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TITLE  OF  THE INVENTION, PHARMACEUTICAL  FORMULATION TOR
SUBLINGUAL OR BUCCAL BELIVERY OF EPINEPHRINE

Field of the Invention:

HEEDY The present invention relates to pharmaceutical compositions for the treatment
of anaphylaxis formulated for rapid sublingual or buccal delivery, i e, compounds that
dissolves in the oral cavily, In one smbodiment, the debivery vehicle is a rapidiy dissolving
film. The filns contain an epineplrine, or 2 novel epineplwing pro-drog formulated for the
rapid delivery of the drog to 8 patient in need of treatment, such as for example, 8 patient in

need of treatment for anaphylaxis.

Description of Relpted Art Including Infonmation

18682} Epinephrine is considered the primary choice for the ireatment of
anaphylaxis which 1s a life threatening allergic resciion that might lead to death f
unireated especially i children. A study reported that one in every 10,000 children
has an anaphylactic attack per vear. Epinephrine v the drug of choke for the
iregtment of snaphyvlactic shock inm children and adults, It is highly soluble in water,
highly hydrophilic {Jog P -0.68) and can be oxidized readily., Based on the current
physicochemicsl properties of spinephring, the only delivery gvailable in the market s
miramuscular injection. The administvation of proper therapeutic agenmts, such asm,
cpincpiwine must be prompt This is usually performed through the usage of auto-
injectors such ag EPIPEN (MYLAN) or TWINIECT (SHIONQGT PHARMA, INC;G
that deliver the required dose in the mid-cuder thigh sither subcutansously or
imtramuscidarly. However, many disadvantages are reported with the usage of these
imjectors such as high cost, insccurate administration, short halflife, patient’s fear of
needles, accidental injections, and unavailability of & sufficient numbser of fixed
prefilled doses.

EHETRS These shoricomings affect greatly the patient complance and adherence
to thess injectors. In addition, it i very challenging to adjust the dose to different
children ages as there are only two premeasured fixed epipephrine doses (0.15 and
.3 mg). Recent study showed that only 17% of pediastric pationis who have
gxperienced anaphviactic symptoms have used proscribed suto injectors. Other

gvailable delivery systems such as syringes or inhalers are slso underused due to their
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lack of rapid and accurate dosing. Therefors, there is growing intersst in the
development of an alternative pon-invasive delivery svstem that can casily provide
accurate dosss of epingphrine.

EHELR: Anwar A, Hussain and James E. Truelove were granted patents related
to the synthesis of novel esters of [{methylaminoymethyl] benzyl alcchol which is
epinephrine. The purpose of the Husssin's ef of mvention was to develop & prodiug
of epinephring HCL with superior Hpid solubilily to enhance penebration through the
gornea of the eve to ireat glauvcoma. Hussaln ef ol synthesized four differont
prodrugs for this purpose {see structures TA, 7B, 7C, 713 These four molecules were
tested in human, rabbii and horse plasmas snd found that 3, 4 - diplvaivia-
[{methylamine} methyl] benzyl alcohol hydroehloride {structwre T shows the best
penetration profile infoe the eve. Hussain's et al didn™t svaluate the log P of these
maolecules nor did they evaluate the sublingual or buccal permesbility or absorption.
Their main focus was to develop 8 prodrug specifically for the eve. Since the initial
publishing of Anwar’s patents in 1974 and 1975, no one has followed up or even
published any new data on structures 7A, 7B, and 7C. Dipivalyl-w-i{methylaming)]
benzyl alechol hydrochloride (7D was further developed into a drug delivery asystem
for glaucoma (DMpivefrin or Propine}. Hussain and Truelove selected this prodrug for
further development because of ssveral plvsicochemical and biological qualities. The
first quality was ostimating the delay befors onset of scimue for this prodrug was
about 8§10 minutes, the scoond guality was the rate of hydrolysis expressed as big in
human plasma was about 1,300 seconds and the third guality was the tin hydrolysis
and oxidation in vifre was 700 and 300 days respectively. In 2 scparste publication
{Joumal of Pharmaceutical Sciences, Vol 63, No. 18, Getober 1976, pr 1S18-1512),
Huossain ef ol shared the graphs for the inm viro hydrolvsis of this particular prodrug
using rabbit eye homogenate and compared the hydrolysis among three different
plasmas (ueman, rabbit, rabbit eye homogenate).

EHEIRY: Films that incorporate a pharmacestically active mgredient are disclosed
in U8, Pat. No. 4,136,145 to Fuchs, ef ol {("Fuchs"h. These films can be formed into
g sheet, dried and then cut into individual doses. Examples of specific uses disclosed
by Fuchs inclode application of the fibns to mucosal membrane areas of the body,
melading the mouth, rectal, vaginal, nasal and sar areas. A drug delivery vehicle must

provide a high level of uniformify with respect to the dosage delivered.

2
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BRIEF SUMMARY OF THE INVENTION

HEEE This inveniion relates to pharmaceutical compositions made by modifving
the physicochemical properties of epinephrine in order o enhanes is permesbility
through biological membranes {sublingual and buccal membranes). Several prodrugs of
epinephrine are shown by modifying the two hydroxyl {(phenolic) groups in positions 3
and 4 on the benzene ring, by chemically reaciing the two groups with several acid
moieties o form an ester bond with different alkyl chains. The addition of an alkyl
group will enhance the lipophilicity of spinephrine (increase log P) and will conssguenily
merease it permeability through the bivlogical moembranes {sublingual and buccal tissues
in the oral cavity). The 3 and 4 positions represent mets and para locations with respect
to the carbon in position 1 on the phenolic ring of spinephrine. Onee the prodrog
penetrates  biological membranes {sublingual and buceal), the biclogical enzyme

carboxyesterase will degrade the ester bond and releass epineplwine for therspeutic

activity, A prodrug is a bio

16607 In ancther smbodiment, the sobject matter ncludes 3 method 1o debiver
epinephrine involving the steps oft providing epinepbrine in & upil dosage form
formulated for sublingual or bugcal administration, wherein the unil dosage form I8 a
rapidly dissolving film and the unit dosage form provides the pharmaceutical pro-diug
of epinephrine. More specifieally, this method involves providing phsmaceutical pro-
drug compositions spinephrine in a unil dosage form to patients in nsed of anaphylactic
reatment.

[B088] The sobject matter includes 2 pharmaceutical formulation made off 3 compound
g8 depicted In 8 formula 2A and a phormaceutically accepiable camrier or a
pharmaceutically acceptable excipient, wherein Ry is selected for the group consisting
of: CHs CL and L A pharmaceutical formudation made of a compound as depicied in
a formgla 2B and s pharmaceuticslly scceptable carvier or 8 pharmaceutically acceptable
excipient, whersin Rs is selected for the group consisting oft CL and I A pharmaceutical
formulation made oft 8 compound a5 depicted in 2 formuls 3C and a3 pharmaceutically
ascceplable camier or a pharmaceutically accepiable excipient, wherein Ry s selscted for
the group consisting oft CL and I A pharmaceutical formulation made off a compound

as depicted in a formule 3D and a pharmaceutically acceptable camrier or a

3
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pharmaceutically acceptable excipient, wherein Ry i8 selecied for the group consisting
off CHa €I and L A phsrmaceutical formulation made oft a compound as depicted in
g formula 48 and a pharmaceutically acceptable camrier or a pharmacesutically acceptable
excipient, wherein Ko is selected for the group consisting off CH; Cf and 1L A
pharmaceutical formulation made off a compound as depicted in a formula 4F and a
pharmaceutically scceptable carrier or g pharmaceutically acceptable excipient, wherein
Ri is selected for the group consisting off CHj CF and I A pharmacestical formulation
made of a compound as depicted in a formula 3G and & pharmaceutically aceceptabls
carricr or a pharmaceutically acceptable excipient, wherein R: is sclected for the group
econsisting of H, L O CHCHCH: & CHCHCHOHG, CHRCL, CHpl and CERF A
pharmaceutical formulation made off a compound as depicled In & formuda 8H and a
pharmaceutically accepiable camrier or a pharmaceutically accepiable excipient, whersin
Rz 8 sclected for the group comsisting off H, CHz €6 and I A pharmaceutical
formutlation made of a8 compound as depicted in 8 foronsla 81 and 2 pharmaceutically
acceptable carricr or a pharmaceutically acceptable excipient, wherein R is selested for
the group consisting off €I I and CHa. The compound s formulated in a unit dosage
forme a3 8 vapidly  dissolving film. The nvention [orther provides use of the
pharmaceutical formulation in a patient in need of anapbylaclic treatment.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWING(S):

HHENR] The invention can be best onderstood by those having ordinary  skill
in the art by reference to the following detsiled deseription when considered in
conjunction with the ascompanving drawings in whichs

186011 FIG. 1 shows the generic chemical structores of a biologically inactive

compound of this invention.

HHED] FiG. 2 shows exemplary compounds of the present lnvention.

HHERRY FIG. 3 shows exemplary compounds of the present invention.

803014} FI(. 4 shows exsmplary compounds of the present invention

1B0015] FIG, 8 shows cxemplary compounds of the present invention.

180816} FIG. & shows exemplary compounds of the present invention,

186817 FIG. 7 shows Amwar A Fhoesam and James B, Truelove compounds.
186818 FIGG. 8 shows a stress-sirain profile of the optimized epmephrine fast

dissolving film.
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BG019] FIG. & shows a reicase profile of the opinephrine from the optimized

fast dissoiving film i 5300 ml Sipndsted Saliva at 37 °C.

DETAILED DESCRIPTION OF THE INVENTION:

HHER] The present invention may be ondersiood more readily by reference fo
the following detsiled description of the invention. It & t© be understood that this
imvention is not limi#led to the specific devices, methods, conditions or parametsrs
described herein, and that the termiveology used herein is for the purpose of describing
particolar embodiments by way of exanmple only and is not intended {0 be Umiting of
the claimed invention. Alsc, a3 used in the specification meluding the appended claims,
the singular forms "8," "an,” and “the" include the plural, and reference io a particular
numerical value inchedes at least that particular value, unless the context clearly dictates
ptherwise, Banges may be expressed herein as from “showt™ or "gpproximately™ one
particular valoe andfor to "abowl” or "approximately” ancother parficelar value. When
such a range IS oxpressed, another embodiment ncludes from the one particulsr value
snd/or to the other particular vahie, Similarly, when  valoes  are oxpressed as
approximations, by use of the aniecedent "sbout” #f will be undersicod that the
particular value forms ancther embodiment

{80831 These and other aspects, feabires and advaniages of the nvention will
be understood with reference to the detailed desoription herein, and will be realized
by means of the various clements and combinations particularly pointed out in the
asppended claims. I iz to be understood that both the foregoing general  description
snd the following detailed description of the invention are exemplary and explanstory
of preferred smbodiments of the inventions, and are not restriciive of the mvention
as claimed. Unless defined otherwise, all technical and scientific terms used herein
have the same meaning 88 commonly undersicod by one of ordinary skil in the
art to which this invention belongs. Reference will now be made iIn detall to the
presently preforred smbedimenis of the invention, examples of which are ilusirated
in the ascompanying drawings. Throughout the following detatled description, the same
reference mumerals refer to the same elements i all fgures.

{60022} The present tnvention provides 3 novel biclogically inactive compoand

of epinepbrine. Epinephrine scts on nearly all body tissuss. lis actions vary by tissue
type and tissus expression of adrencrgic receptors. For example, high levels of
&
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epinephrine cause smooth muscle relaxation in the airways but cause contraction of
the smooth muscle that lines most arterioles. The present subject matter relates to
modifying the physicochemical properties of epinephrine in order to enhance ifs
permeability theough biological membranss {sublingual and buccal membranes. FHG. 1
shows the generic chemical structure of a binlopically inactive compound of this
imvention, while Table 1 shows exemplary prodrugs of epinephrine made by
modifying the two hydroxyl {phenolic} groups in positions 3 snd 4 on the beneene

ring along with Log P values or a pharmaccutically acceptable salt thereof. The

™
U 8id

rodrugs of epinephrine preferably have 2 Log P value in the range of about 8.5-8.0. and
&=

ratio of two concenirations of a compound ina misture of two mmiscible lguids such as

N
TEQ CRTY N £
S S G R

waler and octanol at equilibrivurn, Log P e

£ PWR

~ RANIIRTT A DY TSN R A i - A SRR Y L
of PERCEPTA PLATFORM software (AU Labs, To

B CHROOCH

PR CHRCOCL

Re= CHROO1

P Re CHROCHS

CHICH:

CHCHCLOL

= CHUCLOLCL

P R= CHRCHE

B= CHULCL
......................... R ——

[ R CCHCHCHOHCH:

P R NHCCH«UCHCH:

NHCHCHCH:

+72.48
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CHICHU P R= SOHs

R OHCHCH 007 ReSCHCHCH i ge

B= COLCLCHOLOL SCCHUHCEH +3.13

CHCHI CHaCsHs

E[ﬁﬁﬁ;?;ﬁ} A pro-drug is a derivative of epinephrine selected for fast permeability through sub-

Engual and buceal membranes {#e & compound that dissolves i the oral cavity) and
fast hydrolysis Chalflife tin range from 1-6 minates) by plasms enzymes to form epinephrine
when delivered, These characteristics are physical properties of a compound that is useful
to be formulated v 2 uni dosage form ss a rapidly dissclving film. Now reforring 1o
PG, 2, derivatives of epinephrine are shown. Structure 2A represents di-ester
derivatives of epineplwine where the R: can beashort alkyl chain of CH;, CHRCH;,
CHyUHLCH;, or CHCHCH:CHy | CL or L A representative molecule of this group
compeunds 180 4-{1-hydroxy-2-{methylaminolethyl}-1 2-phenylene  his{3-methylbutancate)
having a ClogP: 2.0114. Stwucture 28 represenis devivatives of epinephrine where Ra
= {Hs, CL or L A representative molecule of this group of compounds is 4-(1-
hydroxy-2-(methyllaming} ethyll-1,2-phenviene bis(3,3-dimethylbutancaie} having a
Clogh: 28094, Addimg H, CHs, O or T change the Log P of the prodrug and adds
a non-ioxic moiety to the molecule. The rate of hydrolysis of cach ester can increase
or decrease depsnding on how the atvmn in position Rs inflosnces the ester group
j0024) Now referring to FEG. 3, derivatives of epineplirine are shown,
Structure 3C represents a denvative of epinephrine where Ba = Clor L A
represemtative mdecule of the group is: 4-{1-hydroxy-Z-(methylaminoisthyvi}1,2-
phenyiene bis{2,2-dichloroscetate) having & ClogP: 1.44%4, Strocture 31 reprosents a
derivative of epinephrine where Bq = C6 or I A representative molecule of the
groups is 4-{1-hydroxy-Z-{msthvlaminojethyl)-1,2-phenylene bis{2,22-trichloroacetae)
having a ClogP: 2.8554. The molscule that shows fast permeability through the
suhlingual and buccal membranes and fagt hydrolysis by the enzyme is 8 physical
property of a compound that i useful o be formulated 0 a unit dosage form as a
rapidly dissolving film.

[BO02E Now referring to Fifs. 4 derivatives of epineplwing are shown. Struchure
4¥ represents s derivative of epinephrine where R1 = CHE, CL or L A represeniative

molecule isr 4{l-hydroxy-2-{methylaminolethyl}-1 2-phenviens bis{3,3-

7
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dimethyibutanoate} having a ClLogP: 2.6294. Siruclure 4F represents a derivative of
epinephrine where Rz =CH;, CL or L A roprosentative molecule in 4-{i-hydroxy-2-
{methylaminajethy}-1,2-phenyvlene bis(2,2 3-trimethylbutancate) having a ClLogh:
3.4274. The molecule that shows fast permeability through the sublingoal and boceal
membranss and fast hydrolysis by the enzyme is a physical property of a compound
that is useful to be formulated in 8 unit dossge form a8 a rapidly dissolving film.
BB03s] Now referving to FIG, 8, derivatives of epinephrine are shown
Suucture & repressnts a derivative epinepbrine where Ry = H, L, CI, CH:CHOH &
CHaUHCHCH, CHRCL CHal or CHoF. Representative molecules are: 8G 4- ( 1-
hydroxy-2-{methylamine} ethyly 1 2-phenyiens dicarbonindidate having a Clog: 1.084,
5G7 4-(L-bydroxy-2-(methylamino-sthyl}-1,2-phenylene his (Z-iodoacstale} having 2
CLogP: (.3834 and Swucturs 5G7° 4-(-hydroxy-2-methylamino)ethy)-1,2-phenyiene
dibutyrate) having & Clogh: 1.2134,

HHEEOR Now referring to FIG. 6, 2 derivative spimephrine is shown, Strocture
Hé represents a derivative of eopinephrine whers Ry = HLCHs, CL or L A
representative example st 4-{1-lvdroxy-2-(methyiaminolethv-1,2-phenylene SETE)-
bis(but-2-encate) having a ClogP: 12084, Structure 16 represents a derivative of
epinephrine where By = CL, I or CHs. A reprecsentative example is: 4-(I-hydroxy-2-
{methylaminolethyi}-1,2-phenviene bis{Z-methylbutanoate} having a ClLogP: 1.8314.
HHEREEY] Now referring to FIG, 7, the compounds of the invention as shown in
US patent 3,809,714 and US patent 3,825,583 hereby incorporated by reference.
Representative molecules mcluds: TA 4-{L-hyvdroxy-2-(methylaminoisthyi}-1,2-phenlvens
diacetate having a Dlogh: -0.9028, 78 4-(1-hydroxy-2{methylaminolethvi}-1.2-
phenviene his{2-methvlpropanoate} having a8 Clogh: 87733046, 7C 4-{I-hydroxy-2-
{methylaminojethyD-1,2-phenlyene dipropionaie having a ClogP: 61554, 78 4-(1-
hydroxy-2-(methylaminojethyi)-1,2-phenyiene bis(Z,2-dimsethvipropancate) having a
Clogh: 1.5714, Ifthese molecnles show fast permesbility through the sublingual and
buecal membranes and fast hydrolysis by the envyme (halfllife 1.6 minuies) a physical
property of a compound that is usefid to be forowmlated i a unit dosage form as a
rapidly dissolving film. The subject matter inchudes: uses of s pharmaceutical
formulation in 8 patient in need of anaphyvlactic treatment, wherein the pharmaceutical
formulation is made of a compound selecied from the group consisting of 4-{1-

hydroxy-2-(methylamino jethyi)-1,2-phenlyene di-acstate; 4-(3-hydroxy-

8
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Z{msthylaminojethyin1,2-phenylens bis(Z-methylipropancate);, 4-(I-hydroxy-2-
{methvlamingethyi}-1,2-phenlvene dipropionate; 4-{1-hydroxy-2-{incthylaminoiethyly-1,2-
phenviene bis(2,2-dimethylpropanoate), and a pharmaceutically acceptable carrier or a
pharmaceutically accepiable excipient. A pharmaceutical formulation made of 2
compound selecied from the group comsisting oft 4-{i-hydroxy-Z-(methylamingiethyl}-
L2-phenlvene di-acetate; 4-{-hydroxy-2{methvlaminoiethyl-1,2-phenyiene bis(3-
methylpropanoately; 4-{1-hydroxy-2-{methylaminolethyh-1,2-phenlvene dipropionate; 4-{1~
hydroxy-2-{methviaminoethy-1,2-phenyiene bis{2,2-dimethvipropancate), and a
pharmaceutically acceptable camrier or a pharmaceutically scceptable excipient, wherein

the compound is formulated i a onil dosage form as s rapidly dissolving fibm,

TARBLE 2
B Log ¥
Structure TA Re= CiH -{3.57
Strecture 7C R= CHCH; +0.69
Structare 7B B= CHCHCH; +3.7%
Structurs 7D R CCHRCEHCH; +1.4%
[BOHIY The present invention further provides a pharmacentical composition made

of at least one compound or mixture of compounds of the nvention in a2 pharmacentically
acveptable carrer thersol The tnvention feabwes & pharmacsotical composition in wunit
dosage form fornmlated for sublingual or buccal administration. The delivery systems
inchide: fast dissolving films, oral dissolving tablets, inhalation, snd pasal delivery. In
one embodiment, the unit dosage form of the present invention is a film for the delivery
of epmephrine hydrochloride, as an anaphylactic treatment in a patient, such as for a
pediafric or gerisfric patient. A typical rapidly dissolving fibm is made of & drug, a
water-soluble polvmer, a plasticizer, 2 salive stimulsting agent, 3 surfactant and other
fillers such as sweetening agents and flavors o case of bitter taste drugs. See sg. A
Arya, A, Chandra, V. Sharma, and K. Pathak, “Fast dissolving oral films: An innovative
drug delivery system and dosage form,” . S Chem¥ech Res., vol. 2, no. 1, pp. 576
S83, 20140, P, Letwre, “Formnglation and Bvaluation of Rapidly Disintegrating Film of
Levocetrizine Hydrochloride,” Fharmacia, vol. 2, no. 2, pp. 208-228, 2010,

186834 For the presemt invemtion, the drug is epinepbrine, a  prodrug of
gpinephrine or & sall thereof. The typical dose of epinephrine for anaphviactic trestment

8
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is 8.3 to 0.5 mg in adulis and 0.0] me'ks up io 2 maxipnun of 0.3 mg in children
administered through intramuscular route. In this study, 13mg/ om® of cpinepluine (5.9
% wiwy are used as the dose size. This quantity v caloulated for &-Teyear-old child
according to Clark’s rule Pediatric dose = Adult dose x {ohild’s weight/I150).

[GO0833] A typical dose of 40 mg was based on a study in rabbiis that showed a
dose bioeguivalence between a 40mg opinephrine tablet administered sublingually and
.3 mg epinephrine administered intramuscularly using Epi pen. Injectors, Rawas-Calaji
gt al. Biopharm Drug PHspos. 27 427-435 {2006). Furthermore, the tims to reach
maxinnun epinephring concentration afier a 0.3 mg EPIPEN {(Mvlan Specialty LB
mjection in children s reported st &2 minotes. In ancther study, maximom plasma
epinephrine conceniration i3 reached within 34414 minpiss using 0.81 mgkg doss
mjection of spinephrine subcutansously in the delioid region.

EHEIR The polymer and the optimal amount of polymer are selected to obtain
2 non-sticky and functional flm. A fln-forming polymer should have good wetting
property, high spread ability, good feeling in the mouth and should be safe and non-
ritant. Many studies have showed that polvmer content of at least 18 -15 % is
needed n orvder {o formulste proper film of proper thickvess after diving in order o
peel the fibm off from the release line. In one exemplary embodiment, the polymer ig
g water soluble modified hydroxypropyl starch that is specifically manufactured for
agqueons film costing n mmmediste relesse solid oral dosage forms.

{0033 A plasticizer is used to form the rapidly dissolving filbn. The plastieizer
enhances the flow of the polymer and improve the tensile sirength and clomgation of
the fill. Several plasticizers are commonly used in rapidly dissolving film proparation
sach as ghyesrol, di-hutylphthalate, and polyethyviene glveols and they are usually used
up to 2¢ %% conceniration of dry polymer welght,

{60034 The function of the surfactani is io facilitate the solubilization or
wetting of the film and subseqoently causing the film to disintegrate quickly,

releasing the drug to be absorbed through the buecal eavity, Suwrfactants can inehude
Twesn 80, which is a complex mixiure of polyoxyethylene ethers used as emulsifisrs
or dispersing agents in pharmaceuticals.

163035 A saliva stimulating agent used to facilitate the delivery of the drug
using & rapidly dissolving film fo the patient. Onher {illers, such as swesiening agents

and flavors in case of hitter taste drugs and colors are added io the rapidly

1G

AQUESTIVE THERAPEUTICS, INC. EXHIBIT 1014



PCT/US2017/060761

pically, acids such as cifric acid, malic acid, lactic acid and ascorbic

¥

2]

dissolving film to {acilitate the delivery of the drug using a rapidly dissolving film to
most preferred among them. Xyltol and Tutti Frotti flaver are used for taste masking,

acid are used as chemieal stimmglants of salive secretion. However, citric acid is the

Xyhtol is an effective sweslening agent which has egual swesiness to sucrose.

WO 2018/089570
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in oral
savily
Sodium Litrate Busffer 0.8 0.5 6.5 8.5
Monabasic
Xvditol Swestener 14 14 18 18
Fragti Frupti Flavor § E & 6
Woger 46.2 41.2 382 36.2
HHEIR Glveerin is used as a plasticizer o provide the proper elasticity for the

flm (Table 1) A plasticizer mparis 2 cerain level of flexibility o the film by
deorsasing s brittlensss. Films iIn this example are prepaved using 3% ghyeerol which
is sguivalent o 18-15 %% of the amount of polymer used.

HHEEE ] Twoen 80 is used as & swiactant (Table 2). Citric acid s used o
adjust the pH and can be used in rapidly dissolving fibn as a salive simulsting agent
to increase the secretion rale of saliva which will fiwther improve the disintegration
time of the film. Finally, the addition of an antioxidant is very important for the
stability of epinephrine. Prompt oxidstion of epinephrine n aguecus solotions resulis
i a colored inactive prodoct which has been reported, Therefore, different types of
gntioxidants are used in the commercial injectors such as sodium metabisulfite, EDTA
and ascorbic acid achieving shelf iife of two vears. In this exemplary embodiment, the
addition of sodinm metabisuflite siabilizes the film,

0041 However, films formed by formulations 1, 2 and 3 are too sticky after
drying rendering them unusable. Formmlation 4, having 34 % polymer content, furmed
g smooth, tansparent, fexible and wniform film and therefore it is selected for further
festing. The difference in stickiness Is clesrly related to the varistion of the polymer
content. This comes in agresment with a previous study that showed that using 22.5%
of LYCOAT pobvmer formed a thin and flexible but sticky film at that concentration
concluding that 3 higher percentage of polyvmer i3 needed

BG042] Physical properties of the film prepared by formulation 4 are evalpated
such as elastic modulus, thickness, content uniformity and dissolution iime. Assessing
these parameters is essential to determine the efficiency and usability of the film by
patients. Blastic modulus s first studied as i represents a clear measure of the

12
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stiffness level of the fim. It 5 caloulated as the ratic of the applied stress owver
sirain on g specific section.

[B3043] Flastio’s modohis= (Force at comesponding sitrainfoross section avea) x1/
{corresponding strain}.

600441 Now referving to Fids. B, the profile of the film is Hiusirated showing a
small incresse in the applied strain to the fibn causes s guick increase in siress
reaching a value of 0.1 MPa st 20 % sivain level As the sivain incresses further
above 20 %, the increass magnituds in siress decreases gradually until i reaches a
semi-platean st value 0.16 MPa where % stress ix 80 %. The value of eclastic
maduhis iy determined at 1328 MPa which is an indication of very good flexibility

of the film {Table 3}

[B0045] Table 4: List of physieal properties of the eptimdred Him

Texst Resniis

Elastic Modulus 1.325:8.2 MPa

Thickness 6.29::0.01 mm

Contert Uniformmity 93% + 10%

jB046] The thickness of the film at different locations is messured at 629 mm

with very small margin of variability which is an indication of the high uniformity of
the fibn (Table 4} A maximum thickness variation of § % i3 permitted in the
preparation of the rapidly dissolving film. A uniform thickness across the film as #
directly correlates with the accuracy of the dose in the film. Drug content in film i
measured at 93 % =10 indicating high level of consistency of epineplrine dose within
the film {Table 2}, as a limit of 85 ~115 % of content uniformity s acceptabie
according to USSP

18060471 Now referring to FEG. 9, the dissolution profile of cpineplring from the
film in terms of rate and extent in sindated saliva is determined on six samples of
the optimized film. More than %6 % of cpineplwine is released from the film within
7.2 minutes.

[B0048] Taste and disintegration time of the optimized film are gvaluated on &

volunteers {(Table 33 The disintegration time is the time when the film staris to break
13
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oy disinfegrates. Volumieers reporfed 10 <30 seconds disindegration time {Table 3} This
complies with the regulstions set by Uniled State Pharmecopein (USE) for
disintegration lime of oral films {not exceeding 30 seconds}) Bitterness of epinephrine
is masked efficiently according to volunteer’s comments {Table 5). Four vohurdeers
sensed no bitterness of the film while the other two voluniteers reported slight to very
slight sensation of bifferness. Morcover, no tongue constriction s reported by any of
the volunisers. This data presents clear proof of the efficiency of mpidly dissolving
film in taste masking the bitterness of epinephrine and an indication of sirong
potential for using a rapidly dissolving film as 2 replacement therapy of epinephrine
mjections for children.

EHGEE Table § /i vivo iaste and disintegration tme evaluation of the

optimized epinepbringe FDF,

Volnnteer Bitternesy Tongoe Constriction DHsintegration Time

1 Nong Noug ~1¢ seconds

P None MNone ~1Q seconds

3 Slight None ~20 seconds

4 None MNone ~30 sgeonds

5 Very slight None ~2{ seconds

& Nore None ~3 agconds
R Materials--Epinpherine hydrochloride, sodimmn metabisulfite, citvic acid

monohydrate and sodivm citrate monobasic are purchased from Sigma Aldrich {St
Louis, MO} Lycoat® R8728 is obtained from Koguetie {Lesivem, Framce) Glycerin
and twesn 80 are purchased from Fisher Chemicals (Pittsburg, PAY Xylitol &
purchased from Gallipot (St Paunl, MN) Tuiti Frutti is obtained from LorAmn (ils
{Lansing, M), Film Preparstion--Severa!l repidly dissolving films are prepared by a
solvent casting technique to choose the optimum fbm formulation. The formulation
compositions of the rapidly dissolving film are mentioned in Table 3. LYCOAT and

Xyhtol are dissolved in warnme water. The solution is then placed in a sonicator for
14
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two hours and then the solution is kft overnight o ensure the removal of alf
entrapped air bubbles. Other excipients and Epinephrine HCI are added to the sohition
on the next day at room lemperaturs, The mixture i then placed sgain i 2 sonicstor
for 41 minutes. The mixture is then spread onto a checkered paper covered by plastic
shest using a stainless-steel bar applicator. The film is left to dry overnight and is
oot info 9 mm® small filn strips.

HHEIR] Physical properties-The thickness and elastic modulus of the optimized
film is svaiuated using Dynamic Mechanical Analyzer (OB30 DMA, TA instruments,
New Castle, DE). This is important o evaluate itemsile properties of the films Three
sivips of the optimized films are tesied at 25 °C according fo ASTM Intemational
Test Method for Thin Plastic Sheeting (& 882-82). Each film is positioned betwsen
the grips of the instrument. The preload forve is set at .01 N and the final fwee at
15N, The initial grip separation is set o 60 mm and crosshead speed iz set to 500
mdmin, The test is terminated when the film bresks. Blastic modulus is delermined
as the slope of the siraight-line part of the siress-strain curve and i is expressed in
force per unil area (MPa).

B3054) Drug content wniformity. Specific areas ave cut from six different filns
and weighted to caloulate the estimated amount of drug in each area. Films ars then
dissolved in 100 ml of citric acid buffer. The media are stitred and then filtered
using 0.45 wm filters (Millipore Corporation, Millipore, Vimodron, fmly) and
epinephrine content is assessed waing UVmini-1240 UV.Vis Spectrophotometer
{Shimadzy, Japan} at wavelength 280 om. Epinephrine content is defermined by
calculating the percemtage of the meawmured cpimeplring to the estimated amounnt In
gach film.

B3OS i vitre dissolotion testy For the dissolution test, rapidly dissolving film
are ovaluated using USF dissobution apperatus I, paddie {Distek Evolution 6160,
North Brunswick, NI Six sivips are placed in different I L vessels containing 300
ml Simnslated Saliva. The tomperature of the dissohution media &8 set 1o 37 C and
rpm is set to 50 rpm. Samples are taken at different time points throughout the time
of the experiment (15 ming), and the amount of epinephrine released in the media is
determined by UVmini-1240 UV-Vis Spectrophotometer (Shimades, Japan) st 280 nm.
HHEESY] Human tasie pansi-To evaluate the palatability of oplimized epinephrine

film, a taste evaluation study is performed on six healthy volunteers. The study is

15
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carried out in accordance with The Code of Hthics of the World Medical Association
{(Peclaration of Helsinki), and all vohmicers are informed in advanecs of the related
detatls and the goal of the study and thelr consenis ave obtained. Volunisers are

asked to place the {ilm on the interior surface of their buccal cavity until the film is
fully disintegrated. Volunteers then rinsed their mouths with drinking water.

Yolunteers have to report their findings of the presence of bitterness or not, any
tongue restricton and how long # toek for full disintegration of the flm.

1BGBST] Equivalent cloments can be substituted fior the omes set forth above
such that they porform in substantially the same manper in substantially the same
way for achieving sobsfantially the same resolt. I is believed that the system and
method  of the present invention and many of iz attendent advantages will be
undersiood by the forsgeing descripiion. B iz also helisved that it will be apparemt
that various changes may be made in the form, comstruction and arsngement of
the components thereof without departing from the scope and spirit of the nvention
oy without sacrificing all of fis material advaniages. The form herein before described
heing merely exemplary and cxplanstory ombodiment thereof It is the intention of

the following claims o encompsss and include such changes

18
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CLAIMS

1. A compound of a Formula:

wherein R is selected from the group consisting off H, CHCH,, CHCHCH;, CHCH:CL,
CHCH:E, CHCOLCHCL, CHICH:L CHOHACHCH,, CHLCCHACHACH,, CHaCHTH:,
CHCL, CHuL CHRF, CL, 1, F, CHCHCHCHCH,, CHOLCHCLCE, CHICHIE
CHFCHFF, CHCHCH, CCLCLCHCLCL, COCHN, CCLULCL, CH, CHyCOCHs,
CHCOCL CHCOE, UHOCH,, CHICH;, CCLCLCH:, CHXUHUHCH,, CHCHCLCL,
CHRCHE, CHCCLCLCL, CHCIH, CHCLCL, CHIL,

CCHCH;CHOHCHa NHOCHCHaCH, NHCHCHCH:, NHCHCHi, NHCH:, SCHa,
SCHACHs, SCHCHCHs, SCCHaCHRCH:, CHaUsHs and CsHs or a pharmaceutically

scoepiable salt thereof

2. The compound of claim §, forowsiated as 2 pharmacsutioal composition i 8 unit dosage

form configurad for sublingual or buccal adminisiration.

3. The compound of claim 2, wherein the compound s formulated i 2 unidl dosage form as a
rapidly dissolving Ghn.
4. Use of the pharmaceutical composttion of clatms 2 or 3 in a pationt in need of anaphylactic

treabment.

5. The compound of claim | comprising: 3 compound as depicted ina formuls 2A and a
pharmaceutically acceptable carrier or a pharmaceutically acceptable excipient, wherein Bi is

selected for the group eonsisting oft CHRUH;, CHaCHaCH;, or CHXUHCHCHy CLor b

17
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&.The compound of claim | comprising: a compound as depicted in a fornnla 2B and a
pharmaceutically accopiable carrier or a pharmaceutically acceptable excipient, wherein Rz is

selected for the group consisting oft CLor L

7. The compound of claim | comprising: 2 compound as depicted in a formueds 3 and a
pharmaceutically acoeplable carvier or a pharmaceutically acceptable excipient, whevein Ko i3

selected for the group consisting oft CL and L

& The compound of claim | comprising: a compound as depicted in a formula 3D and a
pharmaceutically acceptable carrier or a pharmaceutically accepiable excipient, whereln R4 i3

selocted for the group consisting off Cland L

4. The compound of claim | comprising: a cvnpound as depicted ina formula 4B and a
pharmaceutically acceptable carrier or a pharmaceutically acoeptable excipient, wherein Ry is

selected for the group consisting oft O and L

183 The compound of claim 1 comprising a compound as depicted ina fomula 4F and s
pharmaceutically acceptable carrier or a pharmaceutically acosptable excipient, wherein Rp is

selected for the group consisting of Cland L

11.The compound of claim 1 comprising: a compound as depicied in a formula 3G and a
pharmaceutically acceptable carvier or a pharmaceutically accepiable excipiont, wharein Ry i3
selected for the group consisting oft B, L CL CHCHCHs, CHL,yCHCHRCH,, CHCY, CHl
and CHoF.

12. The compound of ¢laim | comprising: a compound as depicted in 68 and a
pharmaceutically acceptable carrier or a pharmaceutically accepiable excipient, whereln Kz 5

selocied for the group consisting oft B, UHs Cland L

13.The compound of claim | comprising: 2 compound as depisted in a formuls 6l and 2
pharmaceutically acceptable carrier or a pharmaceutically acceptable excipient, wherein Ra is

selected for the group consisting off CI {and CHa.

14, A method {o deliver epinephiring or a prodrug of epinephrine comprising: the sieps oft
providing epinephring in & unit dosage form, formulated for sublingual or buscal
sdministration, wherein the unit dosage form is 2 rapidly dissolving film, 0 3 patient in nead

of treatment thereof.
18
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15.The method of clatm 14 wherein the prodrugs of epineplwine has a Log P valus in the

range of about §.5.8.0,

16. The method of claim 14 wherein the prodrugs of epinepiirine has a Log P value in the

™

range of aboot 1.0-5.8,

17. The methed of claim 14 further comprising: providing said epinephrine or the prodrug of
epinephring 0 & unit dosage form 1o 8 patient in nead of anaphylactic eabment.

18.The method of claim i4 further comprising: providing said prodrug of epineplrine in 8 unit
dosage form {0 g patient in nead of anaphylactic treatment.

19, A compound of a Formula:

wherein R is selected from the group consisting oft H, CHs, CHoCHs, CHUHCH; and
COHCH:UH,, and wherein the compound is formulated in s unit dosage form as a

sublingual or bucecal administration,

28, The compound of clatim 19, wherein the compound is selected from the group consisting
of: 4-{i-hydroxy-2-(methyiamineethyiy-1,2-phenlyene di-acetate; 4-(I-hydroxy-
Z{methylaminoethy)-1,2-phenyisne bis(2-methyipropanoate); 4-{1-hydroxy-2-
{methylamine)ethyi}-1,2-phenlyene dipropionate; 4-{1-hydroxy-2-{methyiaminoethyl}-1,2-
phanyiens bis(Z,2~-dimethylpropanocate}, and a pharmaceutically acceptable carrieror a
pharmaceutically acoeplable exeipient, whersin the compound is formulated in a unit dosage

form as a rapidly dissolving film.

21 The compound of claim 19, wherein the compound is formulated in & unit dosage form as

a rapidly dissolving film.

1@
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22. Use of the pharmaceutical formulation of claim 21 in a patient in nged of anaphylactic

iregtment,

£0
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