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ENHANCED DELIVERY EPINEPHRINE COMPOSITIONS
CLAIM FOR PRIORITY
This application clasms prionty under 33 U.S.CL §119{e) to ULS. Patent Application
Serial No. 62/331,996 filed on May 5, 2016, which 1s hereby incorporated by reference m its

entirety.

TECHNICAL FIELD

This mvention relates to pharmaceutical compositions,

BACKGROUND
Active mgredients, such as drugs or phanmaceuticals, are delivered to patients w
deliberate fashion.  Debvery of drugs or pharmacenticals usmmg film  transdermally or
transtucosally can reguire that the drug or pharmaceutical penmeate or otherwise cross a

biological membrane m an effective and efficient manner.

SUMMARY

In general a pharmacewtical composttion can mclade a polymeric matnx, epmephrine
the polvmeric matrix, and an adrenergic receptor mteracter. In certam embodiments, the
pharmaceutical composition can further nclude a penmeation enhancer. In certan embodiments,
an adrenergic receptor mteracter can be an adrenergic receptor blocker. In some embodiments,
the adrvenergic recepior mteracter can also be a flavonod, or used i combmation with a
Havonoid.

In certain embodiments, the adrenergic receptor interacter can be a terpenowd, terpene or a
{C3-C22 alcohol or acid. The adrenergic receptor interacter can be a sesquiterpene. In certam
embodunents, the adrenergic receptor interacter can melade farnesol, lnolewe acd, arachidonic
acid, docosahexanme acid, elcosapentanoic acud, or docosapentanoic acid, or combinations
thereof.

In certaim embodiments, the pharmacentical composition can be a film further comprising
a polvmeric matnx, the pharmacentically active component being contained m the polymeric
matrs.

In certamn embodiments, the adrenergic veceptor nteracter can be a phytoextract.
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In certain embodiments, the penmeation enhancer can be a phyvtoextzact.

In certain embodiments, the permeation enhancer can mclude a phenyipropanoid.

In certam embodiments, the pharmaceutical composition can nclude a fungal extract.

fn cartain embodiments, the pharmaceutical composition can include saturated or
unsaturated alcohol.

In certain embodiments, the alcohol can be benzyi alechol.

In some cases, the flavonoid, phytoextract, phenyipropanowd, engenol, or fungal extract
can be used as a solubilizer.

In certain embodiments, the phenvlpropanoid can be sugenol. In other embodiments, the
phenylpropanoid can be engenol acetate. In certam embodiments, the phenyipropanoid can be a
cinmamic god,  In other embodiments, the phenvlpropanoid can be a cimmamic acid ester. 1o
other embodmments, phenyipropanoid can be a cinnamic aldehyde.

In other embodiments, the phenvipropanoid can be a hyvdrocmpamic aad. In certain
embodiments, the phenylpropanoud can be chavicol. In other embodiments, the phenylpropanod
can be safrole.

In certam emboduments, the phvtoextract can be an essential od extract of a clove plant,
In other examples, the phytoextract can be an essential od extract of a leaf of a clove plant.

The phytoexiract can be an essential oif extract of a flower bud of a clove plant. In other
embodiments, the phytoextract can be an essential oil extract of a stem of a clove plant.

In certain embodiments, the phyvtoextract can be synthetic. In certain embodiments, the
phytoextract can nclade 20-93% eugenol, wcluding 40-95% eugenol, and ncloding 60-95%
guzenol. In certain embodiments, the phvtoextract can mclude 80-95% sugenol.

In certam embodiments, the polvmer matnix can mclude a polymer. The polymer can
mnchude a water soluble polymer.

i certain embodiments, the polymer can be g polyethylene oxide.

o certamn embodmments, the polvimer can be a cellulosie polvmer.  In certam
embodiments, the cellulosic polymer can be hydroxypropylmethyl cellulose, hvdroxyethyl
cellulose,  hyvdroxyethylmethyl  cellulose,  hydroxypropyl  celhdose,  methylcellulose,
carboxymethyl cellulose andior sodium carboxymethyicellulose.

In certain embodiments, the polvmer can include hvdroxypropyl methvlcellulose.
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In certain embodiments, the polymer can include polyvethyvlene oxade and hydroxypropyl
methyleellnlose.

fn certam embodiments, the polymer can include polyethviene oxide andfor polyvinyt
pyrrolidone.

In certain embodments, the polvmenc mabrix can include polyethylene oxide andior a
polysaccharide.

In certain embodimemts, the polymenic matnx can mclude polvethvlene oxide,
hydroxypropyl methyicellulose andfor a polysaccharide,

In certamn embodiments, the polvmernic matrix can mclude polyethylene oxide, a
celladosic polymer, polysaccharide andior polyvinyipyrrohidone.

i certam embodiments, the polymeric mairix can wchude at least one polymer selected
from the group ofi pullnlan, polyvinyl pyrrohidone, polyvinyl alcohol, sodium gleinate,
polvethvlene glveol, xanthan gum, tragancanth gum, guar gum, acacia gum, arabic gum,
polyacrylic acid, methvimethacrvlate copolymer, carboxyvimyl copolymers, starch, gelatin
ethylene oxide, propyvlene oxide co-polymers, collagen, albunsn, poly-amine acds,
polvphosphazenes, polvsacchandes, chutin, chitosan, and denvatives thereof,

In certam emboduments, the pharmaceuntical composition can farther mclude a stabibizer.
Stabilizers can mclude antioxidants, which can prevent usnwanted oxadabion of materials,
sequestrants, which can form chelate complexes and inactivating traces of metal 1ons that would
otherwise act as catalysts, emulsifiers and sarfactants, which can stabilize emulsions, ultraviolet
stabilizers, which can protect matertals from harmful effects of ultraviolet radiation, UV
absorbers, chemicals absorbing ultraviolet radiation and preventing 1t from pensirating the
composition, quenchers, which can dissipate the radiation energy as heat mstead of lettmg #
break chemical bonds, or scavengers which can eliminate free radicals formed by ultraviolet
radiation.

I vet another aspect, the pharmacentical composition  has a surable nontoxic, nontonic
alkvl glveoside having a hydrophobic alkyl group jomned by a linkage to a hydrophibe sacchande
i combination with a mucosal delivery-enhancing agent selected fromy {(a) an aggregation
mhbibitory agent; (b) a charge-modifying agent; {¢) a pH comrol agent; (d) a degradative enzyvme
miubitory agent; () & mucolytic or mucus clearing agent; {f} a cthiostatic agent; {g} a membrane

penetration-enhancing agent selected from: (1) a surfactant; (1) a bile salt; {11} a phospholipid
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additive, mixed micelle, liposome, or camer; (1) an alcohol; (1v) an enamine; {v} a ninic oxide
donot compound; (v} a long chain amphipathic molecnle; {vi) & small hydrophobic penetration
enhancer; (viit) sodium or a salicylic acid derivative; (1x} a glycero] ester of acetoacetic acid; {x)
a cvelodextin or beta-ovelodexirin derbvative; (x1) & medium-chain fatty acid; (x31) a chelating
agent; {xi) an ammo acid or salt thereof, {x1v) an Negeetylamino acid or salt thereof] {xv) an
enzyme degradative to a selected membrane component; (1x} an mhibitor of fatty acid synthesis;
{x} an mhibitor of cholesterol svnthesis; and (x1} anv combination of the membrane penetration
enhancing agents rectted w (1}-{x ) (h) a modulatory agent of epithebial junction physiology; (1) a
vasodiator agent; {§) a selective transport-enhancing agent; and (k) a stabilizing delivery vehicle,
carrier. mucoadhesive, support or complex-formung species with which the compound s
effectively combimed, associated, contamed, encapsulated or bound resulting w stabilization of
the compound for enhanced muocosal delivery, wherein the formulation of the compound with the
transtucosal deliverv-enhancing agents provides for mcreased bioavailability of the compound
11 a blood plasma of a subject.

In general a method of making a phanmaceutical composition can include combining an
adrepergic receptor interacter with a pharmaceutically active component including epinephrine
and formmg a phammacevtical composition mcluding the adrenergic receptor mteracter and the
pharmaceutically active component.

In general, a pharmaceuntical composition can be dispensed from a device. A device can
mchade a housing that holds an amount of a pharmaceutical composition, including a polymeric
matrix; a pharmaceutically active component meluding epiephrine in the polvmenc matny; and
an adrenergic recepior tnteracter; and an opeming that dispenses a pradeternminad amount, such as
a predetermuped dose, of the phanmaceutical compostion. The device can also dispense a
phanmaceutical composition including 3 permeation enhancer including a phenylpropanoid
andfor a phvtoextract.

Other  aspects. embodiments, and features will be apparent from the following

description, the drawings, and the claims.



WO 2017/192921 PCT/US2017/031167

BRIEF DESCRIPTION OF THE FIGURES

Referning to Figure 1A, a Franz diffusion cell 100 includes a donor compound 101, a
donor chamber 102, a membrane 103, sampling port 104, receptor chamber 103, stiy bar 106, and
a heater/circulator 107.

Referrmg to Figure 1B, a pharmaceutical composition 15 a hlm 100 comprismg @
polymeric matrix 200, the phammacewtically active component 300 being contained In the
pobymenc matrix. The film can melude 8 permeation enhancer 400,

Referrmg to Figures 2A and 2B, the graphs show the permeation of an active material
from a composiion.

Referrmg to Figure 24, this graph shows average amommt of acfive malerial permeated
vs, time, with 8.00 mgfml. epiuephrive bitartrate and 4.4 mgfuol. epiuephrive base solubihized.

Referring to Figure 2B, this graph shows average flux vs, time, with 800 mgiml
epinephrine bitartrate and 4.4 mg/mlL epinephrine base solubilized.

Referring to Figure 3, this graph shows ex-vivo permeation of epinephrine bitartrate as a
function of concentration. Referring to Figure 4, this graph shows permeation of epineplwine
bitarirate as 8 function of solution pH. Referring to Figure §, this graph shows the mflaence of
enhancers on permeation of epinephrine, mdicated as amount permeaied as a hunction of tme.

Referring to Fignre 6A and 6B, these graphs show the release of epmephrme on polymer
platforms (6A) and the effect of enhancers on its release (0B), indicated as amount permeated {m
ug) vs, time. Refernng to Figare 7, this graph shows a pharmacokinetic model in the male
Yucatan, mmiature swine. The study compares a 0.3 mg Epipen, a 0,12 mg Epmnephvine IV and
a placebo film.

Referring to Figare 8, this graph shows the nmpact of no enhancer on the concentration
profiles of a 40 my epinephrine film vs 0.3 mg Epipen.

Referring t0 Figure 9, this graph shows the mnpact of Enhancer A {Labrasol) on the
concentration profifes of a 40 me epinephnne film vs 8.3 my Epipen.

Referring to Figure 10, this graph shows the mmpact of Enhancer L {clove oil) on the
concentration profiles of two 40 mg Epinephrine films (10-1-1} and (11-1-1) vs. a2 0.3 mg

Epipen,
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Referring to Figure 1Y, this graph shows the mmpact of Enhancer L (clove oil} and film
dimension (10-1-1 thimner, bigger film and H-1-1 thicker, smaller film) on the concentrabion
profiles of 40 myg Epinephrine films ve. a (.3 myg Epipen.

Referring to Figure 12, this graph shows the concentration profiles for varving doses of
Epmephrine hlms m a constant matnix for Enhancer L (clove ol ve. a 0.3 mg Epipen.

Referring to Figure 13, this graph shows the concentration protiles for varving doses of
epinephrine films i a constant matrix for Enhancer L {clove oil} vs. 2 0.3 mg Epipen.

Referrmg to Figure 14, this graph shows the concentration profiles for varving doses of
epinephrine Hilms m a constant matnx for Enhancer A {Labrasol) vs. a 0.3 mg Epipen.

Referring to Figare 15, this wraph shows the impact of Farnesol and Famnesol m
combination with Linoleic Acid on plaswma concentration profiles of 40mg Epmephrine Films vs,
a 0.3 mg Epipen.

Referring to Figure 16, this graph shows the mapact of Farnesol on plasima conceniration
profiles of 40 mg epimephrine films vs. 2 0.3 mg Epipen.

Referring to Figure 17, this graph shows the mmpact of Farnesol in combination with
Linoleic Acid on plasma concentration profiles of 40 my epmephrme films vs. 2 0.3 mg Epipen.

Refernng to Figure 18, this graph shows the mmpact of Farnesol and Famesol
combination with Linoleic Acid on plasma concentration profiles of 40 mg Epmephrine Fims vs.
a 0.3 mg Epipen.

Referring to Figure 19, this graph shows the impact of Enhancer A (Labrasol) m
cotnbmation with Enhancer L {clove oil) on the concentration profiles of » 40 mg Epmephrme
film {also shown in Fig. 20 i logarithmic view.

Referrmg to Figure 20, this graph shows the mmpact of Enhancer A (Labrasol} m
combination with Enhancer L {clove oil} on the concentration profiles of a 40 mg Epineplrine
film vs. the average data collected from 0.3 myg Epipens.

Refterring to Fignre 21, this graph shows the mpact of Enhancer A (Labrasol} m
combination with Enhancer L {clove oil) on the concentration profiles of a 40 my Epinephnine

films, shown as separate aninal subjects.
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DETAILED DESCRIPTION

Mucosal surfaces, such as the oval mucosa, are a convenlent route for delivering drugs o
the body due to the fact that they are highly vasculanzed and penmeable, providing increased
biosvatlability and rapid onset of action becanse it does not pass throagh the digestive system
and thereby avoids first pass metabolism. In particular, the buccal and sublingual tissues offer
advantageous sites for drug delivery because they are highly permesble regions of the oral
mucosa, allowing drugs diffusing from the oral mucosa to have divect access to systemic
circulation.  This also offers mcreased convenmence and therefore increased compliance in
pattents.  For certam drugs, or pharmacewtically active components, a permeation enhancer can
help to overcome the nwcosal bamer gnd mnprove pernmeability,  Permeation eshancers
reversibly modulate the penetrability of the barnier laver in favor of drug absorption. Permeation
gnhancers facilitate transport of meolecules through the epithelium. Absorption profiles and their
ates can be controlled and moduolated by a varety of parameters, such as but not hmited to film
size, drag loading, enhancer typefloading, polymer mattix release rate and mucosal residence
tume.

A pharmaceutical composihion can be designed to deliver a pharmaceutically active
component m a dehiberate and tatlored way. However, solubility and permeability of the
pharmaceutically active component in vivo, m particular, in the mouth of a subject, can vary
tremendously. A particular class of penmeation enhancer can improve the uptake and
bioavailability of the pharmaceutically active component in vivo. In particidar, when delivered
to the mouth via a film, the permeation enhancer can mmprove the permeability of the
pharmaceutically active component through the mucosa and mio the blood stream of the subject.
The permeation enhancer can improve absorption rate and amount of the pharmacentically active
component by more than 3¢, move than 10%, wore than 20%, more than 30%, more than 40%,
miove than 50%, more than 60%, more than 70%, more than 80%, more than 90%., more thao
100%, more than 150%, about 200% or more, or less than 200%, less than 150%, less than
F00%, less than 90%, less than 80%, less than 70%, less than 609, less than 5096, less than 40%,

less than 30%, less than 20%, less than {0%, or less than 3%, or a combination of these ranges,

depending on the other components 1n the composition.
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In certain embodiments, a pharmacentical composition has a switable nontoxie, nomonic
alkyt glveoside having a hvdrophobic atkyl group joined by a linkage to 8 hedrophibic saccharide

i combination with a mucosal delivery-enhancing agent selected from: (a} an aggregation
inhibitory agent: (b} a charge-modifying agent; {¢) a pH contro agent; (d) a degradative enzyme
mhibitory agent; {e} a mucolytic or mucus clearng agent; () a ciliostatic agent;, {g) & membrane

penetration-enhancing agent selected from: (i) a surtactant; (11) a bile salt; (1) a phospholipid

compound, {vt) a long cham amphipathic molecule: (vit} a small hydrophobic penctration
enhancer; {viii) sodiom or a salicvhe acid derivative; (x) a glycerol ester of acetoacetic acid; {x)
a cyclodextnn or beta-cvclodextrin dertvative: {1} a mednon-chain fatty acid: {xi1) 8 chelating
agent; {xit) an gnune aad or sall thereof, (xiv) an Neacetvlamino acid or salt thereof, {(xv) an
enzyme degradative 1o a selected membrane component; (ix}) an inhibitor of falty acid synthesis;
{x) an inhibitor of cholesterol synthesis; and {x1) any combination of the membrane penetration
enhancmg agents rectted in {(1)-{x}; (h) a modalatory agent of epithelial junciion physiology; (1) a
vasodilator agent; (§) 8 selective transport-enhancing agent; and {k) a stabilizing debivery vehicle,
carnier, mucoadhesive, sapport or complex-forming species with which the compound i
effectively combmed, associated, contamned, encapsulated or bound resulting w stabilization of
the compound for enhanced transmucosal delivery, wherein the formulation of the compound
with the transmucosal deliverv-enhancing agents provides for increased bioavailability of the
compound in  blood plasma of a subject. Penetration enhancers have been described m 1
Nicolazzo, et al., J of Controlled Disease, 105 {2005} 1-15, which 1z incorporated by reference
herem.

There are many reasons why the oral mucosa might be an attractive sue for the delivery
of therapeutic agents into the systemic circulation. Due to the direct drainage of blood from the
buccal eptheliom nto the internal jugular vern fest-pass metabolism tn the bver and intestine
may be avoided. Firsi-pass effect can be a major reason for the poor bicavalability of some
compounds when admmistered orally. Addittonally, the mucosa hning the oral cavity 15 easily
accessible, which ensures that a dosage form can be apphed to the required sie and can be
removed gasily n the case of an emergency. However, like the skin, the buccal mucosa acts as a

barrier to the absorption of xencbiotics, which can hinder the permeation of compounds across
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this tssue. Consequently, the wentibeation of safe and effective penetration enhancers has
become & major goal 1w the quest o mmprove oral mucosal drug delivery,

Chemical penetration enhancers are substances that control the permestion rate of a
coadministered drug through a biological membrane. While extensive research has focused on
obtammg an nnproved understandmyg of how penetration enhancers ymght alter mtestmal and
transdermal permeability, far less s known about the mechanisms mvolved in buccal and
sublingnal penetration enhancement.

The buccal mucosa delineates the inside lining of the cheek as well as the area between
the gums and upper and lower lips and it has an average surface area of 100 em”.  The surface of
the hiccal mucosa consists of a stratified squamous epsthelnim which 18 separated  from the
underlying connective tissue (lamina propria and submucosa) by an wndulating basement
membrane {a contimuons faver of extracelivlar material approxmately 1-2 g in thickness). This
stratified squamouns epithelium consists of differentiating lavers of cells which change m size,
shape. and content as they travel from the basal region to the superficial region, where the cells
are shed. There are approximately 40-30 cell layvers, resulting in a buccal nmucosa which is 300
6500 um thck.

Structurally the sublimgoal mucosa 1s comparable to the buccal mucosa bat the thickness
of this epitheliuom 1s 100-200 pm. This membrane 13 also non-keratimised and bemg relatively
thinner has been demonstrated to be more permeable than buccal mucosa. Blood flow 1o the
sublingual mucosal i slower compared with the buccal mucosa and is of the order of 1.0 mlf
nn-Lene-2,

The permeability of the buccal mucosa 15 greater than that of the skin, but less than that
of the mtestine. The differences m permeability are the result of structural differences between
each of the tissues. The absence of orgamzed lipid lamellae in the mtercellular spaces of the
buccal mucoss results 1w greater permeability of exogenous compounds, compared 1o Reratinized
epithehia of the skin; while the moreased thickness and fack of tght junctions results m the
buccal mucosa being less permeable than mtestinal tissue.

The primary bamrier properties of the buccal mucosa have been attnibuted to the apper
one-third to one-guarter of the buccal epithelium. Researchers have learned that bevond the

surface epithelum, the permeability barnier of nonkeratinized oral mucosa could also be
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attributed  to contents exiraded from the membrane-coating granules into the epithelial
mterceliular spaces.

The mtercellular ipads of the nonkeratinized regions of the oral cavity are of a more polar
nature than the hpids of the epidernus, palate, and gingiva, and this difference i the chemical
nature of the hipids may contribute to the differences i permeability observed between these
tissues.  Consequently, 1t appears that 1t is not only the greater degree of mercellular lipad
packing in the stratum cornewm of kerstimized epithelia that creates a more effective barner, but
also the chenucal nature of the lipids present within that barrier,

The existence of hydrophibic and lipophilic regions m the oral mucosa has led researchers
to postudate the existence of two routes of drag transport throagh the buceal nicosa paracelhular
{between the cells) and wanscellular (across the cells).

Smce drug delivery through the buccal mucosa s hnuted by the bamier nature of the
epithelium and the area available for absorption, varous enhancement strategies are vequired in
order to deliver therapeutically relevant amounts of drug to the systemice circulation. Various
methods, mchiding the ase of chemical penetration enhancers, prodrugs, and physical methods
may be employed to overcome the barvier properties of the buccal mugosa.

A chemucal penetration enhancer, or absorption prowmoter, 18 a substance added o a
pharmaceutical formulation m order to morease the membrane permeation or absorption rate of
the coadministered drug, without damaging the membrane andior caunsing toxiciy. There have
been many studies investigating the effect of chemical penetration enhancers on the dabivery of
compounds across the sk, nasal mucosa, and intestime. In recent vears, more attention has been
given to the effect of these agents on the permeability of the buccal mucosa. Since permeabiiny
across the buccal mucoss s considered to be a passive diffusion process the steady state flux
{Iss) should increase with increasing donor chamber concentration {CD) according to Fick’s fust
law of diftusion.

Surfactants and bide salts have been shown to enhance the permeability of vanons
compounds across the buccal mucoss, both i vitre and in vivo. The data obtained from these
studies strongly suggest that the enhancement m permeability is due to an effect of the

surfactants on the mucosal intercelinlar lipids,

10
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Faity acids have been shown to enhance the permeation of a number of drags through the
skin, and this has been shown by differential scanning calovimetry and Fourter transform mnfrared
spectroscopy to be related to an icrease i the flurdity of intercellular hipids.

Additionally, pretreatment with ethanol has been showsn to enhance the permeability of
tritiated water and albumn across ventral tongue mucosa, and to enhance caffeme permeabihity
across porcing buccal mucosa. Theve are also several reports of the enhancing effect of Azone®
on the permeability of compounds through oral mucosa. Further, chitosan, a biocompatible and
biodegradable polymer, bas been shown to enhance drug debivery through various ussues,
meluding the intestine and nasal mucosa.

{Oral transmucosal drug delivery (OTDD) 1s the admumistration of pharmacentically active
agents through the oral mucosa 1o achieve systemic effects, Penmeation pathways and predictive
models for OTDMD) are deseribed, eg. m M. Satfar, Oral fransmuacosal drug delivery — Current
status and future prospects, Ml Jowrnal of Pharmaceurics, 47(2014) 498-506, which s
meorporated by reference heremn.  OTDD continues to attract the attention of academic and
mdustrial scientists.  Despite himited characterization of the penmeation pathways i the oral
cavity compared with skin and nasal rowtes of delivery, recent advances in our understanding of
the extent to which sonized molecules permieate the buccal eprtheliam as well as the emergence
of new analytical techmques to study the oral cavity, and the progressmg development of m
sthico models predictive of buccal and sublingual permeation, prospects are encouraging.

In order to deliver broader classes of drugs across the buccal mucosa, reversible methods
of reducing the bamier potential of this tissue should be employed. This requisite has fostered the
study of penetration enhancers that will safely alter the permeability restrictions of the buccal
muocosa. It has been shown that buceal penetration can be mmproved by using vanous classes of
transimucosal and transdermal pepetration enhancers such as bile salts, swriactants, fatty acids
and thetr dertvatives, chelators, evclodextring and chitosan, Among these chemicals used for the
drog permieation enhancement, bile salts are the most common.

In vitro studies on enhancing effect of bile salts on the buccal permeation of compounds
15 discussed in Sevda Senel, Drug permeation enhancement via baccal route: possibilittes and
Limitations, Jowrnal of Controlled Release 72 (3001} 133144, which is incorporated by
reference heremn.  That article also discusses recent studies on the effects of buccal epithelial

¢

permeabiity of dihvdroxy bile salts, sodmm  glveodeoxycholate (SGDC) and sodmum

11
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taurodeoxycholate (TDCY and tni-bydroxy bile salts, sodmm glveocholate(GCY and sodiam
tanrocholate (TC) at 100 mM concentration mcluding permeabibity changes correlated with the
histological effects. Fluorescemn wsothioeyanate (FITC), morphine sulfate were each used as the
model compound.

Chitosan has also been shown to promote absorption of small polar molecules and
peptide ¢ protein drugs through nasal mucosa in animal models and buman volunteers. Other
studies have shown an enhancing effect on penetration of compoands across the intestinal
mucosa and coltured Caco-2 cells.

The permeation enhancer can be a phytoextract. A phytoexiract can be an essential o or
composition mcluding essential ofls extracted by disisllation of the plant matenal.  In certam
circumstances, the phytoextract can mclude synthetic analognes of the componnds extracied
from the plant material (e, compounds made by organic svnthesis). The phytoextiract can
include a phenylpropancid, for example, phenvl alanine, eugenol, engenol acetate, a cinnamic
acid, a crmnanie acid ester, a cimnamic aldehyde, a hvdrocimnanue acid, chavicol, or safrole, or a
combmation thereof.  The phytoextract can be an essential oil extract of a clove plant, for
example, from the leaf, stem or flower bud of a clove plant. The clove plant can be Sioywinm
aromaticem. The phyioestract can mclude 20-95% eupenol, mcludmg 40-95% eagenol,

s eugenol. The extract can also include 5%

mchudmg 60-93% eugenol. and for example, 80-98¢
to 5% eugenol acetate. The exiract can also inclede caryophyllene. The extract can also mclade
up to 2.1% o-humulen. Other volatile compounds included in lower concentrations n clove
essential ol can be PB-pmene, lmonene, farnesol, benzaldehvde, Z-heptanone and ethvl
hexanoate. Other permeation enhancers may be added to the composition to improve absorption
of the drog. Seitable permeation enhancers mchude natwral or synthetic bile salts such as sodiam
fusidate; glvecocholate or deoxyeholate and their sals: fatty acids and derrvatives such as sodium
laurate, oleic acid, olevl alcohol, moncoleamn, and palmutovicamiting; chelators such as disodnan
EDTA, sodium  citvate and  sodmm  lawrvisalfate, azone, sodium  cholate, sodiam  5-
methoxysaliovlate,  sorbitan  laweate,  glycervl  monolaurate,  octoxynonyl-8,  laureth-9,
polvsorbates, sterels, or glycerides, such as caprylocaproyl polvoxylelveendes, e.g., Labrasol

The permeation enhancer can mclude phytoexiract derivatives andor monolignols.  The

permeation enhancer can also be a fungal extract.
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Some natwral products of plant origin bave been known to have a vasodilatory effect. For
review, see McNeill LR, and Jurgens, T.M., Can. J. Physiol. Pharmacol. 84:803-821 (2006),
which is incorporated by reference herein. Specifically, vasorelaxant effects of eugenol have
been reported in & number of animal studies. See, e.g, Lahlou, S., et al, 1 Cardiovasc.
Pharmacol, 43:250-57 (2004}, Damiani, CEN. et al., Vascular Pharmacol. 40:59-66 (2003),
Nishijima, H., et al., Japanese I Phammacol. 79:327-334 (1998), and Hume W.R., }. Dent Res.
H2{9¥ 101315 {1983}, each of which s incorporated by reference herein. Calciom channel
blockade was suggested to be responsible for vascular relaxation induced by a plant essential o1,
or its maih constituent, sugenol. See. Interamymense L.RL. et al, Fundamental & Clin
Pharmacol. 21 497506 (2007}, which 1a incorporated by reference herem.

Fatty acids can be used as mactive wngredients i drug preparations or drag vehicles. Fatty acuds
can also be wvsed as formulation mgredients due to then certain functional effects and then
biocompatible nature. Fatty acid, both free and as part of complex lipids, are maior metabolic
fuel (storage and transport energy), essential components of all membranes and gene regulators.
For review, see Rustan AC. and Drevon, L A., Fatty Acds: Structures and Properties,
Encyclopedia of Life Sciences (2003), which is incorporated by reference herem. There ave two
farmibies of essential fatty acids that are metsbolized m the hwman bodv: @3 and w6
polyunsaturated fatty acids (PUFAs). I the first double boud 1s found between the third and the
fourth carbon atom from the o carbon, they are called w-3 fatty acids. If the first double bond 18
batween the sixth and seventh carbon atom, they are called -6 fatty acids. PUFAs are further
metabolized m the body by the additton of carbon atoms and by desaturation {extraction of
hvdrogen), Linoleie acid, which is & o6 fatty acid, 15 metabolized to y-hnolemic acd, dihomao-y-
linolinic acid, arachidonic acid, adrentc acid, tetracosatetraenoic acid, tetracosapentaenoiv acid
and docosapentacnoir acid. e-linolemic acid, which 15 a o3 fatty acd 15 metabolized to
octadecateiraenoic acid, eicosatetraenoic acud, eicosapentaenosc acid (EPA}, docosapentaenoic
acid, tetracosapentaenoic acid, tetracosahexaenoic acid and docosahexaenoie acid (DHA)

it has been reported that fatty acids, such as palmitic acid, eleic acid, Hnoleic acid and
ewcosapentaencic acid, induced reluxation and hyperpolarization of porcine corovary artery
smooth muscle cells via a mechanism involving activation of the Na K'-APTase pump and the
fatty acids with mcreasing degrees of cis-unsaturation had higher potencies. See, Pomposiello,

S1 et al, Hypertension 31:615-20 (1998), which 15 imcorporated by reference herem.
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interestingly, the palmonary vascalar response to arachidonic acid, a metabolie of hinolese acid,
can be either vasoconstiietive or vasodilative, depending on the dose, animal species, the mode
of arachidomc acid admumstration, and the tones of the pulmonary circulation. For example,
arachidonic acid has been reported to cause ovelooxvgenase-dependent and —independent
pudmonary vasodilation. See, Feddersen, C.O. et al, I Appl Physiol. 68{5):179%-808 (1990},
and seg, Spanphake, EW., et al, J Appl. Physiol. 44:397-495 (1978) and Wicks, T.C. et al.,
Cire. Res. 38:167-71 (1976), each of which is mcorporated by reference herein.

Many studizs have reported effects of EPA and DHA on vascular reactivity afier being
adminstered as mgestible forms. Some studies found that EPA-DHA or EPA alone suppressed
the vasoconstrictive effect of norepimephnne or mereased vasodilatory responses to acetylcholine
1 the forearm microcirculation. See, Clan, JP.F, et al, Hypertension 21228 {1993}, and
Tagawa, H. et al., J Cardiovasce Pharmacol 33:633-40 (1999), each of which 15 mcorporated by
reference herein. Another studv found that both EPA and DHA moreased svstenue anenal
compliance and tended to reduce pulse pressure and total vascaolar reststance. See, Nestel, P et
al., Am 1. Chn. Natr. 76:326-30 (2002), which 15 incorporated by reference herein. Meanwhile, a
study foand that DHA, but not EPA, enhanced vasodilator mechamsms and attenuates constrictor
responses m foreanm mucrocienlation m hyperlipideniic overseight men. See, Mo, T.AL, et al,,
Cirealanon 102:1264-69 (2000), which 1s mcorporated by reference herem. Another study found
vasodilator effects of DHA on the rhythmic contractions of solated lnsman coronary arteries in
vitre, See Wa, Ko-T. ef al., Chinese I Physiol. 30{(4):164-70 (2007), which 15 incorporated by
reference herem,

The adrenergic receptors (o1 adrenoceptors) are a class of G protem-coupled receplors
that are a target of catecholamines, especially norepmephrme (noradrenaline) and epinephrine
{adrenaline}. Epinephrine {(adrenaline) interacts with both - and P-adrenoceptors, causing
vasoconstriction and vasodilation, respectively. Although o receptors arve less seasitive to
epmephrine. when activated, they override the vasodilation mediated by fradrenoceptors becaose
there are more peripheral al receptors than B-adrenoceptors. The result is that high levels of
circulating epinephrine cause vasoconstriction. At lower levels of circulating epinephrine, -
adrenoceptor stimulation dominates, producing vasodilation followed by decrease of peripheral
vascular resistance. The ul-adrenoreceptor 1s known for smooth muscle contraction, mydriasis,

vasoconstriction in the skin, mucosa and abdomunal vicera and sphincier contraction of the
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gastrowntestinal {GI oract and arnary bladder. The al-adrenergic receptors are member of the Gy
profein-coupled receptor superfamily. Upon activation, a heterotnmeric G protein, G, activates
phospholipase C (PLC). The mechanmism of action involves interaction with calctum channels
and changing the calchum content in a cell. For review, see Smith R. S, et al, Journal of
Newrophysiology 102(2): 1103-14 {2009), which 15 meorporated by reference herem. Many cells
possess these receptors.

al-adrenergic receptors can be a main receptor for fatty acids. For example, saw
palmetto extract {SPE), widely used for the treatment of benign prostatic hyperplasia {BPH), has
been reported to bind el-adrenergic, muscarmic and 1 d-dihvdropynidine (1 4-DHP) calcium
channel antagomst receptors. See, Abe M., et al, Biol. Pharm. Ball 32(4} 646-650 {2009), and
Suzaki M. et al., Acta Pharmacologica Sinica 30:271-81 (2009), each of which is incorporated
by reference herem. SPE mceludes a vanety of faity acuds mncladmng laure acd, olewe acd,
myristic acid, palmitic acid and bnoletc acid. Lauric acid and oleic acid can bind
noncompetitively to al-adrenergic, muscannmic and 14-DHP calciom  channel antagonist
yeceptors.

in certain smbodunents, a permeation enhancer can be an adrenergic receptor
niteracter. An adrenergic receptor migracter refers to a compound or substance that modifes
andfor otherwise alters the action of an adrenergic receptor. For example, an advenergic receptor
mteracter can prevent stimnlation of the receptor by increasing, or decreasing their ability to
bind. Such mnteracters can be provided in either short-acting or long-acting forms. Certain short-
acting nteracters can work quickly, but thew effects last only a few hows, Certam long-acting
tteracters can take longer to work, but thetr effects can last longer. The interacter can be
sefected andfor designed based on, c.g., on one or more of the desired delivery and dose, sctive
phanmaceutical ingredient, permeation modifier, permeation enhancer, matrix, and the condition

bemng tregted.  An adrenergic receptor interacter can be an adrenergic receptor blocker. The

the essential oids of plamts, derived from units of isoprenes) or a C3-C22 alcohol or acd,
preferably a C7-C18 alcohol or acid. In certain embodiments, the advenergic receptor interacter
can include farnesol, linoleic aaid, arachidonic acid, docosahexanoic acid, eicosapentanoic acid,

andfor docosapentanoic acid. The acid can be a carboxylic acid, phosphoric acid, sulfaric acid,
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hydroxamic acid, or derpvatives thereof. The derivative can be an ester or amude.  For example,
the adrenergic receptor interacier can be 4 falty geid or fatty alcobol,

The C3-C22 alcohol or acid can be an asleohol or acud having a straight €3-C22
hydrocarbon cham, for example a C3-C22 hydrocarbon chain optionally contaming at least one
double bond, at least one tniple bond, or at least one double bond and one trple bond; said
byvdrocarbon chain being optionally substituted with Cy. alkvl, Coy alkenyl, Cau albkynvl, Cig
atkoxy, hydroxyl, halo, amuno, mitro, cvano, Cis oycloalkyl, 3-5 membered heterocycloatkyd,
monocychic aryl, 5-6 membered heteroarvl, Cyy alkyicarbonyloxy, Cis alkyloxyearbonyl, Cig
alkvlcarbonyl, or formyl: and further being optionally interrapted by -O-, -N(R")-, -N{R-C(O}-
O, ~O-CLIORN(RY, -NRO-CIOMNR-, or -0-C{N-0-. Each of R* and R®, independently, is
hvdrogen, alkyl, alkenyl, alkyvoyi, atkoxy, hvdroxylalkyl, hvdroxyl, or haloalkeyl.

Fatty acids with a higher degree of unsaturation are effective candidates to enhance the
permeation of drugs, Unsaturated fatty acids showed higher enhancement than saturated fatty
acyds, and the enhancement increased wath the number of double bonds. See, A, Mittal, ef al.
Status of Fatty Acids as Skin Penetration Enhancers ~ A Review, Curreny Drug Delivery, 2009,
6, pp. 274-379, which 13 ncorporated by reference hervewn. Position of double bond also affects
the enhancing activity of fatty acids. Differences in the physicochenuical properties of fatty acid
which orniginate from differences in the dooble bond position most likely determine the effiency
of these compounds as skin penetration enhancers. Skin distribution increases as the position of
the double bond is shifted towards the hydrophilic end. It has also been reported that fattv acid
which has a double bond at an even number position more rapidly effects the pertwwbation of the
sivucture of both the stratum cornewm and the dermis than a fatty acid which has double bond at
an odd number posibon. Cis-unsaturation m the chain can tend to mcrease activity.

An adrenergic receptor interacter can be a terpene. Hypotensive activity of terpenes in
essential oils has been reported. See, Menezes LA et al, Z. Natwwforsch, 65¢:632-66 (2010},
which s meorporated by reference berem. In certain embodiments, the permeation enhancer can
be a sesquiterpene. Sesquiterpenes are a class of terpenes that consist of three isoprene units and
have the empirical formuda CisHhe. Like monoterpenes, sesquiterpenes may be acyelic or contam
rings, ncluding many unique combinations. Biochemical modifications such as oxidation or

rearrangement produce the related sesquiterpenoids,
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An adrenergic receptor mieracter can be an unsaturated fatty aaid such as  lmolewc
acid, In certain embodiments, the permeation enhancer can be farnesol. Farnesol is a 18-carbon
organic compound which 15 an acyclic sesquiterpene alcohol, which 13 a natual
dephosphorylated form of farnesyl pyrophosphate, Under standard conditions, it is a colorless
hquad. It 15 hydrophobic, and thus msoluble m water, but muscible with oils. Farnesol can be
extracted from oils of plants such as citronells, nervoli, cyclamen, and wberose. It s an
mtermediate step in the biclogical synthesis of cholestere! from mevalowie acid i vertebrates. It
has a delicate floral or weak citrus-lime odor and s used in perfumes and flavors. It has been
reported that farnesol selectively kills acute myeloid lenkenna blasts and leukemic cell lines m
preference to primary hemopoietic cells. See, Rioga A et al | FEBS Lett 467 (2.3} 291-3 (2000),
which 1s incorporated by reference herein, Vasoactive properties of famesyl analogues have been
reported. See, Roullet, J-B. et al,, J. Clin. Invest,, 1996, 97:2384-2390, which 1s incorporated by
veference herein. Both Famesol and N-acetyl-S-trans, trans-tarpesvi-L-cvsteine (AF(C), a
synthetic mamce of the carboxyl termunus of farnesylated protems mhibiied vasoconstriction m
rat aortic rings.

The pharmaceutical composiion can be g chewable or gelatin based dosage form,
spray, gum, gel, cream, tablet, hguid or film. The composition can mclude textures, for example,
at the swrface, such as nucroneedles or mcro-protrusions. Recently, the use of micron-scale
needles in ncreasing skin permeability has been shown to significantly increase transdermal
dalivery, including and especially for macromolecules.  Most drug delivery studies have
emphasized solid microneedles, which have been shown to increase skin permeability to a4 broad
range of molecules and nanoparticles i vitro. In vive studies have demonstrated delivery of
oligonucleotdes, reduction of blood glucose level by msulm, and induction of immune responses
from protem and DNA vaccines. For such studies, needle arravs have been used to pierce holes
mto skin to werease wransport by diffusion or tontophoresis or s drug carrters that release drug
nito the skm from 8 microneedle surface coating. Hollow microneedlies have also been developed
and shown to micromject msulin 1o diabetic rats. To address practical applications of
microneadles, the ratio of nucroneedle fractore force to skin insertion force (ie. margin of
safety) was found to be optimal for needles with small tip radivs and large wall thickness.
Microneedles inserted mio the skin of human subjects were reported as painless. Together, these

vesults suggest that nucroneedies represent a promising technology fo deliver therapeutic

fodeg
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compotnds mio the skin for a range of possible applications. Using the tools of the
nucroelectronics industry, microneedies have been fabricated with a range of sizes, shapes and
materials. Microneedles can be, for example, pelvimeric, nucroscopic needles that deliver
encapsulated drugs m a minimally mvasive manner, but other suitable materials can be used.

Applicants have found that microneedles could be used to enhance the debvery of
drugs through the oral mucosa, particularly with the clavned compositions. The micronsedles
create micron sized pores m the oral mucosa which can enhance the delivery of drogs across the
mucosa. Sohd, hollow or dissolving microneedles can be fabricated out of surable matenals
meluding, but not imuted to, metal, polvmer, glass and ceramics. The mucrofabrication process
can mnclude photolithography, silicon eichmg, laser cutting, metal electroplatme, metal electro
pohishing and molding, Microneedles could be sold which s used 1o pretreat the tisspe and ave
removed before applying the film. The drug loaded polymer hilm descenbed m thas application
can be used as the matix material of the micronsedles iselfl These films can have microneedles
or micro protrusions fabricated on their surface which will dissolve afier formmg microchannels
1 the mucosa through which drugs can permeate.

The term "film” can include filins and sheets, 0 any shape, including rectangular, square,
or other deswred shape. A film can be any desired thickness and size. In preferred embodiments,
a film can have a thickness and swze such that i can be admimstered to a user, for example,
placed into the oral cavity of the user. A film can have a relatively thin thickness of from about
0.0025mm to about 0.2530mm, or a ilm can have a somewhat thicker thickness of from abowt
0250 to aboutl Geam. For some films, the thickness mav be even larger, 1e., greater than
about 1.0mm or thinner, Le., less than about 0.0025mm. A film can be a single layer or 2 film
can be multi-layered, including lommated or multiple cast films. A permeation enhancer and
phanmaceutically active component can be combined i a single layer, each contained m separate
layers, or can each be otherwise contaned m discrete regions of the same dosgge form, In
certam embodiments, the pharmaceuntically active component contained in the polvmeric matrix
can be dispersed m the matrix.  In certain embodiments, the penmeation enhancer being
contained i the polymeric matrix can be dispersed in the matrix.

Oral dissolving films can fall into three main classes: fast dissobving, moderate dissolving
and slow dissolving. Oral dissolving films can also inclode a combmation of any of the above

categories. Fast dissolving films can dissolve 1 about 1 second to about 30 seconds i the
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mouth, wcloding more than | second, more than 3 seconds, move than 10 seconds, more than 20
seconds, and less than 30 seconds. Moderate dissolving films can dissolve in abowt 1 1o about 30
minutes 1 the mouth including more than | minute, more than 5 minutes, more than 10 minutes,
more than 20 minutes or less than 30 minutes, and slow dissolving films can dissolve in more
than 30 minates in the month. As a general trend, fast dissobving hilms can melude {or consist
ofy low molecular weight hydrophilic polymers {e.g., polviners having a molecular weiglt
between abont 1,000 to 9,000 daltons, or polvmers having a molecular weight up to 200,000
daltons). In contrast, slow dissolving films generally include bigh molecular weight polvmers
{e.g.. having a molecular weight m millions). Moderate dissolving Blms can tend to fall
between the fast and slow dissobving films.

It can be preferable to use films that are moderate dissolving filins. Modevate dissolving
films can dissolve rather quickly, but also have a good level of mucoadbesion. Moderate
dissolving films can also be flexible, quickly wettable, and are tvpically non-trritating to the user.
Such moderate dissolving films can provide a quick enough dissolution rate, most desirably
between about 1 minute and about 20 minutes, while providing an acceptable mucoadhesion
level such that the film 13 not easilv removable onwe it is placed in the oral cavity of the user.
This can ensare delivery of a pharmaceatically active component {0 a user.

A pharmaceutical composttion can include one or more pharmacentically active
components. The pharoaceuntically active component can be a single pharmaceutical component
or a combination of pharmaceutical components. The pharmacentically active component can be
an anti-inflammatory analgesic agent, a sterondal anti-inHanumatory agent, an antihistamine, a
local anesthetic, a bactericide, a dismfectant, a vasoconstiictor, a hemostatic, & chemotherapeutic
drug, an antibtotic, a kerstolytic, 8 cauternang agent, an antiviral drog, an antirheamatc, an
antthypertensive, a bronchodilator, an anticholinergic, an anti-anxiety drug, an antiemetic
comapound, a hormone, a peptide, a protemn or a vaccine. The pharmaceutically active component
can be the compound, pharmaceutically acceptable <alt of a drug, a prodog, a denvative, a drug
complex or analog of a drug. The term “prodrug™ refers 1w a biologically tnactive compound that
can be metabolized in the body to produce a biologically active drug.

in some embodiments, more than one pharmaceutically active component may be
meladed m the film. The pharmaceutically active components can be ace~-mhibitors, anti-angimal

drugs, anti-arrhythmias, anti-asthmatics, anti-cholesterolemics, analgesics, anesthetics, anti-
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convulsants, anti-depressants, anti-diabetic agents, anti~diwrhea preparations, antidotes, ant-
histamines, anti-hypentensive drogs, anti-inflammatory agents, anti-lipid agemts, ant-manics,
ant-nauseants, anti-stroke agents, anti-thyroid preparations, amphetamines, anti-ttunor drugs,
anti-viral agents, acne drugs, alkaloids, amino acid preparations, anti-tussives, anti-uricemic
drugs, anti-viral drugs, anabolic preparations, systenuc and non-systemic anti-infective agents,
anti-neoplastics, anti-parkinsonian agents, anti-theurnatic agents, appetite stimudants, blood
modifiers, bone metabolism regulators, cardiovascular agents, central nervouns system stimulates,
cholinesterase indubitors, contraceptives, decongestants, dietary supplements, dopamine receptor
agonists, endometriosts management agents, enzymes, erectile dysfunction theraptes, fertilny
agents, gastromiestimal  agents, homeopathic  remedies, hormones,  hypercalcenua  and
hypocalcemia  management  agents, unmunomodulators, immuonosuppressives,  migraine
preparations, motion sickness  treatments, mascle relaxants, obesity management agents,
osteoporosis preparations,  oxviocics, parasympatholvtics,  parasympathomimetics,
prostaglanding, psychotherapeutic agents, respiratory agents, sedatives, smoking cessation aids,
sympatholyvtics, tremor preparations, urinary tract agents, vasodilators, laxatives, antacids, on
exchange resing, ani-pyretics, appetite suppressants, expectorants, anti-gaxiety agents, anti-nlcer
agents, anti-inflanumatory  sabstances, coronary  dilators, cerebral  dilators,  peripheral
vasodilators, psvcho-tropics, stimulants, anti-hypertensive drugs, vasoconstnictors, migraine
treatments, antibiotics, tranquilizers, anti-psychotics, anti-tumor drogs, anti-coagelants, anti~
thrombotic drugs, hypnotics, anti-gmetics, anti-nanseants, anti-convalsants, neuromuscular
drugs, hyper- and hypo-glycemic agents, thyroid and anti-thyrowd preparations, diwretics, anti-
spasmadics, utering relaxants, anti-obesity drugs, ervilwopotetic drugs, anti-asthmatics, cough
suppressants, macolvtics, DNA and genetic modifying drags, diagnostic agents, imaging agents,
dves, or tracers, and combinations thereof.

For example, the phanmaceutically active component can be buprenorphing, naloxone,
acetaminophen, riuzole, clobazam, Rizatriptan, propofol. wethyl saheylate, monopdveol
salicviate, aspinin, mefenamic acid, flufenanue sad, mdomethacin, diclofenac, alclofenac,
diclofenac  sodnmm, ibuprofen, ketoprofen, naproxen, pravoprofen, fenoprofen, sulindac,
fenclofenac, clidanae, flurbiprofen, fentiazac, bufexamac, piroxicam, phenyibutazone,
osyphenbuwgazone, clofezone, pentazocine, mepirizole, tiaranmude hydrochloride, hydrocoriisone,

predonisolone, dexamethasone, tnamaemolone acetonide, fluocinelone acetonide, hyvdrocortisone
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acetate, predonisolone acetate, mwethylpredomisolone, dexamethasone acetate, betamethasone,
betamethasone  valerate,  flumetasone, Huorometholone,  beclomethasone  diproprionate,
fluocinonide, dipbephydranime hydrochlonde, diphenhydramine salicylate. diphenbvdranine,
chiorpheniramine  hydrochloride,  chlorphenivamine  maleate  isothipendyl  hydiochloride,
tripelennamime  hydrochlonide,  promethanine  hydrochloride,  methdidazme  hydrochlonde
dibucaine  hydrochloride, dibucaine, lidecaing hydrochlonde, lidocaine, benzocaine, p-
buthvlaminobenzoic acid 2-{die-ethylamino} ethyl ester hydrochlonde, procame hydrochlonde,
tetracame, tetracaine bhyvdrochlonide, chloroprocaine hydrochloride, oxyprocaing hydrochloride,
mepivacame, cocame  hvdrochlonde, piperocaine  hvdrochlonide,  dvelommne,  dyvclonine
hydrochlonide, thumerosal, phenol, themol, benzalkomum chlorde, benzethoniiun chionde,
chlorhexidine, powvidone iodide, cetylpyridinnon  chlovide, engenol,  trimethylanmmuonnam
bromide, naphazohne nitrate, tetrabyvdrozoline hydrochloride, oxvmetaroline hydrochlonde,
phenviephrine hvdrochlonide, tramazoling hvdrochlonide, thrombin, phvtonadione, protamine
sulfate, aminocaproic acid, tranexanie acid, carbazochrome, carbaxochrome sodnam sulfanate,
rutin, hesperidin, sultamine, sulfathiazole, sulfadiazine, homosulfamine, sulfisoxazole,
sulfisomidine,  sulfamethizole, niivofurazone, pencillin,  weticillm,  oxacillim,  cefaotin,
cefalordm,  ervthromceyon,  hocomyem,  fetracycline,  chlortetracvelne,  oxvistracychine,
metacyclme, chloramphenicol, kapamyem, streptomyctn, gentamicnm, bactiracin, cycloserme,
sahicylic acid, podophyllum resin, podolifox, canthandin, chloroacetic acids, sitver nitrate,
protease inhibitors, thyvmadine kinase inhibitors, sugar or glycoprotein svnthesis inhibitors,
structural protein synthesis mbubitors, attachmient and adsorption inhibitors, and nucleoside
analogues sach as acyclovir, penciclovir, valacyclovir, and ganciclovir, heparn, wsulin, LHRH,
TRH, mterferons, oligonuchdes, calenonm, octreotide, omeprazone, fluosetine, ethinylesiradiol,
amiodipine, paroxetine, enalaprd, lisinopnil, leuprolide, prevastatin, lovastatin, norethindrone,
risperidone, olanzapme, albuterol, hydrochlorothigande, psendoephnduine, warlurn, terazosin,
cisapride, pratropram, busprione, methyiphenidate, levothvroxme, zolpidem. {evonorgestred,
ghybunide, benazepnl, medroxyprogesterone, clonazepam, ondansetron, losartan, quinapril,
miroglycerin, midazolam versed, cetirizine, doxazosm, ghipizide, vaccine hepatitis B, salmeterol,
sumatriptan, triamcinolone acetonide, goserelin, beclomethasons, gramsteron, desogestrel,
alprazolam, estradiol, nicotine, mterferon beta 1A, cromolyn, fosinopnl, digoxin, fluticasone,

bisoprolol, calcitnd, captorpril, butorphanol, clomdine, premarin, festosterone, sumatriptan,
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clotrimarole, bisacodyl, dextromethorphan, nitroglyveenine, nafarelin, dinoprostone, micotine,
bisacodyl, goserelin, and gramsetron. In certain embodiments, the pharmaceutically active

component can be epinephlrine, a benzodiazepine such as diazepam or lorazepans or alprazolam.

Epinephrine Examples
In one example, a composition including epinephrineg or it salts or esters cap have a
biodelivery profile similar to that of epinephrine administered by mnjection, for example, using an
EpiPen. Epmnephrine can be present in an amount of from about .01 mg to about 100 mg per
dosage, for example, at a 0.1 mg, 5 mg. 10 mg, 20 mg, 30 mg, 40 mg. S0 mg, 60 mg, 70 mg, 80
myg, 90 mp or 100 myp dosage, including preater than 0.1 myg, more than 3 me, more than 20 mg,
more than 30 mg, more than 40 mg, more than 30 mg, more than 60 myg, more than 70 mg, wore
than 80 mg, more than 90 mg, or less than 100 me, less than 90 mg, less than 80 me, less than 70
g, less than 60 mg, less than S0 mg, less than 40 mg, less than 30 mg, less than 20 my, less than
10 myg, or less than 5 mg, or anv combination thereof.  In another example, a composition
mchiding diazepam can have a biodelivery profile sumilar to that of a diazepam tablet or gel, or
better. Drgzepam or #is salts can be present 1 an amowyt of from abowt 9.5 my 10 abowt 100 mg
per dosage, for example, at a 0. 53mg, | me, 5 mg, 10 me, 20 mg, 30 mg, 40 mg, 50 me, 60 mye,
T myg, 80 mg, 90 mg or 100 myg dosage mcluding greater than 1 mg, more than § mg, more than
20 myg, more than 30 my, more than 40 mg, more than 30 mg, more than 60 myg, more than 70
mg, more than 80 mg, more than 90 mg, or less than 100 my, less than 90 myg, less than 80 mg,
less than 70 mg, less than 60 mg, less than 50 me, less than 40 mg, less than 30 my, less than 20
mz, less than 10 mg, or less than 5 mya, or any combmation thereof.
in another example, a composition {e.g., mcluding epiephrine) can have a sutable
nontoxic, nopionte alky! glycoside having a hvdrophobic alkyl group joined by a linkage to a
hvdrophilic sacchande in combination with a mucosal delivery-enhancing agent selected frony
{a) an aggregaton inhibitory agent; (b} a charge-modifying agent; {¢) a pH control agent; (d) a
degradative enzyme mhibitory agent; {e} a mucolvtic or mucus clearing agent; () a aliostatic
agent; {¢) a membrane penctration-enhancing agent selected from: (i) a surfactant; {11} a bile salt;
{11} a phospholipid additive, mixed micelle, hposome, or carrier; {11} an alcohol; (1v) an enamineg;
{v} an NO donor compound; {v1} a long cham amphipathic molecule; (v} a hydrophobic

=

penetration enhancer; {(vin} sodium or a sabovhic acid denvative; {1x) a glycerol ester of
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acetoacetic acid; {x) a cyclodextrin or beta~cyclodextrin dertvative; {3) a medumn-chan fatty
salt thereof, {xv} an enzyme degradative fo a selected membrane component; {1x} an Inhibitor of
fatty acid synthesis: {x) an inhibitor of cholesterol synthesis; and {x3) any combivation of the
membrane penetration enhancmg agents recited m (-{x), (h & modulatory agent of epithelial
junction physiology; (1) a vasodilator agent: {j) a selective transport-enhancing agent; or (K} a
stabilizing delivery wvehicle, carrier, mucoadhesive, support or complex~-forming species with
which the compound is effectively combined, associated, contained, encapsulated or bound
resulting m stabilization of the compound for enbhanced mucosal delivery, wherem the
formudation of the compound with the transmucosal delivery-enhancmg agents provides for
mcreased bioavailabality of the compouond 1n a blood plasma of g subject. The formulation can
meioade approximately the same active pharmaceutical mgredient (AP1): enbancer ratio a3 m the
other examples for dizzepam and alprazolam.

A film andior its components can be water-soluble, water swellable or water-insoluble.
The tenn “water-soluble” can refer to substances that are at least partially dissolvable i an
aqueous solvent, mclading bt not limited © water. The tenn “water-soluble” may not
necessartly mean that the substance 15 1009 dissolvable i the agueous solvent. The term
“water~soluble” refers to substances that are not dissolvable m an aqoeous solvent, including
but not limited to water. A solvent can include water, or alternatively can inclade other solvents
{praferably, polar solvents) by themsealves or in combination with water.

The composition can mclude a polymertc matrix. Any desired polymernie matrx may be
used, provided that it is orally dissolvable or erodible. The dosaze should have enough
bioadhesion to not be easily removed and it should form a gel hike stractore when admmistered.
They can be moderate-dissolving in the oral cavity and particularly suitable for delivery of
phanuaceutically active components, although both fast release, delaved release, controlled
relfease and sustammed  release compositions are also among  the vanous embodiments
contemplated.

Branched Polymers
The pharmaceutical composition film can include dendritic polvmers which can

melade highly branched macromolecoles with varous stroctural architectwres.  The dendriic
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polymers can inclade dendrmers, dendromsed polymers (dendugrafted polymers), hinear
dendritic hybrids, multi-arm star polymers, or hvperbranched polymets.

Hyperbranched polyiners are highly branched polvmers with mmperfections n thew
structure. However they can be synthesized in a single step reaction which can be an advantage
over other dendntic structures and are therefore switable for bulk volume applhications. The
proparties of these polymers apart from their globular structure are the abundant functional
groaps, miramolecular cavities, low viscosity and high solubility. Dendritic polymers have been
used in several drug debivery applications. See, e.g., Dendrimers as Drog Carniers: Applications
m Different Routes of Drug Admumstration.  J Pharm Sci, VOL. 97, 2008, 123-143, which 15
mcorporated by reference heremn.

The dendritic polymers can bave internal cavities which can encapsolate drugs. The
steric hindrance cavsed by the highly dense polymer chains might prevent the crystallization of
the drugs. Thus, branched polvmers can provide additional advantages in formulating
crystalbizable drugs m a polvmer matnix.

Examples of suitable dendritic polymers include polviether) based dendrons,
dendrimpers  and  hyperbranched polvmers, polviester) based dendrons, dendiimers and
hyperbranched polvmers, polv{thicether) based dendrons, dendrimers and hyperbranched
polymers, poly{ammo acid) based dendrons dendnimers and  hyperbranched  polymers,
poly{arvialkylene  ether) based dendrons, dendrimers and  hyperbranched  polymers,
polv{atkyviensimine)  based  dendrons, dendrimers and  hyperbranched  polvmers,
polviamidoanune) based dendrons, dendruners or hyperbranched polymers.

Other examples of hyperbranched polvmers include poly{anunes)s, polycarbonates,
polv{ether ketonels, polvurethanes, polycarbostlanes, polvsioxanes, poly{ester amine)s,
poty{sulfone aminels, poly{urea arethane)s and polyether polyels such as polyglycerols.

A Hlm can be produced by a combingtion of at least one polymer and a solvent,
optionally mchuding other components. The solvent may be water, a polar orgamc solvent
meluding, but not limited to, ethanol, 1sepropanol, acetone, or any combination thereof. In some
embodumnents, the solvent may be a non-polar organic solvent, such as methylene chloride. The
film may be prepared by utilizing a selected casting or deposition method and a controlled dryving
process. For example, the film may be prepared through a controlled drving processes, which

wclude application of heat andfor radiation energy to the wet film mainx to form a visco-elastic
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structore, thereby controlling the uniformuty of content of the film. The controlled drying
processes can mclude air alone, heat alone or heat and au together contacting the top of the Gilm
or bottom of the film or the substrate supporting the cast or deposited or extruded film or
contacting more than one surface at the same ume or at different times during the drying process.
Some of such processes are described m more detail m US. Patent No. 8,765,167 and US
Patent No. §,652.378, which are incorporated by reference berein. Alternatively, the films may
be exiraded as described m ULS. Patent Publication No. 2005/0037055 Al, which 1s incorporated
by reference herem.

A polymer mncluded m the films may be water-soluble, water-swellable, water-msoluble
or a combination of one or more either water-soluble, water-swellable or water-insoluble
polymers. The polymer may wclude cellolose, cellulose derivatives or gums. Specitic examples
of useful water-soluble polymers melude, but are not limtted to, polvethylene oxide, pullulan,
hydroxvpropyimethyl cellulose, hydroxyethy! cellulose, hydroxvpropyl cellulose, polvvinyl
pyrrohdone, carboxymethy! cellulose. polyvinyl alcobol, sodm algmate, polyethylene glveol,
xanthan gum, tragancanth gum, puar guny, acacia guwm, arabic gum, polvacrylic acid,
miethyimethacrylate copolvmer, carboxvvinyl copolymers, starch, gelatin, and combinations
thereof. Specific examples of useful water-msoluble polymers mclude, but are not hmated to,
ethyl cellulose, hydroxypropyl ethyi celludose. cellulose acetate phthalate, hvdroxypropyl methyl
cellulose phthalate and combinations thereof. For higher dosages, it may be desusble to
meorporate a polymer that provides a high level of viscosity as compared to lower dosage

As used herem the phrase “water-soluble polyimer” and vartants thereof refer to a polyvmer
that 15 at least partially soluble m water, and desirably fully or predonunantly soluble in water, or
absorbs water. Polymers that absorb water are often referred to as bemg water-swellable
pobymers. The materials useful with the present mvention may be water-soluble or water-
swellable gt room teraperatore and other temperatures, such as temperatires exceeding room
temperature. Moreover, the matenals may be water-soluble or water-swellable at pressures less
than atmospheric pressure. In some embodiments, films formed from such water-soluble
polvmers may be sufficiently water-soluble to be dissolvable apon contact with bodity fuids.

Other polvmers useful for incorporation into the films include biodegradable polvmers,
copolymers, block polymers or combinations thereof. I 13 understood that the term

"hodegradable” is intended to include materials that chenncally degrade, as opposed to matenals

25



WO 2017/192921 PCT/US2017/031167

that phystcally break apart {1.e., biverodable matenials). The polymers mcorporated in the films
can also include a combination of biodegradable or bicerodable materials,  Among the known
useful polvmers or polyvmer classes which meet the above criteria are: polv{glveolic aaid) {(FGA),
poly(lactic acid) (PLA), polydioxanes, polyoxalates, polbv{alpha-esters), polvashydrides,
polyacetates, polycaprolactones, poly{orthoesters), polyamimo acuds, polvamanocarbonates,
polyurethanes, polvearbonates, polvamides, polv(alkyl cvanoacrylates), and mixtures and
copolymers thereof. Additional useful polymers include, stereopolymers of L- and D-lactic acid,
copolymers of bis{p-carboxyphenoxyipropane acid and sebacic acid, sebacic acid copolymers,
copolymers  of  caprolactone, polvllactic  acidypolv{glveohe  acidYpolyethvleneglycol
copolymers, copolymers of polvarethane and (polw{lactic acid), copolymers of alpha-amino
acids, copolvmers of alpha~amino acids and caproic gcwd, copolyvmers of alpha-benzyl glutamate
and polvethylene glveol, copolymers of succinate and polv(glveols), polvphosphazene,
polvhvdroxy-alkanoates or mixtures thersof. The polymer mairix can include one, two, three,
four or more COMPONENts.

Although a variety of different polymers may be used, it is desired to select polymers that
provide mucoadhesive properties o the film, as well as a desired dissolution andfor
disintegration rate. In particular, the time peniod for which 1t 1s desired to mamtain the film m
contact with the mucosal fissue depends on the type of phammaceutically active component
contained in the composition. Some pharmaceutically active components may only reguire a few
minutes for debivery through the mucosal ussue, whereas other pharmaceutically active
cotnponents may require up to several hours or even longer. Accordmgly, 1n some embodiments,
one or more water-soluble polvimers, as described above, may be used 1o form the film. In other
embodiments, however, it may be desirable to wse combinations of water-soluble polymers and
polyimers that are water-swellable, water-insoluble andfor biodegradable, as provided above. The
melasion of one or more polymers that are water-swellable, water-insoluble andfor
brodegradable may provide films with slower dissolution or dismtegration rates than filmg
formed from water-soluble polymers alone. As such, the film may adhere to the mucosal tissue
for longer periods of time, sach as up to several hours, which may be desirable for delivery of
certain pharmaceutically active components.

Desirably, an individoal film dosage of the pharmaceunical film can have 8 switable

thickness, and small size, which is between abouwt  0.0625-3 inch by abowt .0625-3 inch. The
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film size can also be greater than 0.0625 mch, greater than 0.3 mch, greater than 1 inch, greater
than 2 mches, about 3 mches, and greater than 3 inches, less than 3 inches, less than 2 inches,
less than | mch, less than 0.5 inch, less than 0.0623 mch i at least one aspect, or greater than
0.0623 inch, greater than 0.5 inch, greater than 1 inch, greater than 2 inches, or greater than 3
mches, about 3 mches_ less than 3 mnches, less than 2 mches, less than 1 mch, less than 8.5 mch,
lexs than 0.0623 mch in another aspect. The aspect ratio, including thickness, length, and width
can be optimized by a person of ordinary skill m the art based on the chenuical and physical
properties of the polymernic matrix, the active pharmaceutical mgredient, dosage, enhancer, and
other additives tnvolved as well as the dimensions of the desired dispensmg wut. The film
dosage should have good adhesion when placed w the buccal cavity or in the sublingual region
of the user. Further, the film dosage should disperse and dissolve at a moderate rate, most
desirably dispersing within about | minute and dissolving within about 3 munutes. In some
embodiments, the film dosage may be capable of dispersing and dissolving at & rate of between
about 1 to about 30 minutes, for example, about 1 to about 20 mumugtes, or more than 1 mute,
more than § minates, more than 7 minutes, more than 10 aunutes, more than 12 minutes, more
than 15 munutes, more than 20 vunwtes, wore than 30 munutes, about 30 munutes, or less thaa 30
minutes, less than 20 minutes, less than 135 nunutes, less than 12 munutes, less than 10 minates,
less than 7 minutes, less than 5 muvates, or less than 1 minute. Soblingual dispersion rates may
be shorter than buccal dispersion rates.

For instance, m some ambodiments, the films may include polvethvlene oxide alone or m
combination with a second polynier component. The second polymer may be another water-
soluble polymer, a water-swellable polymer. a water-insoluble polymer, a biodegradable
polymer or any combmation thereof Sutable water-soluble polymers include, withowt
limitation, any of those provided above. in some embodiments, the water-soluble polviaer may
melade  hydrophihe  cellulosic  polvmers, such g3 hydroxypropyl  celludose  andfor
hyvdroxypropyvhmethyl cellulose. In some embodiments, one or more water-swellable, water-
msoluble andfor bodegradable polvmers also mav be mcluded 1 the polyethylene oxide-based
film. Any of the water-swellable, water-insoluble or biodegradable polymers provided above
may be emploved. The second polymer componant mav be emploved in amounts of abow 0% to
about 80% by weight m the polymer component, more specifically aboat 30% to about 70% by

weight, and even more speaifically about 40% to abowt 60% by wemht, mcluding greater than
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3%, greater than 1%, greater than 13%, greater than 20%, greater than 309, greater than 4095,
greater than 50%, greater than 60%, and greater than 70%, about 70%, less than 70%, less than
60%, less than 50%, less than 40%, less than 30%, less than 20%, less than 10% or less than 3%
by weight.

Addittves may be incloded m the hlms. Examples of classes of additrves mclode
preservatives, antimicrobials, excipients, lubricants, buffering agents, stabilizers, blowing agents,
pigments, coloving agents, fillers, bulking agents, sweetening agems, Havoring agents,
fragrances, release modifiers, adjuvants, plasticizers, flow accelerators, mold release agents,
polyols, granulating agents, diluents, binders, buffers, sbsorbents, ghdants, adhesives, anti-
adherenis, acidulants, softeners, resms, demuleents, solvenis, sarfactants, emdsifiers, elastomers,
anti-tacking agents, anti-static agents and mixtares thereof These additives may be added with
the pharmaceutically active component{s),  As used herein, the term “stabilizer” means an
gxcipient capable of preventing aggregation or other physical degradation, as well as chemical
degradation, of the active pharmaceutical mgredient, another exciptent, or the combination
thereof.

Stabilizers may also be classified as antioxdants, sequestrants, pH modifiers, amudsifiers
andfor surfactants, and UV stabilizers.

Antoxidants {1.e., pharmaceutically compatible compound(s) or composiion(s) that
decelerates, mhibits, interrupts andfor stops oxidation processes) include, in particslar, the
following substances: tocopherols and the esters thereof, sesamol of sesame oil, coniferyl
benzoate of benzom resin, nordihydrogoatetse resm and nordibydroguaiaretic acid (NDGA},
gallates (among others, methyvl, ethyvl, propyl, ampl, butyl, lawryl gallates), butyvlated
hydroxyanisole (BHAMRBHT, also butyl-p-cresol); ascorbic acid and salis and esters thereof {for
example, acorbyl palmitate}, erythorbinic acid (isoascorbinic acid) and salts and esters thereof,
monotiuoglveerol, sodunn formaldehyde sulfoxylate, sodiun metabisulfite, sodnun bisulfite,
sodium sulfite, potassnan metabisalfite, botvlated hvdroxyanisole, buotyviated hvdroxytoluene
{BHT), propionic aaid. Typical antioxidants are tocopherol such as, for example, a-tocopherol
and the esters thereof, butviated hyvdroxyioluene and butvlated hydroxyanisole. The terms
“tocopherol” also includes esters of tocopherol. A known tocopherol is a-tocopherel. The term

“a-tocopherol” ncludes esters of a-tocopherol (for example, a-tocopherol acetate).
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Sequestrants (Le, any compounds which can engage in host-guest complex formation
with another compound, such as the active ingredient or another excipient; also referred to as 1
sequestering agent} meclude calcium chiorde, calenmm disodium ethylene diamine tetra-acetate,
ghicono delta-lactone, sodium gluconate, potassium gluconate, sodim tripobvphosphate, sodium
hexametaphosphate, and combmations  thereof.  Sequestrants  also  welade  oyehic
oligosaccharides, such as cvclodextring, ovclomanning (5 or more e-D-mannopyranose anifs
hinked at the 1.4 positions by o linkages), cvelogalacting {8 or more B-D-galactopyranose wnits
hinked af the 1.4 postiions by § hokages), cycloaltrins {3 or more g-D-altropyranose units hinked
at the 1.4 positions by « hinkages), and combinations thereof.

pH modifiers mchude acids {eg, tartanc acd, aric acid, lactic acid, Rmmane acid,
phosphoric acid, ascorbic aad, acetic gad, succinme acwd, adipic acid and malerc acid), acidic
ammo acuds (e.g., glotamic acid, aspartic acd, eic.), morganic salis (alkali metal sali, alkaline
garth metal salt, ammonium salf, ete.) of such acidic substances, a salt of such acidic substance
with an organic base {e.g., basic amino aod such as tysine, arginine and the hke, meglumine and
the like}, and a solvate {e.g., hydrate) thereof. Other examples of pH modifiers mchude silicified
microcrystathne cellulose, mapnesium alummorsetasibicate, calcium salts of phosphonie acd
{e.g.. calcwum hydrogen phosphate anhydrous or hydrate, caloiem, sodiom or potassium
carbonate or hydrogencarbonate and calenum lactate or muixtures thereof), sodmm andfor calciam
salts of carboxymethyl cellulose, cross-linked carboxymethyicellulose {ep.. croscarmellose
sodinm and/or caloium), polacnilin potassium, sodium and orfcalcium alginate, docusate sodium,
magnestiwn calorom, alurmniom or zine stearate, wagnesiun pabmifate and magnestum oleate,
sodium stearyl fumarate, and combinations theveof

Examples of emulsifiers and/or surfactants mclude poloxamers or ploronics, polvethylene
glycols, polyethylene glycol monostearate, polysorbates, sodium lauryl sulfate, polyethoxylated
and hydrogenated castor o, alkyl polvoside, a grafted water soluble protein on g hydrophobic
backbone, lecithin, glveeryl monostearate, glvceryl monostearate’polvoxvethylene stearvate,
ketosteary! alcoholsodiom lawrvl sulfate, carbomer, phospholipids, {Cio-Coad-alkyl and alkviene
carboxylates, alkyl ether carboxviates, fatty alcohol solfates, fatty alcohol ether sulfates,
alkylanmide sulfates and solfonates, fatty acid alkyviamide polvelyeol ether sulfates,
alkanesulfonates and hydroxyalkanesulfonates, olefinsulfonates, acyl esters of i1sethionates, o

sulfo  fatty  acid  esters, alkvibenzenesulfonates, alkviphenol glveol ether sulfonates,
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sulfosuccmates, sulfosuccmic monoesters and  diesters,  fatty  alcohol ether phosphates,
protemnddatty acid  condensation  producis, alkyl monoglyeeride sulfates and  sulfonates,
alkyviglyceride ether sulfonates, fatty acd methyhaundes, fatty  acid  sarcosinates,
sulforicinoleates, and acylglotamates, quaternary ammonium salts {eg., d-{Cio-Crel-altkyl-
dimethvlammontom chlonide or bromiude), {(Cio-Cagd-atkyl-dimethvlethylammonium chlonde or
bromide, (Ceo-Cogralkyitrimethylammonium chioride or bromide {e.g..
cetynimethylammonium  chloride or  brommde),  (Cip-Chedalkyl-dimethylbenzylammonium
chioride or bromude {e.p., {(CoCid-alkyl-dimethyibenzylammonmum chlonde), N{Cio-Cig)-
alkyvl-pyridinium chlornide or bronude {e.g., Ner( Gy o-Ced-alkyl-pyridinum chloride or bronude),
N CypeCrigalkyviisoquinolmum chlonde, bromide or monoalky! solfate, Ne{C-Ched-alkoyl
polvoviaminotormylmethvlpyridinium chlonde,  Neo{CypoCigdralkyvh-Nemethyhmorpholmnam
chionde, bromude or monoalkyl sulfate, NeodCy-Cigd-alkyi-Neethylmorpholmium  chlonde,
bropude or  monocalkyl  sulfate, (Cie-Cud-alkyl-pentaoxethvlammonium  chloride,
disobutyiphenoxvethoxyvethyldimethvlbenzylammonmum  chlonde,  salts of NN
ethylaminoethvistearviamde and -olevlamide with hydrochioric acid, acetic acid, lactic acid,
curic acid, phosphorie  acid, Neaoviaminoethyl-N N-diethyt-N-methvlanumomnan  chionde,
bromade or monoalkyl sulfate, and N-acylanunoethyl-N . N-diethyl-N-benzyiammoniam chlonde,
bromide or monoaltkyl solfate (in the foregomg, “acyl” standing for, e.g., stearyl or oleyl). and
combinations thereof

Examples of UV stabilizers mclude UV absorbers {e.g., benzophenones), UV guenchers
{1.¢., any compound that dissipates UV energy 45 heat, rather than allowang the energy to have a
degradation effect), scavengers {Le., any compound that eliminates free radicals resulting from
exposure to UV radiation), and combinations thereof.

In other embodiments, stabilizers include ascorbyl palmitate, ascorbic acid, alpha
tocopherol, butylated hvdroxvtoluene, buthylated hvdroxyanisole, cvsteme HCIL, curnic acid,
ethylenediamine tetra acetic acd (EDTA}, methionine, sodnum etvate, sodnum ascorbate, sodnan
thiosuliate, sodnon metabt sulfite, sodinm bisulfite, propyl gallate, glutathione, thioglveerel,
singlet oxveen quenchers, hvdroxyvt radical scavengers, hydroperoxide removing agents,
reducing agents, metal chelators, detergents, chaotropes, and combinations thereof. “Singlet
osygen guenchers” mclude, but are not limited to, alkyl imudazoles {e.g., histdine, L-camosine,

hustanune, nmudazole 4-acetic acid), indoles {e.g.. trvptophan and denvatives thereof, such as N-
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acetyl-S-methoxyoryptamine, N-acetviserotomy, 6-methoxy-1 23 duetiahydro-beta-carboling),
sulfpr-contaiming amino acids {e.g., methionine, ethionine, djenkolic acid, lanthionine, N-formyl
methionipe, felinine, S-allyl cysteine, S-aminoethyl-L-cysteine}, phenolic compounds {eg.,
tvrosme and derivatives thereof), aromatic acids {(e.g. ascorbate, salievlic acid, and denvatives
thereof), azde {e.g.. sodum azide), tocopherol and related vitamin B derivatives, and carotene
and related vitamin A derivatives. “Hydroxyl radical scavengers™ mclude, but are not Hmited to
azide, dimethyl sulfoxide, histidine, mannitol, sucrose, glucose, salicylate, and L-cysteine
“Hydroperoxide removing agents” include, but are not hmited to catalase, pyruvate, glutathione,
and glutathione peroxidases. “Reducing agents” include, but are not himited to, cvstemne and
mercaptoethylene. “Metal chelators™ mclude, but are not hmsted to, EDTA, EGTA, o-
phenanthrohine, and citrate. "Detergents™ include, but are not limited to, SDS and sodivm lawrovd
sarcosvl., “Chaotropes™ include, but ave not limited to guandiniam hvdrochlornide, isothiocvanate,
urea, and formamide.  As discussed herein, stabilizers can be present m 0.0001%:-50% by
weight, meluding greater than 0.0001%, greater than 0.001%, greater than 0.01%, greater than
0.1 %, greater than 1%, greater than 5%, greater than 10%, greater than 20%, greater than 30%,
oreater than 40%, gregter than 50%, less than 50%, less than 40%, less than 30%, less than 20%,
less than 10%, less than 1%, less than 0.1%, less than §.01%, less than 0.001%, or less than
{.0001% by weight

Usefo] additives can molude, for example, gelatin, vegetable protems such as sunflower
protein, sovbean protemns, cotton seed proteins, peanut proteins, grape seed proteins, whey
proteins, whey protem solates, blood protems, egg protamns, acryviated protems, water-soluble
polysaccharides such as alginates, carrageenans, guar gum, agar-agar, xanthan gum, gellan gum,
gim arabic and related gums {eom ghatt, gum karaya, gum tragancanth), pectin, water~soluble

dertvatives of cellulose: alkvicelluloses hydroxyalkylcelluloses and hydroxyalkyvlalkyleelinloses,

such 43 methylceliulose, hydroxymethvleellulose, hvdroxyethyleellulose,
hvdroxypropyleettalose, hyvdroxvethyimethvleelhlose, hydroxvpropyhmethvlcelinlose,

hydrosvbutvimethvlcellulose, cellulose esters and hydroxvalkyicellulose esters such as cellulose
acetaie phihalate {CAP), hvdroxypropvimethyleellnlose (HPM), carboxyalkyleellnloses,
carboxvalkvlalkvicelluloses, carboxyalkvicellulose esters such as carboxymethyleelinlose and
thew alkab metfal salts; water-soluble synthetic polymers such as polyacrylic acids and

polyvacryhic acid esters, polvmethacrvlic acids and polvmethacrvlic acd esters, polyvinvlacetates,
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pobyvnvialcohols, polyvinylacetatephthalates (PYAP), polyvinylpymrolidone {PVPR), PV Advinyl
acetate copolymer, and polyverotonic acids; also suitable are phihalated gelatm, gelatin succinate,
crosshinked gelatin, shellac, water-soluble chenncal derivatives of starch, cationically modified
rvlates and methacrylates possessing, for example, a tertiary or quaternary amuno group, such
as the diethylaminoethyl group, which may be guaternized if desired; or other sumilar polymers.

The additional components can range up to about 0%, desirably about 0.0058% to 30%
and more deswably within the range of 1% to 20% based on the weight of all composition
compoenents, cluding greater than 1%, greater than 3%, greater than 10%, greater than 20%,
greater than 30%, greater than 40%, greater than 50%, greater than 60%, greater than 70%, about
8%, preater than 8%, less than 80%, less than 709, less than 60%, less than 50%, less than
40%, less than 30%, less than 20%, less than 10%, less than 3%, about 3%, or less than 1%,
Other additives can inclade anti-tacking, flow agents and opacifiers, such as the oxides of
magnesium aluminum, silicon, tanium, ete. desirably in & concentration range of about 0.005%
to about 3% by weight and desirably about 0.02% to abont 2% based on the weight of all film
components, including greater than 0.02%, preater than (.2%, greater than 0.5%, greater than
1%, greater than 1.5%, greater than 2%, greater than 4%, abouwt 3%, greater than 5%, less than
4%, less than 2%, less than 1%, less than 0.5%, less than 0.2%, or less than 8.02%

In certamn embodiments, the composition can inclade plasticizers, which can mchode
polyalkslene oxades, such as polvethyvlene glycols, polypropylene glveols, polvethylene-
propylena alveols, organie plasticizers with low molecular weights, such as glveerol, glveerol
moneacetate, diacetate or frimcetate, triacetin, polvsorbate, cetyl alcohol, propylene glyeol, sugar
alcohols sorbitol, sodmum diethylsulfosuccinate, triethyl citrate, fributyl citrate, phvtoextracts,
fatty acid esters, fatty acids, oils and the like, added m concentrations ranging from abowt 0.1%
to about 40%, and desirably ranging from about 0.5% to about 20% based on the weight of the
comaposition mchuding greater than 0.5%, greater than 1%, greater than 1.53%, greater than 2%,
ereater than 4%, preater than 3%, greater than 10%, greater than 15%, about 20%, preater than
20%, less than 20%, less than 15%, less than 10%, less than 5%, less than 4%, less than 2%, less
than 1%, and less than 0.53%. There may further be added compounds to improve the texture
properties of the film material such as animal or vegetable fats, desirably in their hydrogenated
form. The composition can alse inclode compounds to mmprove the textural properties of the

product. (ther ingredients can mclude binders which contribute to the ease of formation and
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general quality of the films. Non-lpmitimg examples of binders wclude starches, natural gums,
pregefatmmized  starches,  gelatin,  polyvinvipvrrolidone,  methylcellulose,  sodium
carboxymethyicellulose,  ethyicellulose,  polyacrvlamides,  polyvinvioxoazolidone, or
polyvinylalcohols.

Farther potential additives mclude solubility enhancing agents, such as sobstances that
form mchision compounds with active components. Such agents may be useful in improving the
properties of very insoluble andfor unstable actives. In general, these substances are doughnut-
shaped molecules with hydrophobic mternal cavities and hydrophilic exteriors. Insoluble andior
mstable pharmaceutically active components may it within the hydrophobic cavity, thereby
producing an mclusion complex, which is soluble m water. Accordmely, the formation of the
mclusion complex permmits very msoluble andi/or unstable pharmaceutically active components to
be dissolved m water. A particularly desurable example of such agenis sre cyclodextring, which
are oyclic carbohydrates derived from starch. Qther similar substances, however, are considered
well within the scope of the present mvention.

Suitable coloring agents mmchude food, drug and cosmetic eolors (FDX&C), dmg and
cosmetic colors (D&O)Y, or external drug and cosmetic colors (Ext. D&C). These colors are dves,
thear corresponding lakes, and certam natural and denved colorants. Lakes are dyes absorbed on
alununum hydroxide. Other examples of coloring agents mclude known azo dyes, orgamic or
morganic pigments, or coloring agents of natiwal onigin. Inorganic pigmenis are preferred, souch
as the oxides or iron or ttanium, these oxides, being added in concentrations ranging from about
0001 to about 10%, and preferably about 0.5 to about 3%, mcluding greater than 0.001%,
greater than 0.01%, greater than 0.1%, greater than 0.5%, greater than 1%, greater than 2%,
greater than 3%, about 10%, greater than 10%, less than 'i.(}‘?‘-‘@ less than 3%, less than 2%, less
than 1%, less than 0.5%, less than 0.1%, less than 0.01%, or less than 0.001%, based on the
weight of all the components,

Flavors mav be chosen from natural and synthetie Bavorimg hauds, An dlustrative bist of
such agents mcludes volatile oils, svithetic flavor oils, flavoring aromatics, oils, lhiquids,
oleoresins or extracts derived from plants, leaves, flowers, frults, stems and combinations
thereof. A non-lumiting representative list of examples includes mim oils, cocoa, and citrus oils
such as lemon, orange, lime and grapefruit and frott essences including apple, pear, peach, grape,

sivawberry, raspberry, cherry, plum, pineapple, apricot or other frait flavors.  Other usefud
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flavorings mchude aldehydes and esters such as benzaldehvde (cherry, almond}, cwral 1e,
alphacitral (lemon, lime), neral, e, betg-citral (lemon, ime), decanal {orange, lemon), aldehyde
(-8 (citrus fruits), aldebyvde C-9 (eitrus fruns), aldehyde C-12 (citrus fruits), tolyl aldebyde
{cherry, almond}, 2.6-dimethvloctanol (green fruit), and 2-dodecenal {citrus, mandarm),
combinations thereof and the hke.

The sweeteners may be chosen from the following pon-limiting Hst: glucose (com syrup),
dextrose, tnvert sugar, fructose, and combinations thereof, saccharim and Hs varions salts such as
the sodmm salt;, dipeptide based sweeteners such as aspartame, neotame, advantame,
dihydrochalcone compounds, glvevirhizin; Stevia Rebaudiana {(Stevioside); chlore dervatives of
sucrose such as sucralose:; sugar alcohols such as sorbstol, manmstol, xyvlitol, and the like. Also
contemplated are hyvdrogenated starch hydrolysates and the synthetic sweetener 3 6-dihvdro-6-
methyl-1~1-1,2 3-oxathiazin-d-one-2, 2-dioxide, partcularty the potasstam salt {acesalfame-K},
and sodium and calcium salis thereof, and patural intensive sweeteners, such as Lo Han Kuo.
(Other sweeteners may also be used.

Anti~foaming andior de-foaming components may alse be used with the films. These
corponents aid m the removal of air, such as entrapped air, frow the fhn-forming compositions.
Such entrapped air mayv lead to non~antform Hlms. Smmethicone 1s one particularly usefol ants-
foammg andfor de-foammg agent. The present invention, however, 13 not so himited and other
suitable anti~-foan andfor de-foaming agents may be used. Simethicone and related agents may
be emploved for densification purposes. Maore specifically, such agents mayv facilitate the
rernoval of vouds, air, mosture, and stmlar undesired compounents, thereby providing denser and
thus more umform films. Agents or components which perform this function can be veferred to
as densification or densifymg agents. As desenbed above, entrapped air or undesred components
may lead to non-uniform films.

Any other optional components described w commuonly assigned US. Patent No.
7425292 and V1S, Patent No. 8,765,167, referred to shove, also may be meluded 1 the films
deseribed heremn.

The film compositions forther desirably containg a buffer so as to control the pH of the
film composition. Any desired level of buffer may be incorporated into the film composition so
as to provide the desired pH level encountered as the pharmaceutically active component 1s

released from the composition. The buffer 15 preferably provided m an amount suificient to
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control the release from the film andfor the absorption mte the body of the pharmaceutically
active component, In some embodunents, the buffer may mchude sodiam oitrate, ciric acid,
bitartrate salt and combinations thereof.

The pharnsacentical films described herein may be formed via any desived process.
Suitable processes are set forth m US. Patent Nos. 8,652 378, 7425292 and 7 357 891, which
are incorporated by reference herein. In one embodiment, the film dosage composition Is formed
by first preparing a wet composition, the wet composition including a polymeric carmner matrix
and a therapeutically effective amount of a pharmaceutically active component. The wet
composition 15 cast mto a Blm and then sufhiciently dnied to form a selfsupporting film
composition. The wet composition may be cast into mdividual dosages, or #f may be cast nyo a
sheet, where the sheet 1§ then cat wnto wdividual dosages.

The pharmaceutical composition can adhere to a mucesal sarface. The present mvention
finds particular use in the localized treatment of body tissues, diseases, or wounds which may
have most surfaces and which are susceptible to bodily Huids, such as the mowth, the vagina,
organs, or other types of nwcosal surfaces. The composition carries a pharmaceutical, and upon
apphcation and adherence to the mucosal surface, offers a layer of protection and dehvers the
pharmacentical to the treatment site, the swroundmg tissues, and other bodidy fhwuds. The
composition provides an appropnate residence time for effective drug delivery at the treatment
site, given the control of eroston i agqueous solution or bodily flurds such as saliva, and the slow,
natural erosion of the film concomitant or subsequent to the delivery.

The residence time of the composition depends on the erosion rate of the water erodable
polymers used in the formulation and their respective concenfrations. The erosion rate may be
adjusted, for example, by mixing together components with different solubility charactenistics or
chemically different polvmers, such as hydroxyethyl cellulose and hvdroxypropyl cellulose; by
ustng different molecudar weight grades of the same polyvmer, such as mixing ow and mednan
miclecniar werght hydroxyethyl cellulose; by using exaiprents or plasticizers of vanous hipophilic
values or water solubnbity characteristics (including essentially insoluble components); by using
water soloble organic and organic salts; by usimg crosslinking agents such as ghvoxal with
polymers such as hyvdroxvethyl cellulose for partial crosstinking; or by post-treatment nradiation

or cwing,

which may alter the physical state of the film, mncluding s crystallinty or phase

transition, once obtamed. These strateges nught be employed alone or i combination in order o
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modify the erosion kinetics of the fibm. Upon application, the pharmacestical composition film
thereby duminishing the foreign body sensation. As the composition rests on the mucosal surface,
delivery of the drug ocours. Residence times mayv be adjusted over a wide range depending upon
the desired timing of the debivery of the chosen pharmaceutical and the deswred hifespan of the
carrigr. Generally, however, the residence time is modulated between about a few seconds to
about a few days. Preferably, the residence time for most pharmaceuticals 1s adjusted from about
3 seconds to about 24 hours. More preferably, the residence time s adjusted from about 3
seconds to about 30 minutes. In addition to providing drug delivery, once the composition
adheres to the mucosal surface, # also provides protection to the treatment site, acting as an
erodable bandage. Lipophilic agents can be designed to slow down erodability to decrease
disintegration and dissolution.

It 15 alse possible 1o adjust the kinetics of erodability of the composition by adding
excipients which are sensitive to enzymes such as amylase, very soluble m water such as water
soluble organic and inorganic salts. Sunable excipients may include the sodin and potassium
salts of chioride, carbonate, bicarbonate, aitrate, trifluorogcetate, benzoate, phosphate, floonde,
sulfate, or tartrate. The amount added can vary dependimg upon how much the eroston kinetics 1s
to be altered as well as the amount and nature of the other components m the composition.

Frmusifiers typically used i the water-based emulsions described above are, preferably,
either obtained in situ if selected from the hnoleic, palmitic, myristoleis, {auric, stearic, cetoleic
or olete acids and sodium or potassium hydroxide, or selected from the laurate, palmitate,
siearate, or oleate esters of sorbiol and sorbitel ashydndes, polvoxvethylene denvatives
mchuding monooleate, monostearate, monopalmitate, monolaurate, fatty alcohols, alkyl phenols,
allyl ethers, alkyl aryl ethers, sorbitan monostearate, sorbitan monooleate andior sorbitan
monepahmitate,

The amount of pharmaceutically active component to be used depends on the deswed
treatment strength and the composition of the lavers, although preferably, the pharmaceuntical
component comprises from about 0.001% to abowt 99%, more preferably from about 0.003 o
about 75%, and most preferably from about 0.005% to about 50% by weight of the composition,
mchadimg, more than 0.003%, more than 0.05%, more than 0.5%, more than 1%, more than 5%,

more than 10%., more than 15%, more than 20%, wore than 30%, about 50%, more than 30%,
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less than 30%, less than 30%, less than 20%. less than 13%, less than 109, less than %, less
than 1%, less than 0.5%, less than 0.05%, or less than 0.005%. The amounts of other components
may vary depending on the drug or other components but typically these components comprise
no more than 50%, preferably no more than 30%, and most preferably no more than 15% by total
weight of the composition.

The thickness of the film may vary, depending on the thickness of gach of the layers and
the nwmber of layvers. As stated above, both the thickness and amount of layvers may be adjusted
1 order to vary the erosion kinetics. Preferably, if the composition has only two layers, the
thickness ranges from 0.005 mm to 2 mm, preferably from 0.01 to | nmun, and more preferably
from .1 to 0.3 mm, includmyg greater than 0.1 mm, greater than .2 mm, about 0.3 num, greater
than 0.5 mun, less than 0.5 nun, less than 0.2 wan, or fess than 0.1 nun. The thickness of each
layer may vary from 10 1o 90% of the overall thickness of the lavered composition, and
preferably varies from 30 1o 60%, including greater than 10%., greater than 20%, greater than
3%, greater than 40%, greater than S0%, greater than 70%, greater than 90%, about 90%, less
than 90%, less than 70%, less than 50%, less than 40%, less than 30%. less than 20%, or Jess
than 1095, Thas, the preferved thuckness of each laver mav vary from 0.01 mm to 0.9 nun, or
from .03 to 0.5 mom.

_transmucosal or

As one skilled m the art wall appreciate, when systemic delivery, cg
transdermal delivery is desired. the treatment site may inclode any area v which the film s
capable of delivery andfor mamtaining a desired level of pharmaceutical in the blood, tvmph, or
other bodily Had, Typically, such weatment sites wnclude the oral, avral, ocular, anal, nasal, and
vaginal mucosal tissue, as well as, the skin. If the skin 15 t0 be emploved as the treatment site,
then usually larger areas of the skan wheremn movement will not disrupt the adheston of the film,
such as the upper arm or thigh, are preferred.

The pharmacentical composition can aglso be used a5 8 wound dressing. By offering a
physical, compatible, oxygen and moistare permeable, flexible barrier which can be washed
away. the film can not only protect a wound but also deliver a pharmaceutical n order to
promote healing, aseptic, scarification, to ease the pain or to improve globally the condition of
the sufferer. Some of the: examples given below are well suited for an apphication to the skinor a
wound. As one skilled in the art will appreciate, the formulation might require mcorporating a

specific hydrophilicshveroscopic excipient which would help in mamtaining good adhesion on
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dry sk over an extended period of ume. Another advaniage of the present mvention when
uwitized in this manner 18 that i one does not wish that the film be noticegble on the skin, then no
dyves or colored substances need be used. If, on the other hand, one desires that the film be
noticeable, a dve or colored substance may be employed.

While the pharmaceatical composition can adhere to mucosal fissues, which are wet

tissues by nanwe, 1t can also be used on other surfaces such as skin or wounds. The
pharmacentical film can adhere to the skan if prior to application the skin is wet with an agueouns-
based thad such as water, saliva, wound drainage or perspiration. The film can adhere to the skin
until it erodes due to contact with water by, for example, ninsing, showering, bathing or washing.
The film may also be readily removed by peehing without significant damage to fissue.
A Franz diffusion cell s an in vitro skin permeation assay used in formulation development. The
Franz diffusion cell apparatus (Figare 1A) consists of two chambers separated by a membrane
of, for example, animal or human tissue. The test product is applied to the membrane via the top
chamber. The bottom chamber contams flind from which samples are taken at regular intervals
for analysis to determine the amount of active that has permeated the membrane. Referrmg to
Figure 1A, a Frang diffuston cell 100 nchudes & donor compound 101, g donor chamber 102, &
membrane 103, sampling port 104, receptor chamber 103, st bar 106, and a heater/circulator
17,

Referring to Figure IB, a pharmaceutical composition is a film 100 comprising ¢
polymernic matrix 200, the pharmaceutically active component 300 being comtained in the
polvmenic matnx, The Hlm can melude 8 permeation enhancer 400,

Referring to Figures 2A and 2B, the graphs show the permeation of an active
matenial from a composition. The graph shows that for the epmephrine base — solubilized m-siin
vs. the inheremtly soluble epinephrine bitartrate, no meaningful differences were observed.
Epinephrine bitartrate was selected for further development based on gase of processing. Flux s
derived as slope of the amoant permeated as a funciion of thme. Steady state flux 15 taken from
the plateau of flux vs time curve multiphed by the volume of receiver media and normahzed for
permeation area.

Refarring to Figure 2A, this graph shows average amount of  active material
permeated vs. time, with 8.00 mg/ml. epmephrnne bitartrate and 4.4 mg/ml epinephrine base

solubilized.

38



WO 2017/192921 PCT/US2017/031167

Refornng to Figare 2B, dus graph shows average fhee vs. time, with 8.00 mg/ml
epinephrine bitartrate and 4.4 mgfmb. epinephrine base solubthzed.

Referning to Figure 3, this graph shows ex-vive permeation of epmephrine bitartrate
as a function  of concentration.  The study compared concentrations of 4 mg/ml., 8 mg/mlL, 16
mgfml and 100 mgfml. Resolts showed that moreasing concentrabion resulted m increased
penmeation, and level of enhancement diminishes at higher loading.

Referring to Figure 4, this graph shows permeation of epinephrine bitartrate as a
function of solution pH. Acidic conditions explored to promote stability. The results compared
epinephrine  bitartrate pH 3 buffer and epinephrine bitartrate pH 3 butfer, and found that the
epinephrine bitartrate pH § buffer was shightly favorable.

Referring to Figure §, this graph shows the mfluence of enhancers on permeation of
epinephrine, indicated as amount permeated as a function of ume. Multiple enhancers were
sereened, including Labrasol, capryvol 90, Plurel Oleique, Labrafil, TDM, SGDC, Gelucire 44714
and clove ol Sigmficant mimpact on time to onset and steady state flux was achieved, and
surprisingly enhanced permestion was achieved for clove oil and Labrasol.

Referring o Figure 6A and 6B, these graphs show the release of epmephrine on

polymer platforms and the effect of enbancers on 15 release, mdicated as amount permeated (in

ug) vs. time.  Figare 6A shows the epmephrme release from different polymer platforms

Figure 6B shows the impact of enhancers on epinephrine release.

Referring to Figure 7, this graph shows a pharmacolkinetic model in the male
Yuecatan, munature swine., The study compares & 0.3 mg Epipen, a 0.12 mg Epumephnine IV and
a placebo film.

Referring to Figure 8, this graphs shows the mmpact of no enhancer on the
concentration profiles of a 40 myg epinephrine film vs, a 0.3 myg Epipen.

Referring to Figure 9, this graph shows the impact of Enhagcer A (Labrasol) on the
concentration profifes of a 40 my epinephnne film vs, 8 0.3 mg Epipen. Referning  to Figure
19, this graph shows the unpact of Enhancer L {clove oil) on the concentration profiles of two 40
mg Epineplvine films (10-1-1Yand (11-1-1} vs. 2 0.3 mg Epipen,

Referring 1o Figare 11, This graph shows the impact of Enhancer L{clove ail} and
film dimension (10-1-1 thmner bigger film and 11-1-1 thucker smaller film) on the concentration

profiles of 40 mg Epinephrine films vs. a 0.3 mg Epipen.
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Refornng to Figure 12, this graph shows the concentratton profiles for varying doses
of Epmephrme films in & constant mairix for Enhancer L {clove o} vs. g 03 mg Eppen

Referning to Figure 13, the graph shows the concentration profiles for varving doses
of Epinephrine films in a constant matrix for Enhancer L {clove oil) vs. a 0.3 mg Epipen.

Reternng to Figure 14, the graph shows the concentration profiles for varying doses
of Epinephring films in a constant matrix for Enhancer A (Labrasol) vs. a 0.3 myg Epipen.

Referring to Figare 18, this graph shows the impact of Farmnesol and Famesol
combination with Lincleic Acid on plasma concentration profiles of 4¢ myg Epmephrine Filoys vs,
a 0.3 mg Epipen.

Referring to Figure 16, this graph shows the mmpact of Farmesol and Farmnesol m
combination with Linoleic Acid on plasma concentration profiles of 40 myg Epinephrine Filims vs.
a 0.3 mg Epipen.

Referring 1o Figure 17, this graph shows the impact of Farnesol in combination with
Lmoleic Aaid on plasma concentration profiles of 40 myg Epmephone Fibms vs. a 0.3 mg Epipen,

Referring to Figure 18, this praph shows the impact of Famesol and Farnesol
corbimnation with Linolerc Acid on plasma concentratton profiles of 40 myg Epinephrine Films vs.
a (.3 my Epipen. The followmg examples are provided to illusirate pharmaceutical
compositions, as well as, methods of makimg and usmg, pharmacentical compositions and

devices described berein.

EXAMPLES
Example 1
Permeation Enhancers - Epinephrine

Permeation enhancement was studied using a number of permeation enhancers with
Epmephrine Baartrate 1600 mgiml concentration.  The results show flux enhancement
represerted m the data below.  For 100% Eugenol and 100% Clove i, the results showed
steady state flux reached sigmficantly earhier along with an wnexpectedly heightened % flux

enhancement,
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Donoer Solution Average Permeability
{16.00mg/ml Steady State | % Flux

Epinephrine Bitartrate | Flux enhancement

+ enhancer) fug/oml¥min) Coefficient {cm/fs)
Epinephiine Bitartrate no

enhancer 1.3173 N/A 1.37E-06
3% Clove Qi 8.2704 327.84 S.01E-06
3% Clove Qi Repeat 83776 308.24 S.60E-06
3% Eugenol 71311 441,35 7 43E-06
3 o Fagenyl Acetate 1. 8945 43 32 § 9TE-06
3% B~Caryophvliene 3.5200 167,22 3.67E-00
03%Eugenol® 139738 L 20163 1 4 14E-06
100% Fugenol | 36 8432 2606 92 3 84508
0.3% Clove Oif® 3.6806 179,41 3.83E-06
100% Clove Qi ! 32.5304 3887 81 S47E-035
3% Phenol 4 5790 247.61 4. 7TE06
3% Phenol Repeat 4 1753 21697 4 33E-06

3% Linoleic Acid 2.1788 65,40 2.27E-06

3(}‘?;(»{,10\-1-: (i 2.5673 9489 2.67E-00
$.3% Labrasel 35221 167 38 367E-06
3% Vamliyl Alcohols

6% Fthanol 1,.10243 -16.31 1. 18E-06
3% Safrele 2.60634 97 86 2.71E-06
3% Oleic Acid 2.06597 56.84 2 15E-06
3% Oletc Acid + 1%

PEG200 273653 107,74 2.85E-06
3% Benzyl Alcohol 1.38455 5.1} 1. 44E-06
! steady state flux reached at much earlier time point

* £.3% Eugenol vs 0.3% Clove -similar flux rates to one ancther

For these examples,

obtained from clove ol from clove bud andior clove stem

clove oil was oblained from clove leaf

Stmilar results mav be

Based on this data, sinular

permeability evhancement results can be expected from pharmaceutical compounds structurally

similar {0 epinephrine.
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Example 2
General Permeation Procedure — Ex vive Permeation Study Protocol

In one example, a permeation procedure is conducted as follows. A temperature bath is
set 1o 37° €, and recerver media i1s placed in g water bath 1o adjust the temperature and begmn
degassing. A franz diffusion cell 1s obtammed and prepared. The franz diffusion cell includes a
donor compound, a donor chamber, a membrane, sampling port, receptor chamber, stir bar, and a
heater/cireulator. A stir bar 1s mserted into 8 franz diffusion cell, Tissue 1 placed over the franz
diffusion cell, and it is ensured that the tissue covers the entire area with an overlap onto a ylass
jomt, The top of a diffusion cell 15 placed over the issue, and the top of the cell w clamped to
the bottom. About 5 mL of receptor media s loaded into the receiver area to ensure that no air
bubbles are trapped in the received portion of the cell. This ensures that all SmbL can fit into the
receiver area. Sturmg 18 begun, and temperature 1s allowed to equilibrate for about 20 mimutes.
Megnwhile, High Performance Liqud Chromatography (HPLC) vials are labelled by cell
number and time pomi. One must then check agam for air bubbles as the yolution will degas
during heating.

If testing films, one can perform the followmg next steps {1) weigh films, punch o
match diffusion area {or smaller), reweigh, record pre- and post-punching weight; {2} wet a
donor area with approxumately 100 1L of phosphate buffer; (3} place filim on a donor surface, top
with 400 uL of phosphate buffer, and start timers.

For solutton studies, one can perform the followmg steps: (1) using ¢ mucropipetie,
dispense 300 ul. of the solution mto each donor cell, start the timers; (2) sample 200 ul. at the
following time pomts {fime = 0 mi, 20 mun, 40 min, 60 min, 120 mimn, 180 min, 240 mm 300
min, 360 mn), and place m labelled HPLC vials, ensure no air s trapped in the bottom of the
vial by tapping the closed vials: (3) replace each sample time with 200 L of receptor media {10
mamtamn 5 mbLy; {4y When all ome pomis completed, disassemble the cells and dispose of all

materials properly.

Example 3
Ex vivo Permeation Evaluation

An exemplary ex vivo permeation evaluation s as follows.
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. Tissue is freshly excised and shipped {e.g. overmight) at 4° O,

3

. The tissue is processed and frozen at -20" C for up to three weeks prior to use.

Lo

. The tissue is dermatomed to pracise thickness.

4. Approxamately 5 mL of recetving media is added to the receiving compartment. The
media 1s selected 1o ensure sink conditions.

3. The tissoe 1s placed in a franz diffusion cell, which includes a donor compound, a
donor chamber, a membrane, sampling port, receptor chamber, stir bar, and a
heater/cirenlator.

&, Approximately 0.5 mL of donor solution is apphed or 8 mm circular filim and wetted
with S00ul PBS buffer.

7. Samples are taken from the receiving chamber at given imtervals and replaced with
fresh media,

Example 4
Transbuceal delivery of doxepin

The following 15 an exemplary permeation study on the transbuccal debreery of doxepim
The studies were conducted under a protocol approved by the Animal Experimentation Ethics
Commuitee of the University of Barcelona {Spain) and the Commmites of Animal
Expenmentation of the regional autonomous government of Catalonia {Spain). Female pigs 3-4-
months~-old were wsed. The porcme buccal mucosa from the cheek region was excised
munediately after the pigs were sacrificed m the ammal facihty at Bellvitge Campuos {Unsversity
of Barcelona, Spain) using an overdose of sodiun thiopental anesthesia, The fresh buccal tissues
were transferred from the hospital to the laboratory m containers filled with Hank's solution. The
remaining tissue specunens were stored at -80° C in contamers with a PBS mixture contanung
4% atbumin and 10% DMSQ as crvoprotective agents.

For the permeation studies, the porcine buccal mucosa was cut to 500 +/- 50 jn thick
sheets, which contnbutes to the diffusional barner (Buccal bicadbesive drug debivery — A
promising option for orally less efficient drugs Sudhakar et al., Jowrna! of Controlled Release
P4 (20006) 15-40), using an electric dermatome {GA 630, Aesculap, Tutthngen, Genmany) and
trimmed with surgical scissors in adequate pieces. The majority of the underlying connective

tissue was removed with a scalpel,

43



WO 2017/192921 PCT/US2017/031167

Membranes were then mownted in specially designed membrane holders with a
permeation orifice diameter of 9 mm {diffusion area 0.636 ca’). Using the membrane holder,
each porcine buccal membrane was mounted between the donor (1.5 mL} and the receptor {6
ml) compartments with the epithelium side facing the donor chamber and the connective tissue
region facing the receiver of static Franz-type diffasion cells {(Vidra Foc Barcelona, Spam)
avoiding bubbles formation.

Infinite dose conditions were ensured by applying 100 ub. as donor solution of a saturated
doxepin solution mto the receptor chamber and sealed by Parafilm unmediately to prevent water
gvaporation. Priar to conducting the expeniments, the diffusion cells were incubated for 1 hina
water bath to equahize the temperatare in all cells {(37° +~ © (). Each cell contamed a small
Teflonl coated magnetic stiv bar which was used to ensure that the flusd m the receptor
compartment remained homogenous durmg the experiments,

Sink conditions were ensured in all experiments by butial testing of doxepin saturation
concentration m the receptor medum. Samples (300 ul) were drawn via syringe from the center
of the receptor compartment af pre-selected tme ntervals (0.1, 02,03, 07, 1,2, 3, 4, Sand 6 h)
for 6 h. The removed sample vohune was mmediately replaced with the same volume of fresh
receptor medium (PBS; pH 7.4) with great cave fo avord trapping aw beneath the membrane.
Additional details can be found in A. Gimemo, ef al. Transbuccal delivery of doxepm: Studies
on permeation and histological evaluation, International Journal of Phoarmaceytios 477 {2014},

6530-634, which 1s incorporated by reference heremn,

Example §
Oral oransmucosal delivery

Porcine oral mucosal tissue has similar histological charactenstics 1o human oral mucosal
tisspe (Heaney TG, Jones RS, Histological mvestigation of the mfluence of adult porcme
alveolar mucosal connective tissues on epithelial differentiation. drch Oral Biol 23 (1978) 713~
717, Squier CA, and Colling P, The relationslnp between soft tissue attachment, epithelial
downgrowth and surface porosity. Journal of Periodonral Research 16 (1981 434-440). Lesch ot
al. (The Permeability of Human Oval Mucosa and Skin to Water, J Dens Res 68 (9), 1345-1349,
1989} reported that the water permeability of porcine buccal mucosa was not significantly

different from human buccal mucosa but the Hoor of the mouth was more permeable in haman
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tissue than i pig tssue, Companisons between fresh porcine tissee specimens and those stored at
-R0° O revesled no significant effect on permeability as a result of freezing, Porcine buccal
mucosal absorption has been studied for a wide range of drug molecules both m vitro and 1 vivo
{see, e.g., Table 1 of M. Sattar, Oral wansmucosal drug delivery — current status and future
prospects, feternational Jowrnal of Pharmacentcs 471 (2014 498-306), which 15 incorporated
by reference herein. Typically, in vitro studies involve mounting excised porcing buccal tissue in
Ussing chambers, Franz cells or simnlar diffusion apparatus. The m vivo studies described in the

gel or composition to the buccal

P

hterature mvolve the application of the drug as a solution,
mucosa of pigs followed by plasma samphng

Nicolazzo et al (The Effect of Vanous m Vitre Conditions on the Pernmeabihity
Characteristics of the Buccal Mucosa, Journal of Pharmaceutical Sciences 92(12) (2002) 2399-
2410) mvestigated the effects of varions m vitro conditions on the permeability of poreine buccal
tissue using caffeine and cestradiol as model hvdrophilic and lipophilic molecules. Drug
permeation m the buccal mucosa was studied usig modified Ussing chambers. Comparative
permeation studies were performed through full thickness and epithehal tissues, fresh and frozen
tissues. Tissue mtegnity was monttored by the absorpuion of the fluorescein sothiocyanate
{FITClabeled dextran 20 kDa (FIDD20) and tissue viability was assessed using an MTT (3-{4.5-
dimethvlthigzol-2-v1}-2 S-diphenyltetrazohom  bronude) biochenucal assay and  histological
evaluation, Permeability through the buccal epitheliom was 1.8-fold greater for catfeine and
16.7-fold greater for oestradiol compared with full thickness buccal tissue. Flux values for both
compounds were comparable for fresh and frozen buccal epithelhen although histological
evaluation demonstrated signs of cellular death m frozen tissue. The tissue appeared o remain
viable for up to 12 b postmortem using the MTT viability assay which was also confirmed by
histological evaluation.

Kulhami et al. mvestigated the relative contributions of the epithehwm and connective
tissue to the barrier properties of porcme buccal tissue. In vitto permeation studies were
conducted with antipyrine, buspirone, bupivacaine and caffemme as model permeants. The
permeabiiity of the model diffusants across buccal mucosa with thickness of 250, 400, 508, 600,
and 700 um was determined. A bilayer membrane model was developed to delineate the relative
contribution to the barmer function of the epithelram and the connective tissue. The relative

contribution of the connective tissue region as a permeability barrier significantly mcreased with
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mcreasing mpcosal tissue thickvess. A mucosal tissue thickness of approximately 300 gm was
recommended by the authors for i vite transbuccal permeation studies as the epithelum
represented the major permeabulity barrier for all diffusants at thus thickness. The authors also
investigated the effects of a number of bivlogical and experimental vartables on the permeabibity
of the same group of model permeants m porcine buccal mucosa (Porcine buceal mucosa as m
vitro model: effect of biological and expenmental variables, Kulkarni et al., J Pharm Sci. 2010
SO(3%:1265-77). Significantly, higher permeability of the permeants was observed for the thiner
region behind the lip (170-220 um} compared with the thicker cheek {(230-280 pum) region.
Porcine buccal mucosa retamed its tegrity in Kreb's bicarbonate ringer solution at 4 °C for 24
h. Heat treatment to separate the epitheliom from underiying comnnective tissue did not adversely
atfect s permeability and wtegrity charactenstics compared with surgical separation.

Additional details can be found at ML Sattar, Oral fransmucosal drug delivery - current
status and fature prospecis, Infernationad Jowrnal of Pharmacewtios 471 {2014) 498-506, which

1s meorporated by reference herewn.

Example 6
Cryopreservation of buccal mucosa

Different areas of porcmne buccal mucosa have different patiern of permeabiliy, there 13
significantly higher permeability in the repion behind the lips i comparison to cheek region,
becasse in porcine buccal mucosa, the epithelium acts as a permesbility barrier, and the
thickness of the cheek epithelium is greater than that of the region behind the hps (Haris and
Robinson, 1992). In exemplary permeation studies, the fresh or frozen porcine buccal mycosa
from the same area was cut to 300 + 50 wm thick sheeis. which contributes to the diffusional
barrier (Sudhakar et al., 20006), were obtained using an electric dermatome {model GA 630,
Aesculap, Tutthingen, Germuany) and timmed with swrpical scissors m adegoate pteces. All
devices utilized were previously stertlized. The majority of the underlying connective tissue was
removed with a scalpel. Membrapes were then mownted 1n specially dessgned membrane holders
with a permeation orifice diameter of 9 num (diffusion area 0.63 cm’). Using the membrane
holder, each porcine buccal membrane was mouvnted between the donor (1.5 mi) and the
receptor (& mL} compartments with the epithelium facing the donor chamber and the connective

tissue regwon facing the recetver of static Franz-type diffusion cells (Vidra Foc, Barcelona,
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Spain) avowding bubbles formation. Expenments were performed using PP, which has hipophilic
charactenistics (logP = 1,167 n-octanol/PBS, pHl 7.4}, ronisable (pka = 9.50) and & MW= 2393
g/mol, as a model drog (Modamio et al., 2000}

Infinite dose conditions were ensured by applving 300 ul. as a donor solution of a
saturated solution of PP {0 = 588005 £ 3852 pg/ml at 37° = 1°C, n = 6}, 1n PBS {(pH 7.4) mio
the receptor chamber and sealed by Parafilm immediately to prevent water evaporation.

Prior to conducting the experiments, the diffusion cells were incobated for 1 h in 8 water
bath to equilibrate the temperature m all cells 37° & 1 €}, Each cell contammed a small Teflon
coated magnetic stir bar which was used to enswe that the flud m the receptor compartment
remamed homogenous durmg the experiments. Smk conditions were ensured in all experiments
after mitial testing of PP saturation concentration in the receptor medium.

Samples (300 ul.) were drawn via syringe from the center of the receptor compartment at
the following time intervals: 0.25, 0.5, 1, 2, 3, 4, 5 and 6 k. The removed sample volume was
mmmedistely replaced with the same volume of fresh receptor mednum (PBS; pH 7,43 with great
care to aveid trapping air beneath the dermis. Cumulative amounts of the drug {ug) penetrating
the unit surface avea of the mucoss membrane (o) were corrected for sample removal and
plotted versus time (h). The diffusion experiments were camed out 27 times {or the fresh and 22
times for the frozen buccal mucosa.

Additional details can be found at 8. Amores, An improved eryopreservation method for
porcine buceal mucosa i ex vivo drug permeation studies using Franz diffusion cells, Ewropean

Jowrnal of Pharmaceutical Sciences 60 (2014} 49-54,

Example 7
Permeation of quinine acrosy sublingual mucesa sections

Smce porcine and haman oral membranes are similar 1 composition, structwre and
permeability measurements, porcine oral mucosa i a suitable model for human oral mucosa.
Permeability across the porcine oral mucosa 3 pot metabolically linked therefore i 13 not
mportant for the tissue to be viable.

To prepare the porcine membranes, porcme floor of mouth and ventral {underside)
tongue mucosa membranes were excised by blunt dissection using a scalpel. The excizsed mucosa

were cut into approxamately 1 om squoares and frozen on aluminium feil at —20°C until used (<2
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weeks). For non-frozen ventral surface of porcine tongae, the mucosa was used in the permeation
studies within 3 h of excision,

The permeabibity of the membranes to guinine was determined using all-glass Franz
diffusion cells with a nominal receptor volume of 3.6mL and diffusional area of 0.2 am”. The
cell flanges were greased with high performance vacuum grease and the membranes mounted
between the receptor and donor compartments, with the mucosal surface uppermost. Clamps
were used to hold the membranes into position before the receptor compartments were filled with
degassed phosphate buffered saline (PBS), pH 7.4, Micromagaetic sturer bars were added to the
receptor compartments and the complete cells were placed m a water bath at 37°C. The
membranes were equilibrated with PBS apphied to the donor compartments for 20 mun before
bewmg aspirated with a pipetie. Aliguots of § yl. of the guinine solution or 100 pl of the satarated
solations of (Q72-HP-B-CD complex i different velucles were apphied {0 each of the donor
compartments. Tn the study to determine the effect of saliva on the penmeation of quinine across
the ventral surface of the tongue, 100 pL of stenile saliva was added to the donor compartments
before adding 5 ul. of the quinme solution.

At 2,4, 6, 8, 10 and 12 h, the receptor phases were withdrawn from the sampling ports
and aliguots of {ml samples were transferred to HPLC autosampler vials, before bemng replaced
with fresh PBS stored at 37°C. Apart from the studies wvolving QFR2-HP-B-UD saturated
sohitions {where an mfinite dose was applied at the start of the experimenis), 5 gl of the
respective quinine solution was reapplied to the donor phase up 1o 10 h. The purpose of this was
to represent a hypothetical m-use himte dosing regimen based upon an mterval of 2 b between
dosas. At least 3 replicates were carried out for each study.

Additional details can be found at €. Ong, Permeation of quoune across subhngual

mucosa, i vitro, fternational Journal of Pharmaceutics 366 (2009} 58-64.
Example 8
Ex~Vive Initial Study — Ferm of the AP

In this example, the permeation of Epinephrine Base was tested — solobulized mn situ vs.
the inherently soluble Epinephrine Biarirate and no differences were found.  Epinephrine
Bitartrate was selected for further development based on ease of processing. Flux was derived as

slope of the amount permeated as a function of time.  Steady state Hax extrapolated from the
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plateau of Hux vs fime corve mulaphied by the volume of recetver media. The graph i Figure
2A shows average amount permeated vs, ime, with 8.00 mg/mi. Epinephrine buartrate and 4.4
mg/mi. Epmephrine base solubthized.  The graph m Figure 2B shows average flux vs. tnne,

with 8.00 mg/ml Epmephrine bitartrate and 4.4 mg/ml Epinephrine base solubilized.

Average Steady State

Donor Soelution Frux {ugfem2* mir)

Epinephrine Bese {tonc &.dmgifmi} 4512
Epinephrine Bitartrate {oore 8 00mgfmdd | G 486

Example 9
Conceniration dependence on permeation/flux

In this study, ex~vive permeation of Eptnephrine Buartrate as a function of concentration
was studied. Figure 3 shows ex-vive permeation of epinephrine bitastrate as a function of
concentration. The study compared concentrations of 4 mg/mb, 8 mg/ml, 16 mg/mL and 100
myg/mi. Resulis showed that increasing concentration resulted in increased permeation, and
level of enbancement diminishes at hizher loading. The study compared concentrations of 4

mgimbl, 8 mg/ml, 16 mgfml and 100 mg/ml.

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' Average Steady |
Ponor Solution State Flux
{uglem? *raing
Epinephrine Bitartrate feoncdmpdmiy 1 0167
Epinephrine Bitartrate foone Smgfmi) 458
Epinepluing Bitartrats {cons Lemgimi}® 1.337
Eptraphring BRartrate {none 100me/fmi 2.542
, . Ratio of Theorstical
Donor Solution , ,
snhancement lenhancement
naphrine Bitartrate {4 .00mg/mi) NiA NFR "

)
< e

]

Cuinephyine Bitartrats {100.00mgfmi} 17.8 25

Example 18
Influence of pH
In this example, the permeation of Epinephrine Bitartrate as a function of solution pH

was studied. In this example, acidic condittons were explored for the ability to promote stability.
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The resolts showed that pH 5 was slightly more favorable as compared to pH 3. The inherent pH
of epinephrine bitarirate i solution in the concentration ranges explored is 4.5-5. No pH
adjustment with buffers was required.

Figure 4 shows permeation of epinephrine bitartrate as a function of solution pH. Aadic
conditions were explored fo promote stabibity. The results compared Epmephrine Bitarivate pH 3
buffer and Epinephrine Bitartrate pH 3 buffer, and found that the Epmephrine Bitartrate pH 5

buffer was slightly favorable.
Example 11
Influence of cuhancers on permeation of epinephrine

i this example, the permeation of epmephrine to test for transmucosal delivery was
studied as the amount permeated (ug) vs. time (in mimites). The following enhancers were
screened for concentration effects m a solution contatning 16,00 mg/mi. Epmephrme. The graph

on Figure 5 demonstrates the results of these enhancers as a function of time.
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, Enhancer Average Steady State Flux Percent
Legend it
{uglem2min} Enhancement
e None -
No Enhancer 1.317 N/A
3% Labrasol
Caprylocaproy! polyoxyl-&
Enhancer A ghveerides 5,208 393
3% Propylene plyveol
Enhancer B monocaprylate 2488 181
Enhancer C 3% Polyglycervi-3 oleate 1482 112
3% Oleoyl polyoxyl-6
Enhancer D glyvcerides 4.281 21
.. o 3% TDM 4
Enhancer £ 2.642 201
_‘ ‘ 3% SGDC “ )
Enhancer F (3.342 26
3% Laurov] polyoxyvl-32
Enhancer G siveerides 1.641 25
. , 3% Ethanol -
Enhancer H 0.163 12
. . 6% Ethanol
Enhancer i (.254 19
6% Labrasol
Caprvlocaprovi polyoxyi-8
Enhancer J slveerides 4 444 337
6% Polvglveeryl-3 oleate
Enhancer K 0.306 23
3% clove oil s .
Exhancer L 8216 624

Enhancers were selected and designed with functionglty influencing different barviers i

the mucosa. Whale all tested enhancers did improve the amout permeated over tume, clove od
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and Labrasol, i particudar have shown sigmificantly and unexpectedly high enhancement of

permeation.
,. set2 {AB.0) std devset | set2 {DEF) steady
Time average 1 std dev state
\ 2 amount average flux
{min} amount orm {g/em2*min) set 2 flux
permeaied P HEfCme TR average
30 0 0 0 0
45 2.5 1 433012702 0260416667 | 0.4510549 | 1.3172724
8.00mg/0.500mi 850 5.5 7.08872344 0.3125 0.312%
40mg/ strip 1201 31.33333333 | 261549868 | Q672743056 | Q.5050226
no enhancer 120 | 72.66666667 | 582158341 1076388889 | 0.8496863
240 | 1121666667 | 80.1873004 1 1.028645833 | 0.5733604
300 | 160.1666667 | 103.2543943 1.25 | 0.6036108
360 1 213.3333333 | 131.305306 1.384548611 { 0.7308311
set 1T{A,8,(} <teady
- average std devset | set1{A, B,C} ‘ , ¥
Time e S , Ny sid dev state
. amount I amount average Hux
{min} \ set 1 flux
permeated | perm {ngfem2¥min}
average
{ug) '
3 0 0 0 0
30 0.5 086602541 0026041667 | 0.0451055 | 5.208333
8.00mg/0.500ml 45 | 2.666666667 | D.2BR67513 1 0225894444 | 0.0601407
A0mg/ strip 60 41 180277564 1 0138888889 | 0.1674245
Labrasol 120 28 1 16.3935963 0.625 | 0.3836177
180 g3 | 53.3251665 1822816667 | 0.9701178
240 | 238.1666667 | 93.0017921 1 36501736111 1.136722
300 | 421.1666667 | 115,153521 4,765625 | 0.6675003
360 | 63B.I6666ET | 130.708821 5651041667 | 0.4732495
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8.00mg/0.500mlL
J0mg fstrip
capryol 80

8.00me/0.500mL
40mg/strip
piural oleigue

8.00mg/0.500mi.
A0mg/fstrip
TOM

PCT/US2017/031167
) set 2 {AB,C) std dev set | set 2 {D,EF} steady
fime average 2amount | average flux std dev state
{rnin} amount , . set 2 flux
perm {ug/mi*min} ,
permeated average
O 0 O O 4]
30 0.00 Y O Q
45 0.00 & g 0§ 1931424
60 0.00 G G ]
120 9.17 | 5. 78511288 | 0.238715278 | 0.1509144
1580 38.67 | 167655401 | G.768229167 | 0.2864583
240 88.50 | 302654819 | 1.297743056 | 04018216
300 150067 | 39.6836183 | 1.618923611 | 0.3268068
360 236,83 | 51.9358579 | 2243973611 | 0.4989616
. set 2{AB.C) | god devset | set2 (DEF) sgead“
TE me average 2 amount | average flux std dev state
{mdn) amount . st 2 flug
perm {pg/mi¥min} ‘
permeated average
0 0.8 | 1.78885438 ¢ ¢
30 10,80 | 13325727 | 0.520833333 | 0.7186273
45 20.90 | 22.1624683 | 1.052083333 | 0.9356173 | 1.481771
&0 33.04 | 30.8058436 | 1.2604186667 | 0.93139861
120 9070 | 6819851245 | 1502604167 | 1.005753
180 152,00 | 1067.373763 1.7265625 | 1.0427891
240 23930 | 140.586539 2.15625 | 1.2085%05%
300 285.60 | 184236397 | 1.192708333 | 1.484335
360 35360 | 221.81676 | 17708333331 09393644
. set Z{ABC) | crd devset | set2 (DEF) , steady
Time BVEIAEE | 2 amount | average flux std dev state
{min amount D set 2 flux
perm {ig/mL*min}
permeated average
Q 0.00 0.00 8.00 4.00
20 0.00 .00 0.00 4.00
40 3.00 2.43 0.23 9.32 | 2.642144
60 8.83 4,86 0.46 .35
120 41.33 15.08 0.85 0.49
180 99,75 3017 152 .79
244 179.92 4830 2.08 .98
300 27692 72.35 2.53 1.19
360 382.83 102.02 2.78 1.38

53




WO 2017/192921

8.00mg/0.500mlL
J0mg fstrip
SGDRC

8.00me/0.500mL
40mg/strip
fabrafil

8.00mg/0.500mi.
A0mg/fstrip
Gelucire 44/14

PCT/US2017/031167
) set 2 {AB,C) std dev set | set 2 {D,EF} steady
Time Average 2amount | average flux std dev state
{rnin} amount , . set 2 flux
perm {ug/mi*min} ,
permeated average
O 0 O O 4]
30 0.00 Y O Q
45 0.67 | 1.30334048 | 0.068444444 | 0.1261521 | 0341797
60 1.58 | 1.34935887 | 0.095485111 | 01063147
120 .00 | @44325156 | 0141059028 | 0.1910856
1580 16,17 | 22.0323826 | Q238715278 | 0.316132
240 2858 | 37.6191441 | D.323350684 | 03877148
300 43.00 | 54.38927844 | {0.37%434028 | 04112124
360 54,83 | 657976063 | 0308158722 | 0.3008536
. set 2{AB.C) | god devset | set2 (DEF) steady
TE me average 2 amount | average flux std dev state
{mdn) amount . st 2 flux
perm {pg/mi¥min}
permeated average
0 0.8 | 115108644 G 0
30 1.16 | 151657509 0.015625 | 0.0232924
45 1.10 | 151657509 O 01028125
&0 1101 151657509 g 0
120 4,00 | 489897948 | Q075520833 | 0.0984775
180 9,10 | 169167303 01328125 { 0.1671035
240 15.20 | 18.7169709 | 0.158854167 | 0.20347353
300 2270 | 29.8487856 0.2734375 | D 2910081
360 368G | 43.30093523 0.28580625 | 0.3532943
- set 2{ABC) | ed devset | set2 {D.EF) steady
Time average 2amount | average flux std dev state
{min amount , set 2 Hux
perm {ug/mi¥min}
permeated average
Q g 0 O G
20 .33 | .88442718 | Q.026041667 | 00637888
40 3,83 | 594138031 0.2734375 1 Q378725 | 1.629774
60 11.50 | 17,1850225 | 0.59885%8333 | 0.8405853
120 41.58 | 485059275 | 0.783420139 | 0.804279%4
180 91,92 | 825124233 ) 1310763888 | 0.9525224
240 150.17 | 118949569 | 1.516927083 | 0.99145876
300 217.50 1 158.792847 | 1.753472222 | 1.0756081
360 27533 | 189987563 | 1.506076389 | 0.9083155
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set 2 {A,B,C) steady
Time | average std dev set | set 2 {D.EF} state
{min} | amount 2amount | average flux std dey flux
permeated perm {pgfemZ¥min} | set2 average
4] 0 4] 0 0
20 Q 0 g 4]
8.00mg/0.500mlL 40§ 28.66660667 | 27.360251 1 2339583333 | 2.1375196 | 8.270359
A0mg/strip 60 96.5 | 79.5424415 1 5299479167 | 4.0054R18
clove ol 120 | 3896666667 | 2780725331 7.634548611 | 5.2070528
180 | 038.6066667 | 451.678628 1 7.786458333 | 4.5210426
240 | 1009166667 | 603,252089 1 8.346354167 | 2.9580828
300 13335 | 759.653046 | 8.446180556 | 41168559
360 1 1644.333333 8782762 1 8.094061805%6 | 3,2301203

. set2{AB,C) std dev set | set2 {D,EF) steady

Time average std devy state

. 2 amount average flux

{rnin} amount orm It mi set 2 flux

permeated 9 (ua/ml*min) average

8.00mge/0.500mb G 0 & & 0
40mg/strip 20 0 Y 0 013161892
3% Labrasol
+1%TDM 40 1 1,666666667 | 2.88675135 | 0.130208333 | 0.2255274

B0 | £6.833333333 | 118356805 1 0.403645833 | 0.6991351
120 | BB.B3333333 | 82.6007942 1 1.614583333 | 2.1084505
180 | 103.6666667 | 101.538812 | 0.207118056 | 0.3351021
240 180 | 130.184484 | 1887847222 | 0.7476876
300 29151 14981572 1 2.903645833 1 0.5133664
360 | 422.83333233 | 164.032263 | 3.420138889 | 0.5530817

Example 12
Impact of enhancers on epinephrine release

Release profiles of epiphrine were studied to deternume the tmpact of enhancers {Labrasol
and clove oil) on epinephrine release.  Figure 6A shows the epinephrine release from differam
pobymer platforms,  Figave 6B shows the mmpact of enbancers on epinephrine release. The
results showed that the amount permeated leveled off after about 40 minutes to be between
approximately 3250 and 4250 yg. The tested enhancers were shown not to restrict the release of

epmephrine from the matrix.
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Example 13
Aceelerated stability

The stabihizer loading variants were tested.

Formulation 10 with | Formulation 10 with
Formulation 10 0.25% Stabilizer 1% Stabilizer
Time {(weeks) @
40°CI75% R.H. EPl mg/Hilm EPI mg/ffilm EPI mg/film
0 39.3 37.9 38.3
2 35.2 36.8 34.7
4 38.2 36.8 36.2
8 377 35.6 35.1
12 36.1 354 351

Example 14
Impact of Enhancer

A pharmacokinetic model in the male Yucatan, miniature swine was studied. The graph
on Figure 7 shows the results of a pharmacokinetic model m the male Yucatan, miniature swine.
The study compares 8 0.3 myg Epipen, 2 0.12 myg Epnephnine I'V and a placebo,

The mmpact of no ephancer 18 shown m Figure 8 on the concentration profiles of a 0.3 mg
Epipen gnd a 40 mg Epinephrine film with no enhancer

The nmpact of enhancer 3% Labrasol 1s shown in Figure 9, which shows the impact of
Enhancer A {Labrasol) on the concentration profiles of a 40 mg Epineplrine film vs. a 03 mg
Epipen. Figure 10 shows the impact of Enhancer L {clove oil} on the concentration profiles of
two 40 myg Epmephone Dlms (10-1-1) and (11-1-1) vs. a 0.3 myg Epipen.

{n addition, the miluence of hlm dunensions and nopact of clove oil (3% is also shown
i Figure 11, This study was carrted out comparing (.30 mg EpiPen {(n=4), a 40 nmig Epinephrine
Film (10-1-1) (n=35) and g 40 myg Epinephrine Film (11-1-1) (o=5). The concentration vs, tune

profiles followed subligual or mtramuscular epmephrme adnumstration to male mmature swine.
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Studies were performed to vary the ratio of ephinephrine to an enhancer. These studies
were also concentration vs. tme profiles following subbigual or imtramuscelar epinephrine
admiistration to male muniature swine. Varying the ratio of Epinephrine to clove oil (Enhancer
LY produced the results shown in Figure 12, This study was carried out comparing 0.30 mg
EpiPen {n=4), a 40 myg Epmephrine Film (12-1-1) {(n=5} and 4 20 mg Epmephrine Film (13-1-1)

{r=3),

Example 15

A varving dose was camried out in constant matrix with enhancer Labrasol (3% and clove
ol {3%) are shown m Figures 13 and 14 respectively. The study m Figare 13 was carned out
companng 0.30 mg EpiPen (n=4), a 40 mg Epinephrine Film (18-1-1) {(»=5) and a 30 mg
Epmephrine Film (20-1-1) (n=3), The study m Figure 14 was camed out comparing .30 mg
EpiPen (n=4}, a 40 mg Epmephrme Fidlm (19-1-1} (p=3} and a 30 mg Epinephrine Film 21-1-1)
(=5}, These studies were also concentration vs. time profiles following subligual or

miramuscuiar epanephrime adminisiration to male miniature swine.

Example 16

A pharmacokinetic model 1n the male minigture swine was studied to determine the
impact of an enhancer {farnesol) on epinephrine concentration over tune. The graph on Figure
15 shows the epinephrine plasma concentration {in ng/ml) as a function of time {in minutes)
following sublingual or mtramuscudar adnunistration of a famesol permeation enhancer. This
study compares a 0.3 mg Epipen (=3}, a 30 mg Epmephrine Fibm 31-1-1 (n=5) and a 30 mg
Epmephrine Film 32-1-1 {8=3) cach Epinephrineg Film bemg formulated with a famesol
enhancer.  As shown m this figwre, the 31-1-1 {film demonstraies enhanced stabiity of
gpingphrine concentration starting at about 30-40 minutes until approximately 130 minutes.

The graph i Figure 16 15 taken from the same stady as Figure 17, but shows exclosively
the data polnts companng the 0.3 mg Epipen against the 30 mg Epinepluine Film 31-1~1 {8=5),

The graph m Figure 17 15 taken from the same study as Frgure 17, but shows exchusively
the data ponts comparing the 0.3 mg Epipen aganst the 30 mg Epmephime Film 32-1-1 (=5},
Example 17

Referring to Figure 18, this graph shows a pharmacokinetic model in the male miniature

swine was studied to determine the mmpact of an enhancer (famesol} on epinepluine
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concentration over time following sublinpual or mtramuscular administeation. The epinepbrine
plasma concentration {In ng/mL) s shown as a funchion of thue {In minutes) following
sublingual or itramusculay administration of a farnesol permeation enhancer i Epinephrine
films. The study compared data from three 0.3 mg Epipens agamst five 30 myg Epinephrive films
{32-1-1}. The data shows the Epmephrme Hlms film having enhanced stability of epinephrine
concentration starting at about 20-30 minutes until approximately 130 mimates.
Example 18

In one embodunent, an epmephrine pharmaceutical composition film can be made

with the following formulation:

Formulation A

MATERIAL WT % dry WT % wet mg/Strip
EPINEPHRINE bitartrate 46.40 1856 54.56
hvdroxypropylmethyi cellulose 1134 4.61 13.57
polyvinyl pyrrolidone 27.92 1117 3284
Glycerol monooleate 0.58 023 0.68
Polyethviene Oxide .16 0.46 136
Polysorbate {1.38 .23 {3.68
Phytoextract 9.98 399 8.97
Stabilizer 012 0.0S 0.14
Buffer 0.58 0.23 (.68
Artihicral sweetener 116 .46 1.36
Linoleic acid 0.0037 {3.00 .00
Farnesol

Yellow # 3

TOTAL 189.00 30,040 115.84
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Example 19

An epinephrine pharmacentical film compositions was made with the following

formulation:

PCT/US2017/031167

Formulation B

MATERIAL WT % dry WT % wet meg/Strip
EPINEPHRINE bitarirate 4617 18.47 5429
Hydroxypropylmethyl cellulose 11.48 4.39 13.50
Polyvmyl pyrrohdone 27.78 1111 32.67
Glyveerol monooleate 0.58 0.23 0.68
Polyvethylene Oxide 115 0.46 1.35
Polysorbate 0.58 0.23 0.68
Phytoextract 9.93 397 892
Stabilizer 012 0.05 0.14
Buffer 0.58 0.23 .68
Artificial sweetener 115 {46 138
Linoleic acid .50 (.26 .59
Farnesol

Yellow £ 5§

TOTAL 180.00 4000 115.85
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Example 20

In another embodmment, pharmacentical film compositions were made with the

following formulation:

PCT/US2017/031167

Formulation €

MATERIAL WT % dey WT % wet mg/Sirip
EPINEPHRINE bitartrate 4635 18.54 34 51
Hydroxypropylmethyl cellulose F1.53 4.61 13.55
Polyviyl pyrrolidone 27.90 11.16 3280
Glyveerol monooleate 0.58 0.23 0.68
Polyethviene oxide 1.16 0.46 1.36
Polysorbate 0.58 0.23 .68
Phvioextract 9.97 399 89.96
Stabulizer .12 0.05 0.14
Buffer 0.58 0.23 (.68
Artificial sweetener 116 0.46 136
Linoleic acid
Parnesol 010 0.04 8.06
Yellow £ 5§
TOTAL 180.00 40.00 115,78

Example 21

In another embodiment, pharmaceutical film compositions were made with the

following formulation:

&0
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Formulation D

MATERIAL WT % dry WT % wet mg/Strip
EPINEPHRINE bitartrate 46,07 18.43 3452
Hydroxypropyimethyl cellulose 11.46 4,338 13.50
Polvviny pyrrohidone 27.73 11.09 32.81
Glycerol monooleate 0.57 .23 0.68
Polvethylene oxide 1.1s 0.46 1.36
Polysorbate 0.57 0.23 0.68
Phvioextract 991 396 8.96
Stabilizer 011 3,05 .14
Bufler 0.57 0.23 .68
Artificial sweetener .15 0.46 1.36
Linolec acid 0.10 0.04 .06
Farnesol 0.50 0.20 0.29
Yellow & 3 0.10 0.04 (.06
TOTAL 106.00 40.00 116.16
Example 22

Referring to Figare 19, this graph shows a pharmacokinetic model (loganthmic
scale} mn the male mimature swine studied to determine the smpact of an enhancer {6% clove ol
and 6% Labrasol) on epinephrine plasma concentration over thue followimg sublingual or
mtramuscular administration. The epmephrine plasina concentration {in ng/ml) is shown as a
function of time {m mmutes) followmg subhingual or intramuscular admmistration of a farnesol
permeation enhancer m Epmephnne films. The data shows the Epinephrine films film having

enhanced stability of epiephrine concentration starting at just after the 10 minute tme point

through about 30 nunutes, and antl approximately 100 minutes.

&l
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Refornng to Figure 20, this graph shows a pharmacokinetic model of the Epinephrine
film formulatton 1 the male miniature swine a8 referenced in Figure 19 compared agamst the
average data collected from a 0.3 my Epipen {Indicated m dimmnond data points). As the data
indicates, the average plasma concentration for the 0.3 myg Epipen peaked between 0.5 and 1
ng/ml. By contrast, the Epmephnae film formalation peaked between 4 and 4.5 ng/ml.
Example 23

Referring to Figare 21, this graph shows a pharmacokinetic model in the male
minature swine studied to deternune the mpact of an enhancer (9% clove + 3% Labrasol) on
epinephring concentration over time followmng sublmgual or intramuscular admanistration across
7 ammal models. The general peak concentration was achieved between 10-30 mutes.

All references cited herein are hereby incorporated by reference herein in their entirety.

Other embodiments are within the scope of the followmg claims.
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What 1s clarmed 1s:

1. A pharmaceutical composition, comprising:
a polvieric matrix;
pharmaceutically active compeonent including epineplwine i1 the polymeric matrix; and

an adrenergic receptor wteracter.

2. The pharmaceutical composition of claim 1, further comprising a permeation enhancer.

3. The pharmaceuntical composition according to clamm 1, wheremn the composition is a film
further comprising g polymeric matrix, the pharmaceutically active component being contammed

inn the polvmeric matrix.

4, The pharmaceutical composition according to clatm 2, wherein the permeation enhancer

mcludes g phenylpropanoeid.

3. 'The pharmaceutical composition sccording to claim 2, wheremn the permeation enhancer

meludes farnesol.

6. The pharmaceutical composition according to claim 2, wherein the permeation enhancer
mctudes Labrasol.
7. The pharmaceutical composition according to claim 2, wherein the permeation enhancer

inchudes linoleie acid.

8. The pharmaceutical composition according to claim 1, wherein the pharowaceutical

composttion 13 a film further comprising a polymenc matnx, the pharmaceutically active

component being contained m the polymeric mairix.
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¢, The pharmaceutical composiion according to claim 1, wheremn the pharmaceutical

composition 18 a chewable or gelatin based dosage form, spray, gum, gel, cream, tablet, hquid or
film.

10, The phanmacentical composthon accordmg to clamm 4, wheremn the phenylpropanod 1s

eugenol.

i1, The pharmaceutical composittion according to claun 4, wheremn the phenvipropanoid s

gugenol acetate.

12, The pharmacentical composition according to claim 4, wherem the phenylpropanoid is a

gcinnamic acid.

13, The pharmaceutical composition according to claim 4, wherem the phenylpropanoid 15 a

cinhamic acd ester.

{4, The pharmaceutical composition according to claim 4, wherem the phenylpropanoid 1s a

cinnamic aldehyde.

15, The pharmacentical composition according to claim 4, wherem the phenyipropancid is a

hydrocmnanic acud,

16, The pharmacentical composition accordmg to claim 4, wherein the phenvipropanoid s

chavicol

17, The pharmaceutical compositon according to claim 4, wherem the phenylpropanod s

safrole.

18 The phamacentical composition according fo claim 1, wherein the adrenergic receptor

mteracter 13 a phytoexiract.
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19, The pharmaceatical composiiion according {0 clamm I8, wherein the phytoexiract further

melndes an essential oil extract of 2 ¢love plant.

20, The pharmaceutical composition according to claim 18, wheremn the

mcludes an essential oil extract of a leat of 4 clove plant.

21, The pharmaceutical composition according to claim 18, wheremn the

mchudes an essential o1l extract of a flower bud of a clove plant.

22, The pharmaceutical composition according to claim 18, wherem the

inctudes an essential oil extract of a stem of a clove plant.

23, The pharmaceutical composition according to clawm 18, wherein

synthetic or brosynthetic,

24, The pharmacenncal composition gecordmg to claim 18, wherein the

mcludes 40-93% supenol.

25, The pharmaceutical composition according to claim 18, wherein the

mchides 80-95% engenol.

26. The pharmacentical composition according to clamm 1, wherein the

mteracter mcludes a terpenod.

nteracter meludes a terpene.

28. The pharmaceutical composition according o claim 1, wherein the

miteracter includes a sesquiterpensg.

&5

phytoexiract further

phytoexiract further

phvtoextract further

the phytoextract is

phytoexivact further

phytoextract further

adrenergic receptor

The pharmacentical composition according to clann 1, wherein the adrenergic receptor

adrenergic receptoy
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29. The pharmaceutical composition according to clatm 1, wheresn the polymer matix includes a
polvmer.

30, The pharmaceutical composition according to claim 29, wherein the polymer is a water

soluble polvmer.

31, The pharmaceutical composition according to claim 29, wherein the polymer includes a

polvethyviene oxide.

30 The pharmaceutical composiiion according to elayim 29 wherein the polymer meludes a
cellulosic polvmer s selected from the group of hydroxvpropylmethvl cellulose, hydroxyethyl
celhilose,  hvdroxvethylmethyl  cellulose, hydroxyvpropyl  cellulose, methyleellulose and

carboxymetind cellulose.

31, The phammaceutical composition according 1o claim 29, wherein the polvmenic matnx

coraprises hvdroxypropyl methylesllulose.

32, The pharmaceutical composstion accordmg any to claim 29, wheremn the polymeric matrix
comprises a celhdosic polvmer, polyethvlene oxide and polyvinyl pyrrolidone, polyethylene
oxide and a polvsacchande, polyethvlene oxide, hvdroxvpropyl methyvicellulose and a
polvsacchande, or polvethyvlene oxide, hydvoxypropyl methvicellulose, polysacchande and

polyvinyipyrrohidone.

33, The pharmaceutical composition according 1o claim 29, wherein the polymeric matnix
comprises at least one polvmer selected from the grouwp of  pullndan, polyvinyl pyrrolidone,
pobyvinvt alcohol, sodiom alginate, polvethylene glveol, xanthan gum, tragancanth gum, puar
gum, acacia gum, arabic gum, polvacrylic acid, methylmethacrylate copolvmer, carboxyvinyl
copolymers, starch, gelatin, ethvlene oxide-propviene oxide co-polymers, collagen, albumin,

poly-amino acids, polyphosphazenes, polysaccharides, chitin, chitosan, and derivatives thereof.

34, The pharmaceutical composiion according to claim 1, further comprising a stalulizer.

&6
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35, The pharmaceutical composition according to claim 29, wherein the polymeric matnix

comprises a dendritic polymer.

36. The pharmacestical composition according to clamm 29, wherem the polymernic matnx
comprises a hyperbranched polvmer.
37, A method of making a pharmaceutical composition comprising:
combiing an adrenergic receptor mteracter with a pharmaceutically active component
mchidme eprinephrine and
forming a phanwaceutical composition wcluding the adrenergic receptor mtergcter and
the pharmaceutically active component.
38, A device comprising
a housmg that holds an amount of & pharmacentical composition, comprising:
a polymens mamix;
a pharmaceutically active component mchudmg epmephrime m the polymerc
matrix; and

a phenylpropancid andior a phytoextract; and

an openmg that dispenses a predetermined amount of the pharmacestical

composition,
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Ex-Vivo Permeation of Epinephrine Bitartrate
as a Function of Concentration
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