterpenes. Examples of
spectfic terpenes include myrcene, ocimene, linalool, nerol, geraniol, citronellol, lirnonene,
terpinene, phellandrene, cymene, ascardiole, pulegone, bisabolol, caraphor, and pineve, In
certain embodiments, the terpene is d-limonene (i e., (48} 1-methyl-4-(1-methylethenyl)-

cyclohexene).

(66031 Propylene glycol, fatty acid esters of propyvlene glycol, glycol ethers, and
combinations thereof can enhance penetration of progesterone and estradiol for delivery to
targeted tissues in a subject. o sowe ervbodiments, the compositions disclosed herein
contain progesterone, a medium-chain oil, and propylene glycol. In some embodiments, the
corposition contaius progesierone, a medium-chain oil, propylene glycol, and a fatty acid
ester of propylene glycol. In some embodiments, the composition contains progesterone, a
medium-chain o1l, and a fatty acid ester of propylene glycel. In some embodimucuts, the
composition contains progesterone, a medium-~-chain oil, a fatty acid ester of propylene
glycol, and a glycol cther. In some embodiments, the composition contains progesterone, a
medium-chain ¢il, and a glycol ether. In some embodiments, the composition contains
progesterone, a medium-chain oil, propylene glycol, a fatty acid ester of propylene glycol,
and a glycol ether. In such embodiments, the compositions can also contain additional
components including, but not limited to, a cetyl alcohol mixture, a stearate mixture, a
carboraer, and lecithin. In some such erabodimeunts, the compositions cau also include a

terpene such as d-limonene.

In some embediments, propylene glycol, propylene glycol monolaurate, diethylene glycol
movocthyl ether, and corbinations thereot are used as penetration enhancers n the
compositions disclosed herein. In some embodiments, the composition contains progesterone,
a medium-chain o1l, and propylene glycol. In some embodiments, the composition contains
progesterone, a medium-chain otl, propylene glycol, and propylene glycol monolaurate. In
some embodiments, the composition contains progesterone, a roedinm-chain otl, propylene
glyeol, and diethylene glycol monoethyl ether. In some embodiments, the compeosition
contains progesterone, a mediura-chain oil, and propylene glycol roonolaurate. In some

embodiments, the composition contains progesterone, a medium-chain oil, propylene glycol
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monolaurate, and dicthylene glycol mounoethyl ether. In some embodiments, composition
contains progesterone, a medium-chain o1, and dicthylene glyeol monocthyl cther. In some
embodiments, the composition contains progesterone, a medium-chain oil, propylene glycol,
propylene glycol monolaurate, and dicthylene glycol monocthyl cther. In some such

embodiments, the compositions can also include a terpene such as d-limonene.

Any suitable amount of propylene glycol can be included in the transdermal compositions.
For example, the compositions can contain from about 19 (w/w) to about 10% (w/w)
propylene glycol, or from about 2% (w/w) to about 9% (w/w) propylene glycol, or from
about 3% (w/w) to about 8% (w/w) propylene glycol, or from about 4% (w/w) to about 7%
{(w/w) propylene glycol, or frora about 5% {(w/w) to about 6% (w/w) propylene glycol. The
compositions can contain from about 1% (w/w} to about 5% {(w/w) propylene glycol, or from
about 2% (w/w) to about 3% (w/w) propylene glycol, or from about 3% (w/w) to about 4%
{(w/w) propylene ghycel. The compositions can contain about 1,2, 3,4, 5,6, 7, 8, 9, or about

10% (w/w) propylene glycol.

Aupy suitable amount of a fatty acid ester of propylene glycol can be included in the
transdermal compositions. For example, the compositions can contain from about 1% (w/w)
to about 10% (w/w) fatty acid ester of propylene glyeol, or from about 2% (w/w) to about 9%
{wiw) fatty acid ester of propylene glyeol, or from about 3% (w/w} to about 8% {w/w) fatty
acid ester of propylene glycol, or from about 4% {(w/w} to about 7% (w/w) fatty acid cster of
propylene ghyeol, or from about 3% (w/w) to about 6% {w/w) fatty acid ester of propylene
glycol. The compositions can contain from about 2% (w/w) to about 7% (w/w} fatty acid
ester of propvlene glyeol, or from about 3% (w/w) to about 6% (w/w) fatty acid ester of
propylene glyeol. The compositions can contain sbout 1,2, 3,4, 5, 6,7, 8, 9, or about 10%
{w/w) fatty acid ester of propylene glycol. In some such embodiments, the fatty acid ester of

propylenc ghycol is propylene glycol monolaurate.

Any suitable amount of glycol ether can be included in the transdermal compositions. For
example, the compositions can contain from about 19 (w/w} to about 10% (w/w) glycol
ether, or from about 1% (w/w) to about 3% (w/w) glycol ether, or from about 2% (w/w) to
about 4% {w/w) glycol ether. The compositions can containabout 1,2,3,4,5,6,7, 8,9, or
about 10% {w/w) glycol cther. In some such embodiments, the glycol ether is diethylene

glycol monocthyl cther,
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The transdermal pharmaceutical compositions disclosed herein can contain any suitable
amount of a terpene, such as d-liroonene. In general, the compositions contain from about

% (wi/w) to about 12% (w/w) d-limonene. The compositions can contain, for example, from
about 2% (w/w) to about 10% (w/w) d-lirnonene, or trora about 1% (w/w) to about 4% (w/w)
d-Hmonene, or from about 4% {w/w) to about 8% (w/w} d-limonene, or from about 8% {(w/w)
to about 12% (w/w} d-limonene, or from about 1% (w/w) to about 5% (w/w} d-limounene, or
frorn about 5% (w/w) to about 10% (w/w) d-limonene. The compositions can contain from
about 2% (w/w} to about &% (w/w} d-limonene, or from about 3% (w/w} to about 7% {(w/w}

containabout 1, 1.5,2,2.5,3,3.5,4,4.5,5,55,6,6.5,7,75,8,8.5,6,05, 10, 10.5, 11,

d-Hmounene, or from about 4% (w/w) to about 6% (w/w) d-limounene. The compositions can

1.5, or 12% (w/w} d-limoncene. In some cmbodiments, the transdermual pharmacentical
composition includes d-limonene in an amount ranging from about 1% {w/w} to about 12%
{(w/w}. In sorne embodirents, the transdermal pharmaccutical composition includes -

Himonene in an amount ranging from about 1.5% {(w/w) to about 10% (w/w).

In some embediments, the transdermal pharmaceutical composttion includes progesterone in
an arsount ranging from about 1.5% (w/w} to about 3.5% (w/w}; and a macdium-chain oil in
an amount ranging from about 10% (w/w) to about 30% (w/w). In some embodiments, the
transdermal pharmaceutical composition includes progesterone in an amount ranging from
about 1.5% (w/w) to about 3.5% (w/w}; a medium-chain oil in an amount ranging from about
10% (w/w} to about 30% {w/w); and d-limonene in an amount ranging from about % (w/w)

to about 12% (w/w).

Io some erabodiments, the transdermal pharmaceutical coraposition includes progesterone in
an amount ranging from about 2% (w/w) to about 3% (w/w); and a medium-chain ol 1n an
amount ranging from about 15% (w/w} to about 25% (w/w). In some embodiments, the
transdermal pharmaceutical composition includes progesterone in an amount ranging from
about 2% (w/w) to about 3% (w/w}); a mediam-chain ol in an amount ranging from about
15% (w/w) to about 25% (w/w}); and d-limonene in an amount ranging from about 1.5%

{w/w} to about 10% {w/w).

In some embodiments, the transdermal pharmaceutical composttion inclades progesterone 1o
an amount of about 2.5% (w/w) and a medium-chain oil in an amount of about 15% (w/w).

In some emnbodiments, the transdermal pharmaceutical composition includes progesterone in
? =
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an amount of about 2.5% (w/w); a medium-chain oif in an amount of about 153% (w/w); and
. E <

d-limonene mn an amount of about 5% {(w/w).

Io some erabodiments, the transdermal pharmaceutical coraposition further 1ncludes estradiol.
In some embodiments, the transdermal pharmaceutical composition inchudes estradiol in an
arooust ranging from about 0.001% (w/w) to about 0.5% (w/w). In somc embodiments, the
transdermal pharmaceutical composition includes estradiol in an amount ranging from about
0.01% (w/w) to about 0.1% (w/w). In somc embodiments, the transdermal pharmaceutical
composition includes estradiol in an amount of about 0.005% (w/w). In some embodiments,
the transdermal pharmaceutical composition includes estradiol in an amount of about 0.05%

{(w/w}.

The compositions disclosed herein can further contain any of the excipients used in known
transdermal hormone compositions, including but not limited to those described in U.S.
Patent Nos. 5,453,279; 6,056,972, 6,23&,284; and 7,404,963, each of which 18 incorporated
herein by reference in s entirety. In some embodiments, the compositions can also contain
additional compouents including, but vot himited to, a cetyl alcohol mixture, a stearate
mixture, a carbomer, and lecithin, The compositions can also contain additional components
and excipients mmcluding, but not limited to, non-ionic or ionic surfactants, emulsifiers,

colorants, preservatives, antioxidants, efc. as described herein.

In some embodiments, the pharmaceutical composition further comprises one or more non-
fonic or ionic surfactants. In some embodiments, the non-ionic surfactant is selected from one
or more of glycerol and polyethylene glycol esters of medium-chain fatty acids or long chain
tatty acids, for example, lauroyl roacrogol-32 glycerides or lauroyl polyoxyl-32 glycerides,
commercially available as GELUCIRE®, inchuding, for example, GELUCIRE® 39/01
{glycerol esters of saturated C12-CI8 fatty acids); GELUCIRE® 43/01 (hard fat NF/JPE),
GELUCIRE® 44/14 (lauroyl macrogol-32 glycerides EP, lauroyl polyoxyl-32 glycerides NF,
lauroyl polyoxylglycerides (USA FDA HG)); and GELUCIRE® 50/13 {(stearoyl macrogol-32
glycerides EP, stearoyl polyoxyl-32 glycerides NF, sicaroy! polyoxylglycerides (USA FDA
HGH).

In some embodiments, non-1onic surfactants include, for example and without limitation: one
or raore of olewc acid, linoleic acid, palmitic acid, and stearic acid. In some emboduments,
non-ionic surfactants comprise polyethylene sorbitol esters, including polysorbate 80, which

is commercially available under the trademark TWEEN® 8 (Sigma Aldrich, St. Louis, MO).
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Polysorbate 80 comprises approximately 63%-70% oletc acid with the remainder comprising

primarily linoleic acids, palmitic acids, and stearic acids.

Io some erabodiroents, non-ionic surfactants include PEG-6 palmitostearate and cthylene
glycol palmitostearate, which are available commercially as TEFOSE® 63 (GATTEFQSSE
SAS, Saint-Pricst, France) which can be used with, for exaraple, CAPMUL MCM having
ratios of MCM to TEFOSE® 63 of, for example, 8:2 or 9:1. Other exemplary solubilizing
agents/non-tonic surfactants combinations inchude, without imitation: MIGLYOL

S12:GELUCIRE® 50/13 or MIGLYOL 812 TEFOSE® 63,

A non-ionic or ionic surfactant may be used at concentrations greater than about 8.01%, for
exarnple at a concentration of about 8.01%-30.0%, about 0.1% to 10.0%, or about 1% to
10.0%, from 10% to 30%. In some embodiments, the pharmaceutical composttion comprises
about 10.0% surfactant by weight. In some embodiments, the pharmaccutical composition
comprises about 15.0% surfactant by weight. In some embodiments, the pharmaceutical
composition comprises about 0.1% to about 5.0% surfactant by weight, e.g., about 1.0 wt %.
In some embodiments, the pharmaceutical composition comprises about 5.0% to about 15.0%
surfactant by weight. In some embodiments, the pharmaceutical composition comprises about
10.0% to about 20.0% surfactant by weight. In some embaodiments, the pharmaceutical
composition comprises ess than 30.0%, less than 29.0%, less than 28.0%, less than 27.0%,
less than 26.0%, less than 25.0%, less than 24.0%, less than 23.0%, less than 22.0%, less than
21.0%, less than 20.0%, icss than 19.0%, less than 18.0%, lcss than 17.0%, less than 16.0%,
less than 15.0%, less than 14.0%, less than 13.0%, less than 12.0%, less than 11.0%, less than
10.0%, less than 9.0%, less than 8.0%, less than 7.0%, less than 6.0%, less than 5.0%, less

than 4.0%, less than 3.09%, less than 2.0%, or less than 1.0% surfactant by weight.
3 5 foey

Surfactants as described above can serve as ernulsifiers in the compositions disclosed hercin.
Suttable ermuisifiers include, but are not limited to, sorbitan esters (also referred to as
Span™), polyoxyethylene sorbitan esters {also referred to as polysorbates; Tween™), and
glycervl esters. Examples of sorbitan esters include, but are not limited to, sorbitan
monooleate, sorbitan monostearate, sorbitan monolaurate, sorbitan trioleate, and sorbitan
tristearate. Examples of polyoxyethylene sorbitan esters jnclude polyethylene giyeol (PEG)
sorbitan esters such as PEG-(5)-sorbitan monooleate, PEG-(4)-sorbitan monostearate, PEG-
{(4)-sorbitan monolaurate, PEG-sorbitan trioleate, and PEG-sorbitan fristearate. Examples of

glycervyl esters inchude glyveeryl monostearate, glyceryl mounolaurate, and glyceryl tristearate.
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Other emulsifiers that can be used in the present invention include lecithin, cholesterol,
phosphatidylglyeerols, alkyl alcohols, poloxarers (also referred to as
Pluronic™/Synperonic™), poloxamin {(also referred to as Tetronic™), sodium laurylsulfate,

sodium cetylstearylsulfate, and potassium oleate.

In some embodiments, the pharmacecutical composition further comprises one more other
exciptents, such as—but not imited to——colorants, scents, preservatives, antioxidants, texture
modifiers, viscosity {rheology) modificrs, or buffers. The choice of excipients will, to a large
extent, depend on factors such as the effect of the excipients on solubility and stability of the
components in the cream formulation. Colorants, for example, can be used in an amount
ranging frorma about §.1% to about 2% by weight. Preservatives, for example, can be used in
an amount ranging from about 0.002% to about 0.05% by weight, such as from about 0.005%
to about §.05% by weight ot from about 0.002% to about 0.02% by weight. Preservatives
can include, but are not limited to, methyl and propy! paraben in a ratio of about 10:1. Those
of skill in the art will know how to select particular excipicuts and quantities thereof based on
factors including the amount of the hormones in a particular composition and the intended

mode of administration.

Io some erabodiments, the pharmaceutical composition further comprises one or more
phenolic aldehyde(s). Phenolic aldehydes used herein include, but are not Hmited to, vanitlin
{4-hydroxy-3-methoxybenzaldehyde), racthylvaniliing and ethylvanillin (3-cthoxy-4-

hydroxybenzaldehyde, bourbonal).

In some embodiments, the pharmaceutical composition further comprises one or more
antioxidants. Examples of suitable antioxidants include, but are not limited to, butylated
hydroxytoluene (BHT), butylated hydroxyanisole, rers-butyl hydroquinone, propyl gallate,
octyl gallate, dodecyl gallate, ascorbic acid, ascorbyl palmitate, erythorbic acid, 4-
hexylresorcinol, a~-tocopherol, B-tocopherol, y~tocopherol, d-tocopherol, and mixtures
thereof. In some embodiments, the antioxidant is BHT. Inclusion of BHT can prevent

oxidation of d-timonene during storage and use of the compositions.

in some embodiments, the pharmaceutical composition further comprises one or more gelling
agents. Suitable gelling agents mclude, but are not limited to, ccllulose derivatives,
polyacryiic acid derivatives, and gurs. Examples of cellulose derivatives include
methylcellulose, ethylceliulose, hydroxyethyl cellulose, and carboxymethyl cellulose.

Examples of polyacrylic acid derivatives include polyacrylic acid, polymethylacrylate, and
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polyethyiacrylate. Examples of polyacrylic acid dertvatives further include crosslinked
polyacrylates (e.g.,, CARBOPOL 980® NF Polymer, LUBRIZOL, Wickliffe, Ohio).
Examples of gums include agar, alginic acid, glucomannan, arabic gum, sodium alginate, and
tragacanth. Gelling agents can be used to raise the viscosity of a pharmaceutical composition
to ensure that the composition is cosmetically elegant and has suitable flow characteristics for

1ts intended use.

In certain cmbodiments, a buffer system 1s added to achicve or mamtain a desired pH i the
pharmaceutical composition. Buffer systems are well known to persons of ordinary skill in
the art, and any buffer system suitable for pharmaceutical products and appropriate for the

given pharmaceutical compostiion can be used. In embodiments, the buffer systern canbe a
combination of citric acid and dibasic sodium phosphate. Typically, purified water is added

to bring the pharmaceutical composition to the final weight.

Generally, the solubilizing agents, penetration enhancers, surfactants, and excipients used in
the pharmaceutical compositions described herein are non-toxic, pharmaceutically
acceptable, compatible with each other, and mantain stability of the pharmaceutical
composition and the various components with respect to cach other. Additionally, the
combination of various coraponents that comprise the pharmaceutical cormpositions will

result in the desired therapeutic effect when administered to a subject.

Accordingly, in some cmbodiments the transdermal pharmacentical composition includes:
progesterone in an amouunt of about 2.5% (w/w); a medium-chain o1l in an amount of about
15% (w/w}, the medium-chain oil comprising medium-chain triglycerides {e.g., caprylic
triglyeeride and capric triglyeeride); d-limonene in an amount of about 5% (w/w); dicthylene
glycol monoethyl ether in an amount of about 3% {(w/w}; propylene glycol moneolaurate in an
aroourtt of about 5% (w/w}; a stearate mixture in an amount of about 7% (w/w), the stearate
mixture comprising glycerol monostearate and PEG-75 stearate; a cetyl alcohol mixture in an
amount of about 3.5% (w/w), the cetyl aleohol mixture comprising cetyl alcohol, ceteth-20,
and steareth-20; a carbomer in an amount of about 8.2% (w/w); lecithin in an amount of
about 3.% {(w/w); propylene glycol in an amount of about 4.% {(w/w); methyl paraben in an
aroount of about .2% (w/w); propyl paraben in an amount of about 8.02% (w/w); ¢itric acid
in an amount of about 0.5% (w/w}; sodium phosphate in an amount of about 0.8% (w/w}; and
purified watcr in an amount of about 50.3% (w/w}. In some embodiments, the transdermal

pharmaceutical composition further comprises butylated hydroxytoluene in a mount of about
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0.1% {(w/w}. In certain embodiments, the transdermal pharmaceutical composition further
includes estradiol in an amount of about 0.05% (w/w). In certain crabodiraents, the
transdermal pharmaceutical composttion further includes estradiol in an amount of about
0.005% (w/w). In certain embodiments, the transdermal pharmaceutical coraposition further
includes estradiol in an amount of about 8.06% (w/w). One of skill in the art will appreciate
that when further components such as butylated hydroxytoluene and estradiol arc added to a
composition, the amount of water in the coraposition can be adjusted to maintain the same

relative % wiw.

[6804] In some embodiments, the transdermal pharmaceutical cormposition includes:
progesterone in an amouut of about 2.5% (w/w); a medium-chain o1l in an arsount of about
15% (w/w}, the medium-chain comprising a medium-chain trighyceride (such as
caprylic/capric triglyceride); diethylene glycol monoethyl ether in an amount of about 3%
{w/w); propylene glycol monolaurate in an amount of about 5% {(w/w); a stearate mixture in
an amount of about 7% (w/w}, the stearate mixture comprising glycerol monostearate and
PEG-75 stearate; a cetyl alcohol mixture in an amount of about 3.5% (w/w), the cetyl alcohol
mixture comprising cetyl alcohol, ceteth-20, and steareth-20; a carboraer in an amount of
about 0.2% (w/w); lecithin in an amount of about 3% {(w/w); propylene glycol in an amount
of about 4% (w/w}); methyl paraben in an amount of about 0.2% {(w/w}; propyl paraben in an
amount of about 0.02% {(w/w}; citric acid in an amount of about 0.5% (w/w); sodium
phosphate in an amount of about .8% (w/w); and purified water in an amount of about
55.3% (w/w). In some such embodiments, the compaosition further includes estradiol in an
arnount of about 0.05% (w/w). In some such embodiments, the composition further includes
estradiol in an amount of about 0.005% (w/w). In some such embodiments, the composition

further includes estradiol in an amount of about 0.06% (w/w).

In some emboediments, the transdermal pharmaceutical composition includes: progesterone
w an amount of about 2.5% (w/w}); a mediuro~-chain o1l in an amount of about 13% (w/w), the
medium-chain comprising a medium-chain triglyceride {(such as caprylic/capric triglyceride);
diethvlene glveol monoethyl ether in an amount of about 3% (w/w); propylene glycol
monelaurate in an amount of about 3% (w/w}; butylated hydroxytoluene in an amount of
about 0. 1% (w/w}); a stearate mixture in an amount of about 7% (w/w), the stearate rixture
comprising glycerol monostearate and PEG-75 stearate; a cetyl alcohol mixture in an amount
of about 3.5% (w/w), the cetyl aleohol mixture comprising cetyl alcohol, ceteth-20, and

stearcth-20; a carbomer in an amount of about 8.2% {(w/w}); lecithin in an amount of about 3%
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{w/w}; propylene glycol in an amount of about 4% {(w/w); methyl paraben in an amount of
about 0.2% (w/w); propyl paraben in an amount of about 0.02% (w/w); citric acid tnh an
amount of about 8.5% (w/w); sedium phosphate in an amount of about 8.8% {(w/w}; and

purified water in an amount of about 55.2% (w/w).

(66803} Compositions according to the invention include, but are not limited to,

Compositions I-1V as set forth in Table 1A and compositions A-J as set forth in Table 1B.

Table 1A, Exemplary Hormene Compositions

Composition
i 3 i v
Component Y {(wiw) Yo (wiw) Yo {wiw) Yo {(wiw)
Progesterone Micronized, USP 2.5 2.5 2.5 2.5
Micronized Estradiol (.005 $.005
Hemihydrate, USP
Medium Chain Triglycerides, NF 5 15 14.9 149
(MIGLYOL 812)
d-Limonene 5 3
Dicthylene Glyeol Mono Ethyl 3 3 3 3
Ether EP/NF(TRANSCUTOL Py
Propylene Glycol Monolaurate 5 5 54 54
{Type 1} EP/NF,
{LAUROGLYCOL 90}
Mixture of Glycerol monostearate 7 7 7 7
EP/NF and PEG-75 stearate
NE/JPE, (GELOT 64)
Mixture of Cetyl Alcohol EB/NF 35 3.5 35 35
and Ethoxylated Fatty Alcohols
{Ceteth-20, Steareth-20) EP/NE,
(EMULCIRE 61 WL 2659
CARBOPOL 980 NF Polymer 0.2 0.2 0.2 0.2
Liquid Soy Lecithin 3 0.3 3 3
Propylene Giyeol, USP 4 4 4 4
Methyl Paraben, NF 0.2 0.2 0.2 0.2
Propyl Paraben, NF.EP,BP, P (.02 .02 (.02 (.02
Citric Acid Monohydrate, .47 .53 .47 .53
Granular, USP
Dibasie Sodium Phosphate, (.82 (.92 (.82 0.92
Dried, USP
Purificd Water, USP (O Q5 5 Q5
Total 100 100 100 100
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Table 1B. Exemplary Hormone Compeositions
Composition
A B C B E ¥
Component Y Yo Yo %o % %
w/w wiw | wiw wiw wiw | wiw
Progesterone Micronzed USP 2.5 2.5 2.3 2.5
Micronized Estradiol 0.005 8.005 8.005 | 0.005
Hoenuhydrate, USP
Medium Chain Triglycerides, 5 is 15 15 15 15
NF (MIGLYOL 812)
d-Limonene
(High Purity Terpenes, 99) 5 5 5
Dicthylene Glycol Mone Ethyl
Ether EP/NF
{(TRANSCUTOL Py 3 3 3 3 3 3
Propyiene Glycol Monolaurate 5 5 5 5 5 3
{Type ) EP/NF
(LAUROGLYCOL 90)
Butylated Hydroxytoluene, 0.1 (.1 0.1 0.1 0.1 8.1
Granular, NF
Mixture of Glycerol 7 7 7 7 7 7
monostearate EP/NF and PEG-
75 stearate NF/AJPE (GELOT
64)
Mixture of Cetyl Alcohol 3.5 3.5 3.5 3.5 3.5 3.5
EP/NF and Ethoxylated Fatty
Alcohels (Ceteth-20, Stearcth-
20y EP/NF (EMULCIRE 61
WL 2659}
CARBOPOL 980 NF Polymer 0.2 02 1 02 0.2 0.2 0.2
Liquid Soy Lecithin 3 3 3 3 3 3
Propylene Glveol, USP 4 4 4 4 4 4
Methylparaben, NF 0.2 02+ 0.2 0.2 0.2 0.2
Propylparaben, NF, EP, BP 0.62 0.0 ¢+ 0.02 8.02 0.02 80.02
2
Citric Acid Monohydrate, 0.47 04 1 047 .47 047 | 047
Granular, USP 7
Dibasic Sodium Phosphate, 0.82 0.8 | 0.82 (.82 082 | 0x2
Dried, USP 2
Purified Water, USP 50.19 55. 1 50.19 5519 (5269 37.69
19
TOTAL 100 100 1 100 100 100 100
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Composition
G H i
Component Y % Yo Yo
w/iw wiw WiwW wiw
Progesterone Micronzed USP 2.5 2.5
Micronized Estradiol 0.05 (.03 8.05 .05
Hoenuhydrate, USP
Medium Chain Triglycerides, i5 15 15 15
NF (MIGLYOL 812)
d-Limonene
(High Purity Terpenes, 99) 3 3
Dicthylene Glycol Mone Ethyl 3 3 3 3
Ether EP/NF (TRANSCUTOL
P)
Propylene Glycol Monolaurate 5 5 5 5
{Type Iy EP/NF
(LAUROGLYCOL 90)
Butylated Hydroxytoluene, 0.1 0.1 0.1 0.1
Granular, NF
Mixture of Glycerol 7 7 7 7
monostearate EP/NF and PEG-
75 stearate NF/JPE (GELOT
o4)
Mixture of Cetyl Alcohol 3.5 35 3.5 3.5
EP/NF and Ethoxylated Faity
Alcohols {Ceteth-20, Stearcth-
203 EP/NF (EMULCIRE 61
Wi 2659}
CARBOPOL 980 NF Polymer 0.2 4.2 0.2 0.2
Liguid Soy Lecithin 3 3 3 3
Propylene Glycol, USP 4 4 4 4
Methylparaben, NF 2 8.2 0.2 0.2
Propylparaben, NF, EP, BP 0.02 8.02 0.02 0.02
Citric Acid Monohydrate, 0.47 0.47 0.47 0.47
Granular, USP
Dibasic Sodium Phosphate, (.82 .82 8.82 (.82
Dried, USP
Purified Water, USP 50.145 55.145 52.645 | 57.645
TOTAL 100 100 100 100

The transdermal pharmaceutical cream compositions disclosed herein provide for higher
hormone solubility and iroproved bicavailability as cornpared to existing commercial cream
compositions. In certain embodiments, progesterone and estradiol are substantially or fully

solubilized, resulting 1n efficient delivery through the skin or other tissucs such as mucosal
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{e.g., vagimal} tissue. In certain embodiments, the hormones can be administered over a
larger surface arca than other known forraulations. Because higher solubility and improved
bioavailability are achieved, lower dose administrations are also achieved. With lower dose
administrations the overall safety 18 improved by reducing the side effects resulting frorn high
dosages of administered progesterone. In addition, the cream compositions are soothing to
irritated skin or vaginal tissuc, are casily applied, have a pleasing glossy appearance, and

exhibit minimsal evoulsion separation during storage or upon application.

A general method 108 to prepare pharmaceutical cream compositions of this disclosure is

gutlined in Figure 1, and comprises processes 162-118, below.

Process 102 compriscs heating appropriate amount of water to about 65°C-75°C. According
to embodiments, water comprises .1 M citric acid and 8.2 M Na,HPO, solution.
Components making up the aqueous phase (i e., components with aqueous solubility; e.g.,

carbomer} are added to the water and mixed until completely dispersed and uniform.

Process 144 comprises measuring or weighing out into an appropriate container the ot phase
components {e.g., MIGLYOL 812, CREMOPHOR® A6 and A25, Cetyl alcohol).
Components are heated to about 65°C-75°C. In some embodiments, within process 184 the
progesterone, estradiol, or combination thercof is added and mixed until dissolved (orin

some embodiments partially suspended and parthially solubilized)

Once both oif and aqueous phases attain the desired temperature, process 186 comprises
reroving both phases from the heat source. Then, the oil phase is slowly added to the
agueous phase while stirring at about 1200 RPM. Stirving is continued until the teraperature

of the pharmaceutical cream composition is <4¢°C.

Process 108 comprises waiting until the pharmaceutical cream cornposition teraperature is <
40°C, and then adding further components {e.g., TRANSCUTOL®, d-limonene,
LAUROGLYCOL® 90, ctc.} to the composition. Mixing is continued until the temperature

of pharmaceutical crearm compaosition 18 <25°C.

Process 118 comprises agitating the pharmaceutical cream composition using an appropriate
agitator known in the art for an adequate amount of time, for example 2-5 minutes.

ceause a composttion may contain additional or fewer excipients as compared to another
composition of this disclosure, the general voethod of manufacture below varies according to

the different excipicnts, surfactants, or ingredients contained in the respective pharmaceutical
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cream composition. Finished formulations can be packaged for use in a number of

convenient containers, such as tubes, single-use sachets, metered-dose pumps, and the like.

A method 206 for determining the hormone transport properties of the compositions
described herein is outlined in Figure 2. A Franz diffusion cell is employed according to
method 286, A Franz ditfusion cell generally consists of g donor chamber and a receptor
chamber, which are connected by a joint. Process 282 comprises placing an appropriate
amount of a coraposition in the donor charmber, or on—or incorporated mto—a mediurag
separating the donor chamber and the receptor chamber (e.g., 0.7 g of progesterone cream}).
The receptor phasce is maintained at an appropriate temperature {e.g., 37°C}, the volume of
the receptor charber is 5.0 mL, and the sample volame 18 2.0 .. The receptor phase
typically contains an aqueous solution with optional additives such as 5% sodmm lauryl

sulfate (SLE).

Process 244 comprises placing the separation medium in the joint between the receptor
chamber and donor chamber. The separation medium can be, for example, a2 0.45 pm

cellulose acetate membrane or suitable human cadaver skin.

Process 286 comprises collecting samples at different time points. Samples are typically
collected at 0.5, 1, 2, 4, and 8 hours. Samples can be collected according to the following
procedure. Fivst, the receptor chamber is filled with the receptor fluid, and a membrane is
placed between the donor and receptor chambers. Next, the donor chamber is loaded with the
appropriate aroount of progesterone cream {¢.g. 0.7 g). The samples are then collected and
replaced with fresh volume of samiple solution {e.g. 2.0 mL} at cach sampling. If the samples

are not analyzed immediately, they are stored 1 g refrigerator until analysis is conducted.

Process 208 comprises submiiting the saroples to an analytical lab for high performance
liquid chromatography (HPLC) analysis. Process 216 comprises calculating or measuring the
trausport, diffusion, or permeability. The calculated or measured transport, diffusion, or
permeability can be compared to transport, diffusion, or permeabtlity of existing commercial

crearn products measured or calculated according to a similar process.
V., METHODS FOR TREATING HORMONE DEFICIENCY

Io related aspects, there are provided raethods for treating a condition associated with
hormone deficiency in a subject. The methods include administering to the subject any of the

pharmaceutical formulations described herein,
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In some embodiments, the pharmaceutical compositions disclosed herein are useful in
treating conditions in subjects caused, at least in part, by a hormone deficiency, particularly
for women with a uterus. For example, in some embodiments, the pharmaceutical
compositions disclosed herein arc useful for the treatment of one or more of the following
conditions: endometrial hyperplasia; endometriosis; secondary amenorrhea; preterm birth,
when the subject has a shortened cervix; menopause-related symptoms including, for
example, vasomotor symptoms; 1o relation to treatment of hypoestrogemisr related
symptoms including, for example and without limitation, hot flashes and night sweats
{vasomotor symptoms}, sieep disturbances, mood changes and vulvar and vaginal atrophy,
and osteoporosis, and other non-menopausal discase states or conditions treated with
supplernental progesterone or estrogen. Thus, in sorme embodiments, this disclosure provides
methods of treating such a condition by administering to the subject a composition
comprising progesterone {or progesterone and cstradiol} as described herein in a dosage

suitable for the treatment of the given condition.

In some embodiments, the condition is associated with progesterone deficiency in the subject.
In some embodirents, the condition is associated with estradiol deficiency in the subject. In
some embodiments, the condition is selected from endometrial hyperplasia, endometriosts,
secondary amcnorrhea, hot flashes, night sweats, sleep disturbances, mood changes, vulvo-

vaginal atrophy, and osteoporosis.

In some embodiments, the progesterone compositions disclosed herein can be used to

counteract effects of estradiol in subjects recetving estradiol therapy.

As disclosed herein, any suttable amount of progesterone or estradiol, or a composition
containing progesterone or estradiol, can be used in the methods disclosed herein, depending
on the condition being treated. When used to treat or to protect against endometrial
hyperplasia associated with co~administration of estradiol, progesterone is generally
administered to a subject in an amount ranging from about 0.1 mg to 200 mg per day. In
some embodiments, progesterone 1s administered to a subject in an amount ranging from
about 0.1 mg to 100 mg per day. For cxample, progesterone can be administered in an
aroount from about 0.1 to about 1 mg per day, or from about 1 to about 10 rog per day, or
from about 10 to about 100 mg per day, or from about 100 to about 200 mg per day.
Progesterone can be administered in an arnount from about 0.1 to about 50 mg per day, or

from about 0.3 to about 25 mg per day. Progesterone can be administered in an amount of
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about 0.1,0.5,1,2,3,4,5,6,7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45, or 50 mg per day. Other
conditions, for example secondary arnenorrhea, will be dosed proportionally higher as would
be known to a person of ordinary skill in the art. For example, oral doses of progesterone for
sccondary amacnorrhea are often dosed at 150%6-200% more than the dosage used to prevent
endometrial hyperpiasia (200 mg of progesterone dosed daily for endometrial protection

versus 400 mg of progesterone for secondary amenorrhea).

In general, estradiol 1s administered to a subject in an amount ranging from about 0.01 mg to
10 mg per day. For example, estradiol can be administered in an amount from about .01 to
about 0.1 mg per day, or from about .1 to about 1 mg per day, or from about 1 to about 10
mg per day. Estradiol can be administered in an amount from about 8.01 to about 10 mg per
day, or from about 0.1 to about 9 mg per day, or from about 0.25 to about 7.5 mg per day, or
frorn about 0.5 to about 5.5 mg per day, or from about 1 to about 3 mg per day, or froro about
1.5 to about 2.5 myg per day. Estradiol can be administered in an amount of about 0.01, 0.05,
0.1, 6.125, 0.15, 0.20, 0.25, 0.30, 0.35, 0.375, 0.40, 0.45, 0.50, 0.55, .60, 8.625, 0.65, .70,
0.75, 0.80, 0.85, 0.90,0.95 1.00, 1.125, 1.25, 1.375, 1.50, 1.625, 1.75, or 2.00 mg per day.

Compositions disclosed herein can be administered as one or more doses per day. In some
embodiments, a composition described berein s administered once per day i the methods
disclosed herein. Compositions disclosed herein can be administered by applying the

compositions to the storaach, the legs, the inner thighs, or another suitable arca of the body.

The pharmaceutical corpositions disclosed herein can be formulated to provide desirable
pharmacokinetic parameters in a subject {e.g., a female subject) to whom the composition is
administered. In some embodiments, 8 pharmaceutical composition as described herein
produces desirable pharmacokinetic parameters for progesterone in the subject. In some
erabodirnents, a pharmaccutical cornposition as described herein produces desirable
pharmacokinetic parameters for estradiol in the subject. In some embodiments, a
pharmaceutical composition as described herein produces desirable pharmacokinetic
parameters for one or more metabolites of progesterone or estradiol in the subject, for
example estrone, fotal estrone, allopregnanolone, or allopregnanslone sulfate.

[66806] Following the administration of a composition comprising progesterone and
estradiol to a subject, the concentration and metabolism of progesterone or estradiol can be
measured in a sample {e.g., a blood sample, a blood plasma sample, a capillary fluid sample,

or a saliva sample) from the subject. The pharmaceutical compositions disclosed herein can
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be characterized for one or more pharmacokinetic parameters of progesterone, estradiol, or a
metabolite thereof following administration of the composition to a subject or to a population
of subjects. These pharmacokinetic parameters include AUC, Chax, and tp. AUC s a
determination of the area under the curve (AUC) plotiing the saropic concentration of drug
along the ordinate (Y-axis) against time along the abscissa (X-axis}. AUCs are well
understood, froquently used tools in the pharmaceutical arts and have been cxtensively
described. Cha 13 well understood in the art as an abbreviation for the maximur drug
concentration in a sample (such as a saliva sample) from a subject. tya 18 well understood in
the art as an abbreviation for the tivoe to maxinur drug concentration 1o a saraple (such as a

saliva sampic}) of a subject.

In some embodiments, one or more pharmacokinetic parameters, e.g., AUC, Chax, OF tna, 18
measured for estradiol. In some ermbodiments, one or more pharmacokinetic parameters, e.g.,
AUC, Chax, OF thay, 18 measured for progesterone. In some embodiments, one or more
pharmacokivetic parameters, e.g., AUC, Cpy, 07 Ly, 18 measured for estrone. In some
cmbodiments, one or more pharmacokinctic parameters, e.g., AUC, Cuuy, OF ty,y. 18 measured
tor total estrone. In some embodiments, one or more pharmacokinetic pararacters, e.g., AUC,

Crax, OF tmax, 18 mcasured for allopregnanclone.

Any of a variety of methods can be used for measuring the levels of progesterone, estradiol,
estrone, total cstrone, allopregnanolone, or allopregnanolone sulfate in a sample, including
immunoassays, mass spectrometry (MS), HPLC with ultraviolet fluorescent detection, hquid
chromatography in conjunction with mass spectrometry (LC-MS), tandem mass spectroractry
{MS/MS), and liquid chromatography-tandern mass spectrometry (LC-MS/MS). In some
erabodirnents, the levels of progesterone, estradiol, estrone, or total estrone are measured
using a validated LC-MS/MS method. Methods of measuring hormone levels are well

described in the literature.

The levels of progesterone, estradiol, cstrone, total estrone, allopregnanolone, or
allopregnanolone sulfate can be measured 1o many biological samples, e.g., a tissue or fluid
such as blood, serum, plasma, capillary fluid, saliva, or urine. In some embodiments, the
levels of progesterone, estradiol, estrone, total estrone, allopregnanolone, or allopregnanoloue
sulfate are measured about 0.0, 0.10, 0.20, 0.05, 0.30,0.35,040,0.45,05,1,2,.3,4,5,6,7,
§,9,10,12, 15, 18, 21, 24, 27, 30, 33, 36, 39, 42, 45, or 48 hours after dosing, or any other

appropriate time period that is common or useful in determining the levels of each of the
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hormones. Generally, assays to determine the levels of progesterone, estradiol, estrone, total
cstrone, allopregnanolone, or allopregnanolone sulfate are measured one or more times cvery
5,10, 15, 20, 30, 60, 120, 360, 480, 720, or 1440 minutes after administration, or
combinations thercof (e.g., the first measurements are taken every 15 munutes for the first
hour, followed by every 120 minutes thereafter). In some embodiments, the levels of
progesterone, cstradiol, cstrone, total estrone, allopregnanolone, or allopregnanolone sulfate
are ruocasured about 48 hours after dosing. In embodiments, the timiog of such measurerents
are designed to accurately measure Cup, tmw, 0 AUC, Timing can be adjusted based on the
given circumstances {7.e., one formulation roay cause a more rapid Cuay, in which case the
initial times would be clustered closer together, closer to time zero, or both to ensure accurate
measurement of Cpay, thax, and AUC). The timing of assays may differ depending on the
type of biological sample; Chrax, tmax. 0 AUC may occur at different time points depending on

the type of binlogical sample 18 assayed.
V. EXAMPLES
Example 1. Progesterone solubility study

[6667] Solubility of progesterone was determined on a visual basis by adding progesterone
incrementally to a certain quantity of solvent at room temperature until a supersaturated

solution was formed. Results of the study are suramarized in Table 2.
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Table 2: Solubility of progesterone in different solvent systems.

*Solability was
*Solubility was determined by HPLC, determined by
HPLC.
Propylene Glycol 10.5
d-Limonene 204.0
TRANSCUTOL 60.3
MIGLYOL 812 25.0
MIGLYOL RIZHTRANSCUTOLO0:1() 50.5
MIGLYOL 812 + TRANSCUTOL (92.5:7.5) 40.2
MIGLYOL 812 + TRANSCUTOL {95:5) 40.5
MIGLYOL 812 + d-Limonene (95:5) 29.9
d-Limonene *TRANSCUTOL (33:67) 51.6
d-Limonene + TRANSCUTOL (40:60) 101.8
d-Limonene + TRANSCUTOL (50:50) 1003
d-Linonene + TRANSCUTOL (25:75) 95.6
MIGLYOL 840 41.7
MIGLYOL 829 41.3
Oleic Acid 62.2
GLYCEROX 767 222
MIGLYOL 312+Vitamin E TPGS (91:9) 435.2
MIGEYOQOL 812 + D-L ¢ Tocopherol Care {95:5) 20.1
MIGEYOL 812 + D-L a Tocopherol Care (85:15) 38.2
5% SLS 6.6
Oleyl Alcohol 41.2
LAUROGLYCOL 90 90.2
LAUROGLYCOL FCC 60
LABRAFAC PG 41
MIGLYOL 812 + LAUROGLYCOL 90 (50:50) 58.9
MIGLYOL 812 + LAUROGLYCOL 90 (25:75) 7.0
MIGLY L 812 + LABRAFAC PG (50:50) 25.7
CAPRYOL 90% LS
Dimethyl Isosorbide 92
CAPRYOL PGMC 82
Absolute Alcohol 57

*Solubility was determuned by HPLC.
Example 2. Placebo Cream Formulations

A buffered aqueous solution containing 8.1M ciiric acid and 0.2M NaHPO, having a target
pH of 5.4-5.6 was prepared and heated to 70°C. If carbomer was included 1n a composition,
the carbomer was added to the aqueous solution and mixed until completely dissolved and a
uniform solution was obtained. Oil components {e.g., MIGLYOL 812, CREMOPHOR AS,
CREMOPHOR AZ25, cetyl alcohol, additional emulsifiers) were weighed and heated to 76°C.

When the oil and agueous phases attained the desired temperature, they were removed from
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the heat and the oil phase was slowly added to the aqueous phase while stirring at 600-1200

RPM using a Caframo BDC 2002 lab mixer. Stirring was continucd until the teraperature of

the mixture was 40°C or lower. When the desired temperature was reached, solvents and

other components {e.g., propylenc glycol, TRANSCUTOL, d-limoncne, and additional

excipients) were added to the cream and mixing was continued until the temperature of the

creara was 25°C or lower. The crcam was homogenized using an IKA hornogenizer for 2-5

minutes. Placcho compositions were prepared as set forth in Tables 3-5.

Table 3. Placebo Cream Compositions

Placebo Cream 2-1

Placebe Cream 2-2

ingredient o 57
MIGLYOL® RIZ 33.0 30.0
d-Limonene 1.5 1.5
TRANSCUTOL® 3.0 3.0
CREMOPHOR A6 3.0 3.0
CREMOPHOR A23 30 3.0
Cetyl Alcohol 4.5 5.5
Propylene Glyeol 5.0 3.0
Carbomer e 3.5
Water* 56.0 50.5

* Water= (.1 M Citrie Acid & 0.2 M NapHPO, solutions to provide a target pH of 5.4- 5.6
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Table 4. Placebo Cream Compositions
Ingredient 2-3 , , 24. :,Z"S = 2-6 ; 27 ;“8,
' Yo {wiw) | YW {w/w} | Y% {wiw) | Wwiw) | Y% {w/w) | Y% {(wiw)
MIGLYOL 812 30.0 30.0 15.0 15.0 15.0 15.0
d-Limonene 1.5 1.5 5.0 5.0 5.0 5.0
TRANSCUTOL 3.0 3.0 3.0 3.0 3.0 3.0
CREMOPHOR 3.0 3.0 3.0 e - e
A6
CREMOPHOR 3.0 3.0 3.0 e e -
A2S
Cetyl Alcohol 4.5 5.5 6.2 o — —
GELOT 64 . — — 12.0 12.0 12.0
EMULCIRE 61 e — — 3.0 50 5.0
Propylene Glycol 5.0 3. . 4.0 4.0 4.9
LAUROGLYCOL e — 5.0 5.0 5.0 5.0
Carbomer . 0.5 06.02 — g.1 0.01
Iso Stearvl - e 3.0 - - e
Alcohol
Ethyl Vanillin e - 06.05 — — —
Methyl Paraben e — —— 0.2 0.2 0.2
Propyl Paraben e e e 8.02 0.02 0.02
Water™ 50.0 50.5 56.73 5278 50.68 50.77

* Water= (.1 M Citrie Acid & 0.2 M Na;HPO, solutions to provide a target pH of 5.4- 5.6
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Ingredient

2-9

2-10

2-11

2-12

2-14

Yo (wWiw)

% {W/w}

Y {(wiw)

Yo (W/W)

Yo {(wiw)

Yo (wiw)

MIGLY (L 812 15.0 15.0 15.0 15.0 15.0 15.0
d -Limonene 5.0 5.0 5.0 5.0 5.0 5.0
TRANSCUTCL {30 3.0 3.0 3.0 3.0 30
CITHROL DPHS | --- 2.0 2.0 _— — o
Glyceryl Stearate | -~ — — - 5.0 5.0
PEG 100 Stearate | - 5.0 6.0 — 5.0 5.0
Cetyl Alcohol 9.0 7.0 8.0 - 6.0 3.0
KOLLIPHOR - e e 2.0 e e
RH40

GELOT 64 - — _— 8.0 e _—
EMULCIRE 61 — o ~-e 4.0 _— —
Polysorbate 80 80 — _— — — -
Lecithin 2.0 o ~om — . —
Propylene Glycol [ 4.0 4.0 4.0 4.9 4.0 4.0
LAUROCGLYCOL { 5.0 5.0 5.0 5.0 5.0 5.0
Carbomer 0.1 NA 0.1 0.1 .02 0.1
Methyl Paraben 0.2 8.2 0.2 0.2 8.2 0.2
Propyl Paraben 0.02 0.02 0.02 0.02 0.02 0.02
Water® 4868 53.78 51.68 53.68 51.76 54.68

Water®= (.1M Ciiric Acid & 0.2M NayHPO, solutions o provide a target pH 0of 5.4- 5.6

Example 3. Progesterone Cream Compositiens.

Progesterone cream coropositions were formulated as described in Example 2, with

micronized progesterone included in the otly phase. Creams were formulated with the

compouents set forth in Table 6.
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Table 6. Progesterone Cream Compositions.

Ingredient 34. 3-2 . 3"3 3“4
b % {w/w} Yo (W/W) Yo {w/w) Yo (wiw)
Progesterone 2.0 3.0 3.0 2
MIGLYOL 840 25.0 . - -
MIGLYOL 812 . 25.0 15.0 25
d-Limonence 1.5 1.5 2.0 1.3
TRANSCUTOL 35 3.0 3.0 3
Oleic Acid 3.0 — e .
CREMOPHOR 3.0 30 3.0 3
A6
CREMOPHOR 3.0 3.0 3.0 3
A25
Cetyl Alcohol 5.5 6.8 6.5 6.2
Propylene Glycol 3.3 3.0 4.0 3
Carbomer 0.2 0.2 0.1 8.1
Isostearyl - o 3.0 3
Alcohol
Ethyl Vamllin — 0.1 0.1 8.1
Water* 50.0 S51.4 37.3 50.1

Water™= 0. 1M Citric Acid & 0.2M Na, HPQ, solutions to provide a target pH of 5.4- 5.6

Coraposition 3-1 exhibited an undesirable feel upon application to skin. Particle formation,
inchading progesterone particle formation, was observed for compositions 3-1, 3-2, and 3-3.
Composition 3-4 was obtained as a uniform cream, with no visible progesterone particles

observed.

Additional progesterone creams were formulated with the components set forth in Table 7.
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Table 7. Progesterone Cream Compositions
Ingredient _ 33 36 3-7 38 3-9 3-18
' Yo (wiw) | % {w/w} o{wiw) | W{wiwy | % {w/iw) | % {w/w)
Progesterone 2.5 3.0 2.5 2.5 2.5 2.5
MIGLYOL 812 15.0 15.0 15.0 15.0 15.0 15.0
d-Limonene 5.0 10.0 7.5 5.0 5.0 5.0
TRANSCUTOL 3.0 3.0 30 3.0 3.0 3.0
CREMOPHOR 3.0 30 3.0 30 e e
Ab
CREMOPHOR 3.0 390 3¢ 3.0 e e
A235
GELOT 64 . — — — 4.0 4.0
EMULCIRE 61 e — — e 4.0 4.0
CAPRYOL 90 - - _— 5.0 — -
Cetyl Alcohol 6.2 6.2 6.2 6.2 42 32
LAUROGLYCOL 5.0 5.0 3.0 —_— 5.0 3.0
Carbomer 0.02 0.02 0.02 0.02 0.02 —
Iso Stearyl 3.0 30 3.0 30 3.0 3.0
Aleohol
Ethyl Vanillin 0.05 = o e = —
Methyl Paraben — 0.1 0.1 0.2 0.2 0.2
Propyl Paraben — 0.01 0.01 0.02 0.02 0.02
Water* 54.23 48.67 51.67 5406 54.06 55.08

Water®= (.1M Citric Acid & 0.2M NaHPO4 solutions o provide a target pH of 5.4- 5.6

Compositions 3-5, 3-6, 3-7, and 3-8 were obtained as uniform white creams. Compositions

3-5, 3-6, and 3-8 exhibited sorne instability, separating after storage for 24 hours at 40 °C.

Composition 3-7 exhibited mstability after storage for 2 days at 45 °C. Viscous creams were
obtained for compositions 3-9 and 3-10; carbomer concentrations were reduced for

subsequent formulations.
Additional progesterone creams were formmilated with the components set forth in Table 8.

Composition 3-11 exhibited desirable viscosity; progesterone granules were observed upon
addition of progesterone. Composttion 3-12, 3-13, 3-14, and 3-15 exhibited 1nstability.
Physical instability was gbserved for composition 3-12 after storage for 13 days, and physical
instability was obscrved for coraposition 3-14 after storage at 45 °C for 2 days. Formulation
of composition 3-13 did not result in g stable emulsion. Formulation 3-16 was obtained as a

uniform white cream.
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Table 8. Progesterone Cream Compesitions.
Ingredient 3-11 ,3"12 3-13 3-14 3-15 3-16
' Yo {wiw) | YW {w/w} | Y% {wiw) | Wwiw) | Y% {w/w) | Y% {(wiw)
Progesterone 2.5 2.5 2.5 2.5 2.5 2.5
MIGLYOL 812 15.0 15.0 15.0 15.0 15.0 15.0
d-Limonene 5.0 5.0 5.0 5.0 5.0 5.0
TRANSCUTOL 3.0 3.0 3.0 3.0 3.0 3.0
CREMOPHOR o e e e e 3.0
Ab
CREMOPHOR e e e e e 3.0
A235
GELOT 64 4.0 4.0 — 8.0 12.0 —
EMULCIRE 61 4.0 4.9 3.0 3.0 50 —
APIFIL - - 5.0 — — —
CAPRYOL 90 e — - . — -
Cetyl Aleohol _— — - —_— — 6.2
LAUROQGLYCOL 5.0 5.0 5.0 5.0 5.0
Carbomer e mem - e ~m 0.02
Isostearyl Alcohol 3.0 3.0 30 -~ _— 3.9
Propylene Glyeol 3.0 3.0 3.0 5.0 4.0 3.0
Ethyl Vanillin e — e o — .05
Methyl Paraben 8.2 0.2 0.2 0.2 0.2 —
Propyl Paraben 8.02 0.02 (.02 8.02 0.02 o
Water® 55.28 55.28 55.28 53.28 48.28 56.23

Water*= 0.1M Citric Acid & 0.2M Na,HPO, solutions to provide a target pH 0 5.4- 5.6

Additional progesterone creams were formulated with the components sct forth in Table 9,

Thin, less viscous creams were obtained for compositions 3-17 and 3-18. Thick, viscous

uniform creams were obtained for compositions 3-19 and 3-28. Composition 3-19 began to

separate after storage at 40 °C for 16 hours, while Composition 3-20 began to separate after

storage at 40 °C for 18 howrs. Formulations 3-21, 3-22, and 3-23 were obtained as uniform

off-white to light yellow creams, which were stable upon storage at 40 °C.
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3-17 3-18 3-19 3-20 3-21 3-22 3-23

Ingredient Yo Yo % % % % %
{w/w} {(w/w) {wiw) {wiw) {w/w) {w/w) {w/w)

Progesterone 2.5 2.5 2.5 2.5 2.3 2.5 2.5

MIGLYOL 812 15.0 15.0 15.0 15.0 15.0 15.0 15.0
d-Limonene — 5.0 5.0 5.0 5.0 5.0 —
TRANSCUTOL 3.0 -~ 30 30 3.0 3.0 3.0
CREMOPHOR 3. 3.0 e 3. e e e
CREMOPHOR 3.0 3.0 e 3.0 —-e - -

A2S

GELOT 64 — - — _— 7.0 7.0 7.0
EMULCIRE 61 — -~ ~ee - 3.5 3.5 3.5
Glyceryl Stearate — — 5.0 — . — —
PEG 100 Stearate — — 5.0 — — — o
Lecithin — e — 3.0 3.0 3.0 30
Cetyl Alcohol 6.2 6.2 6.0 6.2 o — —
LAUROGLYCOL 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Carbomer 0.02 0.02 0.02 0.02 0.1 0.2 8.2
Isostearyl Alcohol 3.0 3.0 — 3.0 _— _— _—
Propylene Glyeol 3.0 3.0 4.0 — 4.0 4.0 4.0
Ethyl Vanillin 0.05 0.05 — 0.05 — — -
Methy! Paraben _— e 0.2 — 0.2 (.2 0.2

Propyl Paraben — — 0.02 — .02 (.02 (.02

Water* 56.23 54.23 4926 51.3 51.68 51.58 56.58

Water™= (.1M Citric Acid & 0.2M NaHPQ, solutions to provide a target pH of 5.4- 5.6

Additional progesterone creams were formulated with the components set forth in Table 10.

Compositions 3-24 and 3-25 were obtained as uniform creams. The viscosity of composition
3-25 was very low; higher concentrations of carboroer were used to obtain desirable
viscosity. Application of composition 3-26 resulted in an undesirable fecling on the skin, and
crystals were observed 1u the composition after storage for oue month at rvoom terperature.
Compositions 3-28 and 3-29 did not exhibit a glossy appearance and contained visible
particles of progesterone. Coroposition 3-30 exhibited a glossy appearance and contained

visible particles of progesterone.
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Ingredient 3-24 3-28 3-26 3-27 3-28 3-29 3-36
Vs Yo % Vs Yo % %
{w/w) | (wiwy | {(w/w) {w/w} {(w/w} {w/w) {w/w)
Progesterone 2.0 2.5 2.0 2.0 50 3.0 3.0
MIGLYOL 840 . ~ee —_— 25.0 — — -
MIGLYOL 812 25.0 15.0 15.0 28.0 25.0 15.0
d-Limonene 1.5 5.0 5.0 1.5 2.0 1.5 2.0
TRANSCUTOL 3.0 3.0 3.0 3.5 2.0 3.0 3.0
CREMOPHOR A6 3.0 3.0 1.5 3.0 2.0 30 3.0
CREMOPHOR A25 3.0 3.0 4.5 3.0 2.0 3.0 3.0
Cetyl Alcohol 6.2 6.2 6.2 5.5 5.5 6.8 6.5
LAUROQGLYCOL 90 { - 5. 5.0 _— 3.0 3.0 4.0
Propylene Glycol 3.0 . 4.0 3.3 0.3 0.2 0.1
Carbomer 0.1 0.02 (.01 0.2 50.15 51 57.3
Water 501 | 34.23*% 1 502* 50.0 3.0 3.0 4.0
Oleic acid — — o 3.0 — _— o
Ethyl Vanilla 0.1 0.03 0.05 0.05 0.1 0.1 0.05
{sostearyl alcohol 3.0 3.0 3.0 - — 3.0 —

Water*= 0.1M Citric Acid & 0.2M Na,HPO, solutions to provide a target pH 0 5.4- 5.6

Example 4. Franz Diffusion Cell Studies

Penectration of progesterone using creams with different penetration enhancer concentrations
== > i

was studied. Measured flux values for the compositions are summarized in Table 11.

Table 11, Summary of flux of cream formulations with different concentrations of

penetration enhancers.

Compeosition Flux (pgeem “ehr)
3-17 44,462
3-18 64.929
3-16 77.645
3-5 83.747

[3808]

Flux of progesterone creams with different concentration of d-lirnonene was

studied. Experimental data is shown in Figure 3, and the measured flux values are

summarized in Table 12,
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Table {2, Summary of flux of cream formulations with different concentrations of d-

limonene
Compeosition Flux (pgeem ehr) % d-Limonene
{w/w}
3-6 33.93% 10
3-7 48.224 7.5
3-5 83.745 5

Penetration of progesterone was studied using cream fornmulations with and without d-
5 lmonene. Data for the experiment are shown tn Figure 4 and summarized in Table 13A.
The use of d-limonene resulted in a more than 100% increase in progesterone flux compared

to the composition without d-limonene.

Table 13A. Comparisen of flux of cream formulations with & without 4-limonene at

§.2% Carbomer

Composition %% d-Limonene Flux {(ngecm-2ehr-1)
{(w/w)
3-23 0 32.065
3-22 3 72.762
10
Flux properties for the new compositions as assessed by Franz cell diffusion studies were
comparced with a compounded cream containing 1.6% (w/w} progesterone. The results of the
coraparison are summarized in Table 138, showing that compaositions of the invention
cxhibited marked increases in flux with respect to the comparative example.
15 Table 13B. Franz Diffusion Testing of Progesterone Cream Formulations
Composition Flux (pgecm-2ohr-1)
Comparative Example 68.493
3-5 83.745
3-14 85015

Example 8. Progesterone 2.5%/ Estradiol §.003% Cream Formulation

A composition containing progesterone and estradiol was formulated according to Table 14.
An off white to light yellow cream was obtained. No visible particles of estradiol were

20 observed. A grit-free smooth cream was formed.
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Table 14. Progesterone 2.8%/ Estradiol 0.6885% Cream Formulation and Observations

Ingredient (Igmpeﬁtimx 5-1
/3
Progesterone 2.5
Estradiol 0.005
MIGLYOL 812 15.0
d-Limonene 5.0
TRANSCUTOL 3.0
GELOT 7.5
EMULCIRE 3.5
Lecithin 3.8
LAUROGLYCOL 90 5.0
Propylene Glycol 4.9
Methyl Paraben 0.2
Propyl Paraben 0.02
Carbomer 0.2
Water™® 51.075

Water*= (.1 M Citric Acid & 0.2 M NaHPOs solutions to provide a target pH of

54-356

The progesterone/estradiol cream was studied during storage under three sets of differcuot

conditions: (1) 25 °C; (2) 40 °C/ 75% RH; (3) 2-8 °C. Results of the stability study are

summarized in Table 15,

Table 15. Stability Testing of Progesterone 2.5% Estradiol 8.685% Cream

5-1
Progesterone 2.5% (w/w)
Stability Testing Estradiol 0.005% (w/w)
Observation | Pmg/g | % LC | Emg/g | % | Gritiy® | Microscopy
1L.C
Initial Stable/ No 23.7 94 ¥ 0.044 | B8.0 | Absent | No crystals
Neparation
7 Bays 25 °C Stable/ No 24.0 96.0 3.046 | 92.0 | Absent | No crystals
Separation
7 Days 40 °C/ Stable/ No 242 96.% $0.045 | 90.0 | Absent | No crysials
75% RH Separation
7 Days 2-8 °C Stable/ No 24.0 96.0 0.045 | 90.0 | Absent | No crystals
Neparation

P= Progesterone & E= Lstradiol *

Analysis was conducted after 14 days and 30 days. No grittiness or crystals found after 30

days.

Example 6. Scale up of Progesterone 2.5% & Progesterone 2.5%/ Estradiol §.805%

Cream
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Larger batches of progesterone creams and progesterone/estradiol creams were formulated

according to Tables 16-19.

Table 16. Composition 1. Progesierone 2.5% Cream Formulation

Ingredients Y% wiw | (ty./Batch

Progesterone Micronized, USP 2.5 258¢

Mediuro Chain Triglycerides, NF (MIGLYOL 812) 15.0 1568 g
d-Liraonene 5.0 58.0 g

Dicthylene Glycol Mouno Ethyl Ether EP/NF, 30 8¢

(TRANSCUTOL P)
Propylene Glycol Monolaurate (Type 1) EP/NE, (LAUROGLYCOL 50 S0.6¢
94}
Muxtare of Glycerol monostearate EP/NF and PEG-75 stearate 7.0 70.8 g
NE/JPE, (GELOT 64)
Mixture of Cetyl Alcohol EP/NF and Ethoxylated Fatty Alcchols 35 358 ¢
{Ceteth-20, Stearcth-20) EP/NF, (EMULCIRE 61 WL 2659)

CARBOPOL 980 NF Polymer 0.2 2.0¢g

Liguid Soy Lecithin 3.0 RLRLES

Propylene Glycol, USP 4.0 40.8 o

Methyl Paraben, NF 0.2 28g

Propyl Paraben, NF EP,BP,IP 0.02 8.2¢

Citric Acid Monohydrate, Granular, USP .47 470 ¢

Dibasic Sodium Phosphate, Dried, USP .82 828 g

Purified Water, USP (SN 542.90

TOTAL 100 1808 g
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Table 17. Composition 1. Progesterone 2.8% Cream Formulation

Ingredients Yo wiw (ty./Baich

Progesterone Micronized, USP 2.5 254 ¢

Medium Chain Triglveerides, NF (MIGLYOL 8123 15.0 1506 g

Dicthylene Glycol Mono Ethyl Ether EP/NF, 3.0 RIRUEY

{(TRANSCUTOL P)
Propylene Glycol Monolaurate {Type 1) EP/NF, 5.0 560 g
(LAUROGLYCOL 90}

Mixture of Glycerol mouvostearate EP/NF and PEG-75 7.0 70.0 ¢
stearate NF/JPE, (GELOT 64)

Mixture of Cetyl Alcohol EP/NF and Ethoxylated Fatty 3.5 358¢g

Alcohols (Ceteth-20, Steareth-20) BEP/NF, (EMULCIRE 61
WL 2659)

CARBOPOL 980 NF Polymer 0.2 28¢
Liguid Soy Lecithin 30 308 ¢
Propylene Glycol, USP 4.0 400 g

Methyl Paraben, NF 0.2 28g

Propyl Paraben, NF EP BP JP 0.02 822
Citric Acid Monochydrate, Granular, USP (.53 s36¢g
Dibasic Sodium Phosphate, Dried, USP .92 820 ¢
Purificd Water, USP 35 551.30

TOTAL 100 1680.0 g

Table 18. Compeosition 111 Progesterone 2.5%/ Estradiol §.005% Cream Formulation

Ingredients Yo wiw Qtv./Baich
Progesterone 2.5% Cream {Composition 1) 99.595 497975 o
Micronized Estradiol Hemihydrate, USP 0.003 8.025¢
TRANSCUTOL P Y 0.4 208
TOTAL 100 58080 g

TRANSCUTOL P 1s used to solubilize Estradiol Hemthydrate.

Table 19. Compaosition IV. Progesterone 1.5%/ Estradiel §.605% Cream Formulation

Ingredients % wiw | Qty./Batch
Progesterone 2.5% Cream {Composition i) 89595 | 497975 ¢
Micronized Estradiol Hemihvdrate, USP 0.005 0.025¢g
TRANSCUTOL P 1 0.4 20p
TOTAL 160 300.00 g

(13} TRANSCUTOL P is used to solubilize Estradiol Hemihydrate.

Stabtlity testing was performed on cream formulations stored for four wecks at 25 °C and at
40 °C/ 75%. Samples were tested after 2 weeks and 4 woeks to determine the amount of
progesterone in the cream and to observe any scparation that may have occurred. Results are

shown in Table 20.
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Table 28. Stability testing of progesterone compositions

Stability Testing 3-22 3-23
2.5% {w/w) Progesterone 2.5% (w/w) Progesterone

Observation | mg/g % LC | Observation me/g % 1.C

lnitial Stable/ No 26.3 1052 Stable/ No 254 101.6
Separation Separation

15 Days 25 °C Stable/ No 27.6 1104 Stabic/ No 26.1 1044
Separation Separation

15 Days 40 °C/ Stable/ No 275 110.0 Stable/ No 254 1016
T5% RH Separation Separation

30 Days 25 °C Stable/ No 284 113.6 Stable/ No 243 8972
Separation Separation

30 Days 40 °C/ Stable/ No 27.0 108.0 Stable/ No 238 952
75% RH Separation Separation

Example 7. Microscopic characterization of progesterone compaositions.

Crearn formulations as described above were exarmined using a birefringence microscope to
determine the presence or absence of progesterone crystals. Formulations as described above
were also compared to a corapounded progesterone crearn. Crystals were observed in the
compounded progesterone cream (Figure 7A and Figare 7B}, as well as in Composition U
{Progesterone Cream 2.5% without J-limonene; Table 17; Figure 7E and Figure 7F). More
crystals were observed in the compounded progesterone cream compared to Composition IL
No crystals were observed in Composition I {Progesterone Cream 2.5% with #-limonene;
Table 16; Figure 7C and Figure 7D). Formulations with fully solubilized progesterone {(i.e,,
without progesterone crystalis) are desirable because hormone bicavailability may increase as

a function of hormone solubility.

Crystals from Coraposition [ were isolated and examined using infrared (IR)
microspectroscopy. The IR data confirmed that the birefringent crystals in Figures 7E and 7F
consisted of progesterone. There were no other chemical components in the crystals

observed by IR spectroscopy.

Example 8. Measurement of hormone levels in human subjects after application of
iransdermal progesterene/estradiol compositions,

Seven roale subjects were adroimstered 1 gram of a coroposition having the formulation set
forth in Table 18, Subjects received 25 my of progesterone and 50 ug of estradiol. Hormone

levels were tested in blood serum, saliva, and fingertip capillary flmd at 1, 2, and & hours
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after administration. Testing was conducted using known methods. The change in hormone
levels over each subject’s baschine level, measured prior to crcam administration, was

determined for each time point.

Changes in progesterone levels in serum, saliva, and capillary fluid are plotted in Figure 3,
and changes in estradiol levels i serum, saliva, and capillary fluid are plotted in Figure 6.

No stgnificant changes in hormone levels were seen in the serum samples following
administration. However, large increases in progesterone concentration above baseline were
observed for capillary fluid and saliva samples as shown in Figure 5. Increases in estradiol
concentration above baseline were alse observed for capillary fluid and saliva samples as
shown 1o Figure 6. The high flux exinbited by the cream formulations and the large increases
in hormone levels upon application of the creams indicate that the transdermal
pharmaceutical composttions disclosed heremn are aniquely suited for treatment of hormone

deficiency and associated conditions.

Example 9. Measurement of hormone levels in human subjects after application of

iransdermal progesterone/estradiol compositions,

Further testing was conducted to compare composttions with d-limonene (Composition 11}
Table 18) and without d-limonene (Composition IV; Table 19}, Saliva samples were
obtained at tp and then g of either cream was administered to the upper arm of cach of five
subjects. Saliva samples were collected at 2, 4, 6, and 8 hours and analyzed for progesterone
content. Resulis are summarized in Table 21, demonsirating that composttions with and

without d-limonene provided for the efficient delivery of progesterone.

Table 21. Progestercone saliva concentration AUC values for individual subjects

{ng*hv/mL).

Subject 1 | 2 | 3 4 | 5
AUC (ng-hr/md.)
Composition 116,704 11,902 5,232 212,693 808,402
i1
Composition 61,377 14,958 2,871 50,943 166,897
v,

Example 18. Transdermal Progesterone OUpposes the Effects of Estradiol on the

Reproductive Tract of the Female Rat
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This example demonstrates that transdermally delivered progesterone can block the growth-
related estrogenic effects on the endometrium and vagina in ovariectornized rats. When
topically applied using a formulation as described herein, progesterone successfully
penetrated the skin of rats in a model of cstradiol-induced cndoretrium proliferation to an
extent that resulted in clinically relevant cellular changes on reproductive organs and reversed
the endornetrial proliferation induced by estradiol. The topical formmlation used 18 set forth

in Table 16.

[6809]  Thirty-two 8-week-old, female, Crl:CD® rats underwent ovartectomy 2 weeks prior
to the start of the study. Rats were randomly assigned to 4 groups of 8 rats each. Three of the
groups received 3 pg/kg/day estradiol, subcutancously (8C), for § days as well as a placebo
cream, 10 mg/ke/day progesterone, SC, or 3.125 myp/day progesterone transdermally
beginning on Day 4. The fourth group recetved saline, SC for 8 days and placebo cream
beginning on Day 4. Two hours after the final dose on Day 8, the rats were humanely
euthanzed, uierine weights were rocasured, and the vagina and distal portions of the uterine
horns were fixed and processed for histology and computer-aided morphometry. Study

parameters are outlined in Table 22.
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Table 22. Treatwment schedule for in vive study of topical progesterone formulations.

Mumber of Antmals

Initial  Terminal

\ s A Treatment Dose Dose . -
Group  Treatiment  Route Day Level Volume F ¥
17-3-
Estradiol SC & 0 5 {mi/kg} & 8
vehicle
1
Transderroal
Progesterone | Dermal 4-8 0 125 ul/day 8 8
vehicle
17-p- SC 18 Jugke | S(mlke) | 8 8
Estradiol o ' TEETe p mATe
2 Transdermal
Progesterone | Diermal 4-8 0 125 ul/day 8 &
vehicle
17-p- sC -8 3ughke | 5(mLke) | % 8
Estradiol e o
3
Progesterone SC 4-¥ 1(,) 5 {mi/kg) & 8
‘ ‘ o ' mg/kg | TV
17-B- " \ .
Estradiol SC 1-8 3ugkg | 5 (mi/keg) 8 8
4
2ty Ol oy ¥ ’% 2"’ . , )
Tr&11§@gﬁn,a,l Dermal 4-8 3123 125 ul/day 8 8
Progesterone mg

As expected with this model, ovariectomy without hormone replacement resulied in
significant atrophy of the uterus while unopposed estradiol treatment lcads to hypertrophy as

demonstrated by organ weight measurements and histology.

A pronounced reduction in uterine weight was observed in both groups receiving
progesterone when compared to the estradiol-only treatment group (Figure 8). The
histological images of the uterus (Figure 9) were consistent with the changes in uferine
weights, and the overall size of the vaginal histology images (Figure 10) were alse consistent
with the treatmients. In addition, several estrogen-specific cellular aspects seen in the uterus

{e.g., columnar luminal epithelinm, cosinophilic endometrium) and vagina {e.g., keratinized
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epithelium, rete pegs) were not detected in group receiving progesterone SC or transdermally.

See, Table 23.

Table 23. Histomorphometric data from rats treated with topical and subcutaneous

progesterone.
O pg/kg (8C 3 pg/p (SC 3 ug/ke (SCEsty | 3 ug/kg (8C BEsty/
VehieleyOrmglkg | ESTY 0 mg/kg 10 mg/kg (8C 3125 mykg
Endpoint {Dermal Prog) {Dermal Prog) Prog) {Dermal Prog)
LSMea { LSM | ESMea | LSM | LSMea | LSM | LS8Mea | LSM
n s.6. n s.6. n s.6. n 5.€.
Endometrial
Thickness 236 20 418 20 436" | 311 | 407" | 135
(um}
Lununal
ipﬁ{iﬁm 138 0753 | 478 | 129 | 31941 12 343 169
(o)
Endometrial
Gland Size 1930 | 343 | 4540° | 343 | 4390° | 343 | 4150 | 343
(unr’)
Endometrial
o 4 b4,
Szﬁfﬁ 20 | 165 | 7090 | 04se | 103 | o572 | Y| oew
(cells/mm®)
Number of
Mitotic 577 1 675 | 921° | 982 | 595>% ) 635 | 7280 | 777
Figures
LSMean ~ Least squares mean; LSM s.e. -~ Least squares mean standard exror
" Significantly different froro 0 pg/kg (SC Vebicley0 mg/kg (Dermal Prog); (p<0.01)
‘% Sigruficantly different frorn 3 pg/kg (SC ESTYVO mag/kg (Dermal Prog), (p<0.01)

"Significantly diffcrent from 3 pg/kg (SC EstY 10 mg/kg (SC Prog); (p<0.01)

Dosing with progesterone, both SC and transdermally, resulted in a significant reduction of
hurninal epithelial cell thickness compared to unopposed estradiol. A sigmficant increase in
endometrial gland density was observed for both progesterone-dosed groups compared to
unopposed estradiol and additionally with transdermal as compared to SC progesterone,
These data not only demonstrate that the cream formulations are able to penetrate the skin,

but also that they are delivered to the target tissue and exhibit the desired biological effect.
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Example 11. Exposure, Tissue Distribution, and Metabolite Profile of Transdermal

Progesterone in an Animal Model

Plasma, uterus, and salivary gland levels of progesterone, allopregnanolone (ALLO), and
ALLO-sulfate in the rat were compared following transdermal and subcutancous delivery of
progesterone. The results of the study demonstrated that topical delivery of progesterone lead
to similar hormone levels in the uterus as subcutancous delivery with lower plasma levels of

progesterone and a lower rate of moetabolismo to ALLO and ALLG-sulfate.

Thirty-two 8-weck-old, female, Crl:CD® rats underwent ovariectomy 2 weeks prior to study
start. Rats were randomly assigned to 4 groups of 8 rats each and treated according to the
schedule summarized in Table 22. Three of the groups reccived 3 pg/kg/day 178-cstradiol,
subcutancously (SC), for § days as well as a placebo cream, 10 mg/kg/day (~2.5 mg/rat/day)
progesterone, SC, or 3.13 mg/rat/day progesterone fransdermally beginning on Day 4. The
transdermal formulation is set forth in Table 16, An additional group received vehicle, 8C,

for 8 days and placebo cream beginning on Day 4.

Two hours after the final dose on Day &, the rats were humanely euthanized and plasma,
salivary glands, and roedial portions of the uterine horns were frozen or reserved for
bioanalysis. Plasma and tissue homogenates were analyzed for progesterone, ALLG, and

ALLO-sulfate using LC-MS/MS.

Mean progesterone levels in the plasma following topical admunistration were 2.0 ng/mmL/mg
dose as compared to 5.4 ng/ml/mg dose when administered SC. Mean progesterone levels in
the salivary gland and uterus following topical administration were 10 and 24 ng/mi/mg
dose, respectively as compared to 5.9 and 39 ng/mE/mg dose, respectively, when

-

administered SC. The ratio of progesterone levels in the uterus to plasma was 12 and 7.3 for

the transdermal and SC routes, respectively. See, Table 24 and Figure 11,
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Table 24. Distribution of progesterone in rats treated with topical and subcutanecous

formulations,
Descrintion Plasma Salivary Salivary/ Uterus® Uterus/
senp {ng/ml) {ng/g) Plasma {(ng/g) Plasma
(-“'?"‘p Sham 0.63 0.36 0.57 0.66 1.05
Group %mb“ 3.05 0.80 0.26 237 0.78
2 ream
Croup, Progestorone | 135 147 1.09 98.3 7.8
A » ~ 5 9o Y
Group | Progesterone | ¢ 5, 120 5.12 754 121
4 Crean
Progesterone
Creanmy/ (.46 2.18 0.77
SC

*ocometric mean

Although levels of ALLO in the plasma were similar with both routes of administration, the
levels of ALLO-sulfate were ~12 times higher with SC administration compared to topical
administration (7.6 and 0.61 ng/mbU/mg dose, respectively). In all instances, the mean tissue
fevels of both ALLO and ALLO-sulfate were higher with SC administration compared to
topical administration. Furthermore, the sum of the plasma levels of these metabolites was 2
timnes the plasma level of progesterone after SC dosing, as compared to equivalent plasma

levels after topical dosing. See, Table 25 and Table 26,

Table 25. Distribution of allopregnanoclone in rats treated with topical and

subeuntaneous formulations,

e Plasma | Salivary | Salivary Uterus Uterus
ALLO | Description {ng/ml} {ng/g} /Plasma {ng/g} /Plasma
Group | Sham 2.63 BQL NC BQL NC
Group | | raceho 3.33 BOI NC BOI NC
SToup - Cream o e o e o
Group 3 pmg%;?m“e 580 115 198 19.8 3.24
Group 4 | FTOSSSIETOne | 4 oo 433 0.93 443 0.94
cream
——————
Progesterone - 51 0.3 0.24
creany/SC

BOL = below quantification limit; NC = not calculable
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Table 26. Distribution of allopregnanolone-sulfate in rats {reated with topical and

subcutaneous progesterone.

ALLO- Description Plasma | Salivary | Salivary Uterus Uterus
sulfate Senp {ng/ml} {ng/g} /Plasma {ng/g} Plasma
Group | Sham 0.09 BOL NC BOL NC
Group 2 |Placcbo cream|  0.04 BQL NC BQL NC
Group 3 ng?;f"mm" 19.4 1.50 0.08 2.61 0.13

 Bae, ~ o, ~
Group 4 | | TOECSIETONE |y gy 0.08 0.04 0.06 0.03

cream
Progesterone |, 1y 0.05 0.03
crearn/SC
BOL = below quantification timit; NC = not calculable

Example 12. Progesterone Cream Formulations at Multiple Doses Demonstrates Dose-
responsive Plasma and Uterine Concentrations.

The plasma and uterine concentrations of progesterone was deterrmned following the
application of two 2.5% progesterone cream formulations, with and without d-limonene at a
range of doses. The composition with d-limonene is set forth in Table 27. The composition

without d-limonene is set forth in
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Table 28,

Table 27. 2.5% Topical Progesterone Cream

PCT/US2015/042621

Ingredient Y% Wiw Qty/Batch
(g
Progesterone Micronized USP 2.50 62.5
Medium{ Chaﬂin ’i;rigi yc;rides, NF 15.00 375
(MIGLYOL 812)
B dm}ijinmnene 500 195
{High Purity Terpencs, 99)
Dicthylene Glycol Mone Ethyl Ether EP/NF 3,00 75
(TRANSCUTOL P) T -
Propylene Glycol Monolaurate (Type 1} EP/INF s i
(LAUROGLYCOL 90) )00 125
Butylated Hydroxytoluene, Granular, NF 0.10 2.5
Mixture of Glycerol mounostearate EP/NF and
PEG-75 stearate NF/JPE 7.60 175
{GELOT 64y
Mixture of Cetyl Alcohol EP/NF and
Ethoxylated Fatty Alcohols o s N
(Coteth-20, Stearcth-20) EP/NE .30 87.3
(EMULCIRE 61 WL 2659)
CARBOPOL 980 NF Polymer 0.20 3
Liguid Soy Lecithin 3.00 75
Propylene Glycol, USP 4.00 106
Methylparaben, NF 0.20 5
Propylparaben, NF, EP, BP 0.02 8.5
Citric Acid Monohydrate, Granular, USP $5.47 11.75
Dibasic Sodium Phosphate, Dried, USP 0.82 20.5
Purified Water, USP 50.19 125475
TOTAL 100.00 2500
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Table 28, 2.5% Topical Progesterone Cream
g

Ingredient Yo WiwW Qtyoégatch
Progesterone Micronized USP 2.50 62.5
Medium Chain Trglyeerides, NF , e
(MIGLYOL §12) 15.00 370
Diicthylene Glycol Mono Ethyl Ether EP/NF 3.00 75
{TRANSCUTOL P) ' -
Propylene G}yc@ Mgn_slagratc {Type 1) EP/NF 5 00 195
{(LAURODGLYCOL 90) o i
Butvlated Hydroxytoluene, Gramular, NF 0.10 2.5
Mixture of Glycerol monostearate EP/NF and
PEG-75 stearate NF/JPE 7.60 175
(GELOT 64)
Mixture of Cetyl Alcohol EP/NF and
Ethoxvlated Fatty Alcohols {Ceteth-26, Stearcth- .
: Yoy FoNE 3.50 R7.5
(EMULCIRE 61 WL 2659)
CARBOPOL 980 NF Polyrer 0.20 5
Liquid Soy Lecithn 3.00 75
Propylene Glycol, USP 4.00 160
Methylparaben, NF 0.20 5
Propylparaben, NF, EP, BP 0.02 8.5
Citric Acid Monohydrate, Granular, USP .47 11.75
Dbasic Sodium Phosphate, Dried, USP 0.82 20.5
Purified Water, USP 35.19 1254.75
TOTAL 160.00 2500

Fifty-six 8-week-old, female, SDHIa®R(SDYCVE® rats underwent ovariectorny 2 weeks prior
to study start. Rats were randomly assigned to 7 groups of 8 rats cach. All of the groups
received 3 pg/kg/day 17P-estradiol, subcutancously {SC), for & days as well as one of the
folowing: (a) placebo cream; (b} d-limonene-containing 2.5% progesterone cream at §.3, 1,
or 3 mg/kg/day progesterone; or {¢) d-limonene-free 2.5% progesteronc creamat 0.3, 1 or 3
mg/kg/day beginning on Day 4. See, Table 29. The different doses of progesterone were
achicved by varying the amount of 2.5% progesterone cream applied to a proportional area of
skin of the rat (~4.5 mg cream/cm’ skin). Two hours after the final dose (Day 8), the rats
were humanely cuthanized and plasma and medial portions of the uterine horns were frozen
for bioanalysis. Plasma and tissuc homogenates were analyzed for progesterone by LC-

MS/MS.
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Table 29, Treatment schedule for in vive study of progestersne

~ Treat ¢ | Route Treatment | Dose Baose Number
roup reatmen pute day Leved Volume of Animais
17-8- , .
. L ) = 3 1542 /,
, Estradiol SC 18 nghkg | 3 (mlkg)
: Placebo 8
e Dermal 4-8 0 120 ul/day
cream
175 8C 1-8 3ughkg | S (mb/kg)
5 Estradiol TrETe s 2
: mgesiem;ne Dermal 4-8 I mglrat | 120 pl/day
cream | )
173~ . : , . e
SC -8 3 ugk S {mhb/kg
A Estradiol St 1 S nglkg (mL/kg) 2
ngcstcml:ﬁ | Dermat 4-8 I mpfrat | 40 ul/day
cream |1
7B sC 1-8 3 ughke | 35 (mL/ke)
4 Estradiol ' ' e ~ : 9
Progesterone . P 8.3 g
crearn 1° Dermal 4-8 rg/rat 12 ul/day
. Fstradiol SC 1-8 3ugkg | 3 (mLlkg) .
b 3vrarivosto =
hogmtu;ocm Dermal 4-8 3 mg/rat | 120 ul/day
cream 2
17-8- e
: : : - 3 ugrky
) Estradiol SC 1-8 ug/kg | S (mb/kg) .
P}‘ogestefﬁne Derroal 4-8 I mg/rat | 40 ul/day
cream 2
17-B- . o
. SC -8 3 agk mi/kg
- Estradiol SE i nghkg | Stmbkeg) g
H’ mgcstci(znc Dermal 4-¥ ()‘,“3» 1 12 uliday
cream 2 mg/rat

* contains d-limonene

<

b Table 27
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Table 28

Mean progesterone levels in the plasma were dependent on the dose of progesterone applied
in the d-limonene-contatning formulation (17.9, 114, and 4.07 ng/ml. for 3.0, 1.0, and 0.3
mp/kg/day, respectively). Similarly, the formulation without d-limonene resulted in plasma
levels that were generally dose~-dependent (19.4, 9.15, and 7.45 ng/ml for 3.0, 1.0, and 0.3
mg/kg/day, respectively; Table 30). The concentrations of progesterone detected in the
uteruses with both formulations were also generally dose responsive (with d-livoonene: 33.6,
27.1, and 6.08 ng/g; without d-limonene: 36.4, 15.5, and 9.31 ng/g for 3.0, 1.8, and 0.3

mg/kg/day, respectively; Table 313

Table 30. Plasma progesterone levels affer repeated dosing.

Plasma Levels Mean = SD {ng/mb plasma)
Dose (rug/kg/day) With d-limonene Without 4-limonene
3.0 17.9 + 4.64 194+ 3527
1.9 11.4+467 915291
(.3 407 +£3.16 7.45+7.11

Table 31. Uterine progesterone levels after repeated dosing.

Uterine Levels Mean + 5D (ng/g tissuc)
Dose {mg/kg/day) With d-limonene Without d-limonene
3.0 33.6+1.57 364+ 2.65
1.0 27143578 15,54 1.30
(.3 6.08 + 0.461 931+ 1.49

Example 13. Toxicity Study of Transdermal Progesterone in an Animal Model

Dermal safety and systernic exposure of 2.53% progesterone cream {(see, Table 27) was
assessed during and after 13 weeks of daily dermal administration to Géttingen Minipigs”™.
Twenty-one 4-month-old (Juvenile), fomale, minipigs were randoruly assigned to 3 groups
{untreated, placebo control, and 2.5% progesterone cream} of 7 minipigs each. The placebo
and active creams were applied to 10% body surface arca once per day at the rate of the 4.5
mg formulation/cm’ (approximately 4 mg progesterone/kg body weight). Parameters
cvaluated at 14 and 90 days included clinical signs, dermal irritation, body weight,
ophthalmoscopy, electrocardiography, clinical pathology, toxicokinetics, gross pathology,
organ weights and histopathology. Following 14 days of daily dosing, an interim sacrifice
occurred with 1 animal/group. At terminal necropsy, 4 animals/group were sacrificed and the

remaining 2 animals/group underwent a 14 day recovery period prior to sacrifice.
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Plasma levels of progesterone were at or near the limit of quantification of the assay (3.05
ng/mL)} prior to dosing on Day 1 for all anumals. Following dosing on Day 1, the minipigs in
the progesterone cream group showed maximum plasma levels of 0.20 to 0.77 ng/mb. Un
Day 14, predose levels ranged from 0.56 to 5.5 ng/mL, which 1s consistent with occurrence of
accumulation of progesterone upon repeated administration. The maximum plasma
concentrations were not significantly higher than predose levels suggesting that progesterone
had achieved nearly steady-state levels. The study demounstrates that topically-applied
progesterone successfully penctrates the skin of the minipig, a model of human skin

penetration.

Table 32. Progesterone Plasma Concentrations in Minipig Model

Progesterone Concentration | Progesterone Concentration
Group* | Composition in Minipig Plasma in Minipig Plasma
Day 1 Day 14
Time Average lime Averag
: Average . : Average
pont el SD point | D
(ho) {ng/mL) (hr) {ng/mL}
0 | 0324 | 014t | 0 | 0050 | T
I Untreated
] 0.204 (.353 I 0.071 0.024
y 19 5 e
. Placcho 0 0.145 0.126 0 0.059 NC
Cream 1 0.082 | 0.084 1 0.072 | 0033
O 0.050 0.000 ¢ 2.920 1.958
] 8.200 0.253 1 3.593 1.665
2.5% 3 0.274 0.147 3 3.300 1.529
3 Progesterone
Cream 6 (.342 $.153 6 2.569 1.649
12 0.293 0.116 12 1.625 0.965
24 g.211 (.103 24 1.554 1191

~
/
I

*n ey
SD = standard deviation; NC = not calculable

Although the foregoing invention has been described in some detail by way of illustration and
example for purposes of clarity of understanding, one of skill in the art will appreciate that
certain changes and modifications may be practiced within the scope of the appended claims.

in addition, cach reference provided herein is incorporated by reference in its entirety to the
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same extent as if each reference was individually incorporated by reference. Where a conflict
cxists between the instant application and a reference provided herein, the tustant application

shall dominate.
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WHAT IS CLAIMED IS5:

1. A transdermal pharmaceutical composition comprising
progesterone,
a medium-chain otl, and
d-Himonene,

wherein the pharmaceutical composition is formulated as a cream for topical

administration.

2. The transdermal pharmaceutical composition of claim 1, comprising

progesterone in an amount ranging from about 1.5% (w/w) to about 3.5% (w/w).

-~

3. The transdermal pharmaceutical composition of claim 2, comprising

progesterone in an amount ranging from about 2% {w/w} to about 3% {w/w).

4. The transdermal pharmaceutical composition of claim 1, wherein the
mediurm-chain oil comprises medium-chain triglycerides, the medinm-chain triglyeernides

substantially comprising caprylic triglyceride and capric triglyceride.

3. The transdermal pharmacentical composttion of claim 1, comprising d-

limonene in an amount ranging from about 1% {(w/w}) to about 12% (w/w).

6. The transdermal pharmaceutical composition of claim 5, comprising d-

limonene in an amount ranging from about 1.5% (w/w) to about 10% (w/w).

7. The transdermal pharmaceutical composition of claim 1, comprising

progesterone in an amount ranging from about 1.5% (w/w) to about 3.5%
{(wiwy;

a medium-chain oil in an amount ranging from about 10% (w/w) to about 30%
{(w/w}; and

d-Hmonene in an amount ranging from about 1% (w/w) to about 12% {(w/w).

K. The transdermal pharmaceutical composition of claim 7, comprising

progesicrone in an amount ranging from about 2% (w/w} to about 3% (w/w);

a roedium-chain ol 1h an amount ranging fror about 15% (w/w) to about 25%
{w/w}; and

d-Hwmonene 1o an amount ranging from about 1.5% {w/w) to about 10% {(w/w).
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9. The transdermal pharmaceutical composition of claim 7, comprising
progesterone in an amount of about 2.53% {(w/w};
a medium-chain o1l in an amount of about 15% (w/w); and

d-Himonene in an amount ranging from about of 5% (w/w).

5 10.  The transdermal pharmaceutical composition of claim 1, further

comprising estradiol.

11, The transdermal pharmaceutical composition of claim 10, comprising

estradiol i an amount ranging from about 8.001% (w/w) o about 0.5% (w/w).

12.

The transdermal pharmaceutical compostition of ¢laim 10, comprising

10 estradiol in an amount of about 0.005% {(w/w).

13, The transdermal pharmaccutical composition of claim 10, comprising

estradiol in an amount of about 0.05% (w/w)

14, The transdermal pharmaccutical formulation of claim 1, comprising
progesterone in an amount of about 2.5% (w/w);

I35 a medium-chain oil in an amount of about 15% {(w/w), the mediurn-chain oil
comprising medium-chain triglycerides, the medium-~chain triglycerides substantially
comprising caprylic triglyceride and capric trighyceride;

d-Hwmoneoe 1n an amount of about 3% (w/w);
diethylene glycol monoethyl cther in an amount of about 3% {(w/w);
20 propyleve glycol monolaurate in an amount of about 5% {(w/w);
a stearate mixture in an amount of about 7% (w/w}, the stearate mixture
comprising glycerol monostearate and PEG-7S stearate;
a cetyl alcohol mixture in an amount of about 3.5% (w/w), the cetyl alcohol
mixture coraprising cetyl alcohol, ceteth-20, and stearcth-20;

a carbomer in an amount of about 8.2% (w/w};

N2
Lo

lecithin in an amount of about 3% (w/w};

propylene glycol 1n an amount of about 4% (w/w);
methyl paraben in an amount of about 0.2% (w/w),
propy! paraben in an amount of about 0.02% (w/w);

30 citric acid in an amount of about 0.5% (w/w);
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sodium phosphate in an amount of about 8.8% {w/w); and

purificd water.

15, The transdermal pharmaccutical formulation of claim 14, further

comprising estradiol in an amount of about 0.005% (w/w).

5 16, The transdermal pharmaceutical formulation of claim 1, comprising

progesterone in an armount of about 2.5% (w/w});

a roedium-chain ol 1n an amount of about 15% (w/w), the medivro-chain ol
comprising medium-chain friglycerides, the medium chain triglycerides substantially
comprising caprylic triglyceride and capric trighycenide;

10 d-Himonene in an amount of about 3% {(w/w);

diethylene glycol monoethyl cther in an amount of about 3% (w/w);

propylene glycol moneolaurate in an amount of about 3% {(w/w},

butylated hydroxytoluene in an amount of about 0.1% {(w/w);

a stearate mixture in an amount of about 7% {w/w), the stearate mixture

15 comprising glycerol monostearate and PEG-75 stearate;

a cetyl alcohol mixture in an amount of about 3.5% {w/w), the cetyl alcohol
mixture comprising cetyl alcohol, ceteth-20, and steareth-20;

a carbomer in an amount of about 8.2% {(w/w});

lecithin in an amount of about 3% {(w/w);

20 propylene glycol in an aroount of about 4% (w/w);
methyl paraben in an amount of about 6.2% (wiw);

propyl paraben in an arsount of about 0.02% (w/w);

citric acid in an amount of about §.5% {w/w};

sodium phosphate in an amount of about 0.8% (w/w}; and

N2
Lo

purified water.

17.  The transdermal pharmaceutical formulation of claim 16, further

comprising estradiol in an amount of about 0.005% (w/w).

18. A transdermal pharmaceutical composition comprising
progesterone,
30 a solubilizing agent comprising a medium-chain oil, and

a penctration cnhancer,
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wherein the pharmaceutical composition is formulated as a cream for topical

adminisiration.

19, The transdermal pharmaccutical composition of claim 1§, wherein the
penetration enhancer comprises propylene glycol monolaurate, diethylene glycol monoethyl

ether, and propylene glycol.

20.  The transdermal pharmaceutical composition of claim 18, wherein the

penetration enhancer further comprises d-limonene.

21.  The transdermal pharmaceutical composition of claim 18, wherein the
composition comprises:

progesterone,

a medium-chain oil,

propylene glycol monolaurate,

diethylene glycol monoethyl ether, and

propylene glycol,

wherein the pharmaceutical composition is formmlated as a cream for topical

administration.

22. The transdermal pharmaceutical composition of claim 21, comprising

progesterone in an amouunt ranging from about 1.5% (w/w) to about 3.53% (w/w}.

23, The transdermal pharmaceutical composition of claim 22, comprising

progesterone in an amount ranging from about 2% (w/w) to about 3% (w/w).

24, The transdermal pharmaceutical composition of claim 1§, wherein the
medium-chain oil comprises mediurn-chain triglycerides, the mediur-chann triglycerides

substantially comprising caprylic triglyeeride and capric triglyceride.

25, The transdermal pharmaceutical composition of claim 21, comprising

progesterone in an amount ranging from about 1.5% (w/w) to about 3.5%
{w/w}; and

the medium-chain oil in an amount ranging from about 10% {(w/w) to about

30% (w/w).

26, The transdermal pharmaceutical composition of claim 23, coraprising
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progesterone in an amount ranging from about 2% {w/w) to about 3% {(w/w});
and
the medium-chain oil in an amount ranging from about 15% (w/w) to about

N
NG
@

25% {wiw).

27.  The transdermal pharmaceutical composition of claim 25, comprising
progesterone in an amount of about 2.5% {w/w); and

the medium-chain oil in an amount of about 15% (w/w).

28.  The transdermal pharmaccutical composition of claim 21, further

comprising esiradiol.

29, The transdermal pharmaceutical composition of claim 28, comprising

estradiol in an amount ranging from about 0.001% {w/w} to about 0.5% {w/w}.

5

36.  The transdermal pharmaceutical composition of claim 29, comprising

estradiol in an amount of about 0.005% (w/w).

31, The transdermal pharmaceutical composition of claim 29, comprising

estradiol in an amount of about 0.05% (w/w).

32, The transdermal pharmaceutical formulation of claim 21, comprising

progesterone in an amount of about 2.5% {(w/w);

a medium-chain oil in an amount of about 15% {(w/w), the medium-chain oil
comprising medium-chain triglycerides, the medium chain triglycerides substantially
coraprising caprylic triglyceride and capric trighyceride;

dicthylene glycol monoethyl ether in an amount of about 3% (w/w);

propylene glycol monolaurate in an amount of about 5% (w/w);

a stearate mixture in an amount of about 7% {w/w), the stearate mixture
comprising glycerol monostearate and PEG-75 stearate;

a cetyl alcohol mixture in an amount of about 3.5% (w/w), the cetyl alcohol
mixture comprising cetyl alcohol, ceteth-20, and steareth-20;

a carbomer in an amount of about 8.2% {(w/w});

lecithin in an amount of about 3% {(w/w);

propylene glyeol in an aroount of about 4% (w/w);

methyl paraben in an amount of about 0.2% (w/w};
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propyl paraben in an amount of about 0.02% (w/w);
citric acid in an amount of about .5% (w/w);

sodium phosphate in an amount of about 0.8% (w/w); and

purificd water,

5 33, The transdermal pharmaceutical formulation of elaim 32, further

comprising estradiol in an amount of about 0.005% (w/w).

34, The transdermal pharmaceutical composition of claim 32, comprising

estradiol in an amount of about 0.05% (w/w).

35, The transdermal pharmacecutical formulation of claim 21, comprising
10 progesterone in an amouut of about 2.5% (w/w);

a medium-chain oil in an amount of about 15% {(w/w), the medium-chain oil
comprising wediam-chain iriglycerides, the medium chamn triglycerides substantially
comprising caprylic triglyceride and capric trighyceride;

dicthylene glycol monoethyl cther in an amournt of about 3% (w/w);

5 propylene glycol monolaurate in an amount of about 5% (w/w);

butylated hydroxytoluene in an amount of about 0.1% (w/w);

a stearate mixture in an amount of about 7% (w/w), the stearate mixture
comprising glycerol monostearate and PEG-73 stearate;

a cetyl alcohol maixture v an amount of about 3.5% (w/w), the cetyl alcohol

20 mixture comprising cetyl alcohol, ceteth-20, and stearcth-20;

a carborner in an amount of about 0.2% (w/w);

lecithin in an amount of about 3% (W/w};

propylene glyeol in an amount of about 4% (w/w);

methyl paraben in an amount of about 8.2% {(w/w});

25 propyl paraben tn an amount of about 0.02% (w/w);
citric acid in an amount of about 0.5% (w/w};
sodium phosphate in an amount of about 0.8% {(w/w); and

purified water.

-~

36. The transdermal pharmaceutical formulation of claim 35, further

30 comprising cstradiol in an amount of about 0.005% (w/w).
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37.  The transdermal pharmaceutical formulation of elaim 38, further

comprising estradiol in an amount of about 0.05% (w/w).

38. A method for treating a condition associated with hormone defictency
in a subject, the method comprising administering to the subject a transdermal

pharmaceutical formulation according to claim 1.

39, A method for treating a condition assoctated with hormone deficiency
in a subject, the method comprising administering to the subject a transdermal

pharmaceutical formulation according to claim 19,
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Figure SA
Mean Corrected Progesterone Values
{Saliva, Serum, and Capillary)
g Capillary Progesterons
1.E+05 + .
—fe— Saliva Progesterone
LE+DS J —g-- Serum Progestarone
H
Apglmb- 3 ¢ g
5.E+04
4.E+04
2.E+04
0.6+00 B8 ; v
1 2 3 4 5 5] 7 8
-2.E+04 .
Tine (hours)
Figure 5B
Log Mean Corrected Progesterone
{Saliva, Serum, and Capillary}
—g-- Capillary Progesterone
5.00 4

~ge Saliva Progastercne
g Serum Progesterone

-

Time (hours)

4/10



WO 2016/018993
Figure 6A
8600 -
500 -

ApgimL

Figure 6B

PCT/US2015/042621

Mean Corrected Estradiol
{Saliva, Serum, and Capillary)

—— Capillary
Estradiol
—&— Saliva Estradiol

& Serum Estradicl

Time {hours)

Log Mean Corrected Estradiol
(Saliva, Serum, and Capillary)

~- Capillary Estradiol
~e~ Saliva Estradiol
~&— Sarum Estradiol

Time (hours)

5/10



WO 2016/018993 PCT/US2015/042621

Figure 7A Figure 78

Figure 7

Figure 7T ' | | ‘

6/10



WO 2016/018993 PCT/US2015/042621

el

tterine Weight {g}

Mean + 5D; n=8
* p=0.02 vs. Neg Contral

7/10



WO 2016/018993 PCT/US2015/042621

X

. -

E

X %
2 e

Rk \\\\\\\ X
- o

N\

SN

Figure 9 \\\\

L]
QL
o] s .
g \o\\‘\. \\\ql\is
R

s

&~

¢ &

8/10



WO 2016/018993 PCT/US2015/042621

Sroup 4

&
Figure 10 \\\ég\\\\\x
&

hMag. 2x

=
=
6h
&
=

9/10



PCT/US2015/042621

WO 2016/018993

Figure 118
Salivary Gland

&
A@@
(L
(5]
L
2 o 7
3] 3 ] £3 m&%
snsen Heuvseisebod By T g i
u Qm.,.
%]
® 5 2w
5 Rd
TR /g,
i “%,
“a
(23
%
<
k73
g7
&
q ¥ |1 4 ) ¥
s [l ool e o] 2
W e ] [£] %t be]

arvesy Braucunysabosd By

Figure 114
Plasma

L] ¥ ¥ ¥ m
MMV i o g 72 2

oo

% = ?
vwsed uysusselsefiosd fu

67563531V.1

10/10



International application No.
INTERNATIONAL SEARCH REPORT PCT/US2015/042621

A. CLASSIFICATION OF SUBJECT MATTER

A61K 31/57(2006.01)i, A61K 31/015(2006.01)i, A61K 47/44(2006.01)i, A61K 47/34(2006.01)i, A61K 9/06(2006.01)i,
A61P 17/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A61K 31/57; A61K 31/573; A61K 8/02; A61K 9/00; A61K 8/04; A61K 31/015; A61K 45/06; A61K 31/515; A61K 47/44;, A61K 47/34,
A61K 9/06; AG1P 17/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electromnic data base consulted during the international search (name of data base and, where practicable, search terms used)
¢KOMPASS(KIPO internal) & Keywords: progesterone, estradiol, medium-chain oil, penetration enhancer, transdermal, cream

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2013-0338122 A1 (THERAPEUTICSMD, INC.) 19 December 2013 1-37
See abstract; paragraphs [0051], [0052], [0056], [0061], [0079], [0080];
and claims 1, 2, 12, 13, 16, 17.

A LANE, M. E., Skin penetration enhancers, International Journal of 1-37
Pharmaceut ics, 2013, Vol. 447, No. 1, pp. 12-21
See abstract; page 19; and tables 1, 4.

A US 2013-0224268 A1 (NEWGEN BIOPHARMA CORP.) 29 August 2013 1-37
See the whole document.

A US 5164416 A (NAGAI, T. et al.) 17 November 1992 1-37
See the whole document .

A US 8551508 B2 (LEE, S. et al.) 08 October 2013 1-37
See the whole document .

. . ) . v .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categorics of cited documents: "T" later document published after the international filing date or priority
"A"  document defining the gencral state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"0"  document referring to an oral disclosute, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the intcrnational search report
29 October 2015 (29.10.2015) 29 October 2015 (29.10.2015)
Name and mailing address of the ISA/KR Authorized officer

International Application Division
¢ Korean Intellectual Property Office LEE, Jeong A
¥ 189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Faééirhile No. +82-42-472-7140 Telephone No. +82-42-481-8740
Form PCT/ISA/210 (second sheet) (January 2015y




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/042621

Box No.II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.. 38, 39
because they relate to subject matter not required to be searched by this Authority, namely:

Claims 38 and 39 pertain to methods for treatment of the human body by surgery or therapy, and thus relate to a subject matter
which this International Searching Authority is not required, under PCT Article 17(2)(a)(i) and PCT Rule 39. 1(iv), to search.

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be scarched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. I:l No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No

PCT/US2015/042621
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2013-0338122 Al 19/12/2013 AU 2013-211876 Al 01/08/2013
AU 2013-277233 Al 27/12/2013
AU 2013-277234 Al 27/12/2013
AU 2013-277235 Al 27/12/2013
AU 2013-277236 Al 27/12/2013
CA 2856520 Al 30/05/2013
CA 2861346 Al 01/08/2013
CA 2876947 Al 27/12/2013
CA 2876964 Al 27/12/2013
CA 2876968 Al 27/12/2013
CA 2876977 A1 27/12/2013
EP 2782584 A2 01/10/2014
EP 2806742 Al 03/12/2014
EP 2861072 Al 22/04/2015
EP 2861073 Al 22/04/2015
EP 2861233 Al 22/04/2015
EP 2861234 Al 22/04/2015
JP 2015-504924 A 16/02/2015
JP 2015-507607 A 12/03/2015
JP 2015-519405 A 09/07/2015
JP 2015-520235 A 16/07/2015
JP 2015-520236 A 16/07/2015
JP 2015-520237 A 16/07/2015
KR 10-2015-0028302 A 13/03/2015
KR 10-2015-0032560 A 26/03/2015
MX 2014015897 A 03/03/2015
US 2013-0129818 A1 23/05/2013
US 2013-0338123 A1 19/12/2013
US 2014-0329783 Al 06/11/2014
US 2015-0148323 Al 28/05/2015
US 2015-0196640 Al 16/07/2015
US 8633178 B2 21/01/2014
WO 2013-078422 A2 30/05/2013
WO 2013-078422 A3 04/12/2014
WO 2013-112947 Al 01/08/2013
WO 2013-192248 Al 27/12/2013
WO 2013-192249 Al 27/12/2013
WO 2013-192250 Al 27/12/2013
WO 2013-192251 Al 27/12/2013
US 2013-0224268 Al 29/08/2013 WO 2013-130535 Al 06/09/2013
US 5164416 A 17/11/1992 JP 02-207024 A 16/08/1990
JP 2651616 B2 10/09/1997
US 8551508 B2 08/10/2013 AU 4951001 A 08/10/2001
BR 0109603 A 25/02/2004
CN 1455661 A 12/11/2003
CN 1838936 A 27/09/2006

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2015/042621
Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 1272144 A2 08/01/2003
EP 1272144 A4 26/04/2006
EP 1675554 Al 05/07/2006
JP 2004-500404 A 08/01/2004
JP 2007-507426 A 29/03/2007
KR 10-2005-0019333 A 06/03/2003
PL 363113 Al 15/11/2004
RU 2002125871 A 20/03/2004
RU 2251405 C2 10/05/2005
US 2002-0086039 Al 04/07/2002
US 2004-0151745 Al 05/08/2004
US 2004-0166172 Al 26/08/2004
US 2007-0275021 Al 29/11/2007
US 7250174 B2 31/07/2007
US 7597900 B2 06/10/2009
WO 01-72262 A2 04/10/2001
WO 01-72262 A3 25/10/2001
WO 2005-032499 Al 14/04/2005

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - claims
	Page 63 - claims
	Page 64 - claims
	Page 65 - claims
	Page 66 - claims
	Page 67 - claims
	Page 68 - claims
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - wo-search-report
	Page 80 - wo-search-report
	Page 81 - wo-search-report
	Page 82 - wo-search-report

