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(57) Abstract: The invention provides stable liquid formulations containing naloxone, a pharmaceutically acceptable salt, or a derivative
thereot. The invention further provides methods for treating opioid dependence, opioid overdose, and congenital insensitivity to pain
with anhidrosis by administering the liquid formulations of the present invention intranasally to a patient in need thereof. Further, the
invention provides a method of treating opioid dependence-, opioid overdose, and congenital insensitivity to pain with anhidrosis by
administering intranasally the naloxone formulations of the present invention.
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LIQUID NALOXONE SPRAY

Field of the Inveniion

{0801 The invention is directed to hguid spray formulations contaiming naloxone, a
vharmaceutically acceptable salt thereof, or a derivative thereof. The invention is further divected
i methods of trealing opioid dependeuce, opioid overdose, and congenttal lnsensitivity o pain
with anhidrosis by administering lignid spray formulations containing naloxone, pharmaceutically
acceptable salts thereof, or derivatives thereof to a patient in need thereof

Rackwround of the Inverdiovg

10621 Naloxone has the following structure and is synthesized from thebaine:
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(8663} Maloxone is most comumonly used to treat patients suffering from opioid
dependence or overdose because it is a competitive p-opicid antagonist that blocks the effects of
opicids. Naloxone is currently available in Suboxone® (Suboxone is a registered tradernark of
Reckitt Benckiser Healthcare (UK} Limited) as tablet or sublingual film strip formulations.
Suboxone® contains buprenorphine and naloxone in a 4:1 ratio. Naloxone is also available as an
aqueous nasal spray under the irademark Narcan® (Narcan is a registered trademark of Adapt
Pharma Operations Limited LLC, “Adapt Pharma”), which contains 4.42% w/w naloxone
hydrochloride dihydrate, 0.01% w/w benzalkonium chloride ("BXC”) a3 a preservative, .74%
wiw sodium chloride as an isotonicity agent and 0.2 % w/w edetate disodium dihydrate (“EDTA™
as a stabilizing agent. Adapt Pharma has U.S. Patent Nos, 9,211,253, 9,468,747 and 9,561,117
listed in the 118, Food and Drug Administration’s Orange Book for Narcan® 4 milligram nasal
spray. Fach of these patents discloses and clairos valoxons formulations containing an isotoncity
agent, Additional Adapt Pharma also has U.S. Patent No. 9,480,644 listed in the Orange Book for
a 2-milligram naloxone nasal spray, which discloses and claims naloxone formulations that also

coniain an isotopicity agent. U.N. Patent Nos. 9,192,570 and 9,289,425 assigned to Indivior, Inc
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disclose and claim naloxone nasal sprays that contain both citric acid as a buffer and benzy! alcohol
a3 an anti-microbial agent.

[0084] {Jne issue with other opioid dependence treatments is that they can become
addictive. MNaloxone, however, does not appear to be addictive and patients do not butld up a
tolerance.

100051 Maloxone has also been used as a treatment for cognitive insensitivity 1o pain with
anhidrosis. Insensitivity to pain with cognitive anhidrosis is a disorder in which the patient cannot
feel pain.

{BGas6] Naloxone may be administered orally, intravenously, by injection or via the nasal
mucosa. Naloxone has a low mean senumn halfilife when administered parentally., The guick
metabolism may require repeat dosing or cause patient discomfort between doses,  Enteral
administration has low bloavailability due 1o hepatic first pass metabolism,

{30871 Accordingly, while there are some naloxone formulations currently available, there
is a need for safe and effective Hauid spray formulations that are stable including physically and
chemically stable and contain naloxone, pharmacentically acceptable salts or a derivative thereof

Summary of the Invention

{30081 The liquid spray formulations of the present invention arve for intranasal and/or
sublingual administration.

{60891 in one aspect, the invention is directed to liquid spray formulations comprising an
effective amount of naloxone, a pharmaceutically accepiable salt thereof, or & derivative thereof,
water, and a chelating agent, wherein the formulation does not contain an isotonicity agent or a
butter.

{60018} In another aspect, the stable liquid spray formulations of the present invention are
suitable for intranasal adminisiration.

006113 in ancther aspect, the Hquid spray formulations of the present mvention do not
contain an isotonicity agent.

100612} in another aspect, the liguid spray formulations of the present invention do not
contain sodium chloride.

10613} in another aspect, the liguid spray formulations of the present invention do not

contain benzalkonium chioride,

]
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[60014] in another aspect, the liguid spray formulations of the present invention do not
contain a buffer.

[606015] in another aspect, the liquid spray formulations of the present invention do not
contain eitric acid.

103161 in another aspect, the Hauid spray formulations of the present mvention do not
contatn an alechoel.

1800171 In vet another aspect, the invention is directed to methods for treating opioid
dependence compwising administering the hiquid spray formulations of the present invention to a
patient in need of opioid dependence treatment, wherein adnunistration oceurs either infranasally,
sublingually or intranasally and sublingually, wherein if administration ocours intranasally and
sublingually administration occurs simulianeously, sequentially or concomitanily.

000618 in a further aspect, the invention is divected to methods for treating opioid overdose
comprising administering the Hguid sprav formulations of the present invention to a patient in need
of opicid overdose treatment, whereln administration occurs either intranasally, sublingually or
intranasally and sublingually, wherein if administration occurs infranasally and sublingually
administration occurs simultaneousiy, sequentially or concomitantly.

(00019 In an additional aspect, the invention is directed to methods for treating congenital
insensitivity to pain with anhidrosis comprising administering the liguid spray formulations of the
present inveption o a patient in need of treatment for congenital insensitivity to pain with
anhidrosis, wherein admindstration occurs either intranasally, sublingoally or intranasally and
sublingually, whersin it administration occurs intranasally and sublingually administration occurs
simultanecusly, sequentially or concomitantly.

Bricl Description of the Fraees

{03261 Figure 1. Mean plasma concentration of Formulations #9A, #9A repeat #8A, #8AF
and #7AF normalized to a 4-mg dosage. Values based on a geometric mean.

Detailed Deserintion of the Invention

180621} Applicants have created new liquid naloxone formulations that ave stable and
comfortable to the user despite containing no buffer or isotonicity agent. The formulations that do
not contain an alcohol are especially suitable for administration to children. Further, the aleohol-

free formulations may be suitable for patients in recovery from alcohol addiction.

ad
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{09221 In a preferred embodiment, the liquid naloxone formulation 15 a spray. In yet a
more preferred embodiment, the Hauid naloxone formulation is in a simple solution form. Asused
herein, the term “simple solution” refers to a solntion in which the solute(s) has flly dissolved in

the solvent.

006237 As used herein, the term “stable” includes but is not limited pliysical and chemical
stability.
00241 In one embodiment, the present invention is directed to lignid spray formulations

comprising an effective amount of naloxone, a pharmaceutically acceptable salt thereof, or a
derivative thereof, water, and a chelating agent, wherein the formulation does not contain an
isotonicity agent or a bufter.
180025} In another ernbodiment, the Hauid spray formulations of the present invention is for
intranasal administration.
186026} In another embodiment, the Hauid spray formulations of the present invention do
not contain sodium chloride, citric acid, benzyl aleohol, or benzalkonium chloride.
{80627} In anocther embodiment, the present invention is directed to liquid spray
formulations comprising an effective amount of naloxone, a pharmaceuticaily acceptable sali
thereof, or a derivative thereof, a co-solvent selected from the group consisting of an aleohol, a
glveol, and a combination thereof water, and edetate disodium dihydrate as a chelating agent,
wherein the formulation does not contain an isotonicity agent or a bulfer,
180028} The liguid spray formulation of claim 4, wherein the alechol is ethanol (dehydrated
alcohol) and the glycol is propylene glycol,
{86028 In another embodiment, the Hauid spray formulations of the present invention have
a pH from about 3.0 to about 6.0, more preferably about 4.5,
(80038} In another embodiment, the present invention is divected to liquid spray
formulations comprising an effective amount of naloxone, a pharmaceuticaily acceptable sali
thereof, or a derivative thereof, water, a chelating agent, and an antioxidant, preferably sodium
ascorbate, wherein the formulation does not contain an isotonicity agent or a buffer.
(606311 In another embodiment, the present invention is directed to lLiguid spray
formulations comprising:

from about 1% to about 16% wiw naloxone, a pharmaceutically acceptable salt or a

derivative thereof, preferably from about 2% to abowt 10% wiw;



WO 2018/034920 PCT/US2017/046198

from about 10% to about 99% w/w waler;
from about 0.0001% io 0.05% wiw of a chelating agent, preferably edetate disodium
dehydrate,
wherein the formulation does not contain an isotonicity agent or a buffer,
{60832} In another embodiment, the liquid spray formulations of the present inveniion do
not contain an aleohol,
10033 In another embodiment, the present invention is directed to liquid spray
formulations comprising:
from about 1% to about 16% w/w naloxone, & pharmaceutically acceptable salt or a
derivative thereof, preferably from about 2% to about 10% wiw;
from about 809 to about 98% w/w water;
from ahout 0.0001% to 0.05% w/w of a chelating agent, preferably edetate disodinm
dihydrate,
wherein the formulation does not contain an isoionicity agent, a bufler or a co-solvent.
{60334 In another embodiment, the present invention is directed to liquid spray
formulations comprising:
from about 1% to about 16% w/w naloxone, a pharmaceutically acceptable salt or a
derivative thereof, preferably from about 2% to about 10% wiw;
from about 35% to about 85% w/w water;
from about 0.0001% to 0.05% w/w of a chelating agent, preferably edetate disodiom
dihydrate; and
from about 2% to sbout 90% w/w of a co-solvent selected from the group consisting of
ethanol, propylene glveol and a combination thereof, preferably ethanol at a concentration
from about 2% to about 530% w/w, or a combination of propylene glycol at a concentration
from about 5% to about 10% w/w and ethanol at a concentration froro about 2% to about
50% wiw or a combination of ethanol at about 20 % w/w and propylene glycol at about 3
%% wiw or a combination of ethanol at about 50 % w/w and propyvlene giyveol at about 5 %
Wi,

wherein the formulation does not contain an isotonicity agent or a bufter,
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100635] In ancther embodiment, the present invention is directed to ligquid spray
formulations comprising

from about 1% to about 16% w/w naloxone, a pharmaceutically acceptable salt or a

derivative thereof, preferably from about 2% to about 10% wiw;

from about 35% to gbout 85% w/iw water;

from about 0.0001% to 0.05% w/w of a chelating agent, preferably edetate disodium

dihydrate; and

propylene glyeol as a co-solvent at a concentration from about 5% to about 10% wiw,
wherein the formulation does not contain an isotonicity agent, a buffer or an slcohol.
{BGD36] In another embodiment, the Hquid spray formulations of the present invention
comprise a preservative selected from the group consisting of butyl paraben, methyl paraben, ethyl
paraben, propyl paraben, sodium benzoate, benzoic acid and a combination thereof, preferably
from about $.005% to about 0.2% w/w methyl paraben and more preferably 0.1% wiw methyl
paraben.
13030371 in another embodiment, the Hquid spray formuiations of the present invention do
not contain a preservative,
[00038] fn another embodiment, the lquid spray formulations of the present invention are
administered in a nasal spray device,
183039} In another embodiment, the lignid spray formulations of the present invention are
administered in a nasal spray device that is capable of producing a droplet size distribution wherein
greater than 90% of the composition particles are greater than 10 microns in diameter during
administration or a droplel size disiribution wherein:

the mean Dv{10) is from about 5 to gbout 40 microns during administration;

the mean Dv{50) is from about 20 to about 80 microns during administration; and

the mean Dv{80) is from abowt 50 to about 700 microns during adminisiration, or
a spray plume that has an ovality ratio of from about 1.0 to 2.5, or a spray plume width from about
25 to ghout 70 millimeters during administration and a spray plume angle from about {5 to about
76 degrees during administration.
188044} Inn another embodiment, the liquid spray formulations of the present invention are
administered in a nasal spray device that has a single reservoir coruprising about 125 plto 127 pl

of the formulation.
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000411 in ancther embodiment, the Hguid spray formulations of the present invention are
administered in a nasal spray device that delivers about 100 pl of the formulation by a single
actuation.

Formulations with An Alcohol

1800421 In one embodiment, the invention v direcied o Hguid spray formulations
comprising an effective amount of valoxone, a pharmaceutically acceptable salt or a derivative
thereof, water as a solvent, a co-solvent and an antioxidant or chelating agent. In e preferred
embodiment, naloxone is in salt form.

190043} In another embodiment, the invention is directed to liguid spray formulations
comprising an effective amount of naloxone, a pharmaceutically acceptable salt or a derivative
thereof, water as a solvent, a co-solvent and a permeation enhancer or chelating agent. Ina
preferred embodiment, naloxone is in salt form.

600447 The co-selvent may be an alechol, a glyeol, or a mixture thereof. The formulations
preferably contain from about 5 to about 90% w/w co-selvent. More preferably the formulations
contain from about 10 % to abouwt 70 % w/w from about 10 % fo about 33% w/w or from about
40% to about 65% wiw or from about 45% to about 60 % w/w or from about 45 % to about 55 %
wiw co-solvent. In a preferred embodiment, the formulations contain about 10% w/w, about 12%
wiw, about 25% wiw or about 55 % w/w co-solvent. In a more preferred embodiment, the
formulations contain about 10 % wiw ethanol as a co-selvent or about 2% to about 45% ethanol
as a co-solvent, or about 10% to about 20% ethanol as a co-solvent, or about 10 % w/w propylene
giveol and about 2% w/iw ethanol as a co-solvent or about 20% w/w ethanol and about 5% wiw
propylene glyeol as a co-solvent or about 50% w/w ethanol and 5 %o w/w propylene glycol as co-
solvent.

1B83045] Suitable antioxidants include butylated hydroxyanisole (BHA), buiviated
hydroxyioluene (BHT}, methionine, sodium ascorbate, sodium thiosulfate, thioglyeerol, ascorbic
acid, ascorbyl palmitate, propyl gallate, dl-alpha-tocopherel, sodinm suifite, sodium
metabisuifite, sodium bisulfite cysteine hydrochloride, glutathione and a combination thereof.
Presently preferred antioxidants include BHA, BHT, sodium thiosulfate, dU alpha-tocopherol
{(Vitamin E}) and sedium ascorbate.

[00646] In a preferred embodiment, the amount of antioxidant incloded in the formulation

is from about 0.001% to about 8.5% wiw.



WO 2018/034920 PCT/US2017/046198

1986471 In another preferred embodiment, the amount of antioxidant is about 0.01% w/w of
BHA.
[00048] In an alternative embodiment, the antioxidant is a mixture of about 0.01% w/w of

BHA and about 0.005% w/iw of BHT.

000491 in yet ancther embodiroent, the antioxidant i3 about 0.01% wiw of sodium
thiosulfate.

0056 In a preferred embodiment, the antioxidant is about 0.3 % w/w dL alpha-tocopherol.
EHEIREY In a most preferred embodiment, the antioxidant iz about 0.02% w/iw of sodium
ascorbate.

HUHERA] In the present formulations, water 15 used as the solvent. Preferably, formulations

of the present invention contain from about 10% to about 99% w/w water, more preferably, from
about 10% to about 98% w/w water, more preferably from about 35% to about 85% wiw, more
preferably from about 35% to about 84% wiw and ruore preferably about 29.8%, 33.2%, 31.32 %,
34.5%, or 35.5%,37.5%, 65.2%, 71.1%, 79.3%, 81.1%, or &3.9% w/w water. Hydro-alcohol
formulations of the present invention preferably contain from abount 40 % {o about ¥0% wiw water,
more preferably, from about 50 % to about 50 % wiw water. In preferred embodiments, hydro-
alecholic formulations contain about from about 30 % to about 80 % w/w water,

{30053} Inn a preferred embodiment, the formulations of the present jnvention have a pH of
from about 2 to about 7. In amore preferred embodiment, the formulations of the present invention
have a pH of from about 3 to about 6, even more preferably from about 3 to about 4.5,

{(0054] In a most preferred embodiment, the formulations of the presend invention have a

pHofabout 3.0 0200 3.5+ 020r40£02 or 45202

{30055} In another preferred embodiment, the formulations contain ethanol as the co-
solvent.
{(0056] In yet another preferred ewbodiment, the formulations contain propylene glycol as

the co-solvent.

HHERYS In a more preferred embodiment, the formulations contain a mixture of ethanol and
propyiene glycol as the co-solvent.

EHEERYY: In another embodiment, the formulations of the present invention contain a
chelating agent. In a preferred embodiment, the chelating agent is edetate disodium dihydrate,

(also known as edetate disodiumn or ethylensdiaminetetraacetic acid disodium salt or EDNTA)
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preferably at a concentration from about 0.0001% to about §.5% w/w and more preferably from
about 0.001% to about 8.05% wiw and even more preferably from about 0.005% to about 8.05%
wiw and even more preferably from about $.001% to about §.02% wiw.

{80059 In a preferred embodiment, the present invention is directed to liquid spray
formulations comprising naloxone, a pharmaceutically aceeptable salt or a dertvative thereof, in
an amount from about 1% to about 16 % wiw, water in an amount from about 10% to abouwt 95%
wiw, a co-solvent in an amount from about 2% 1o about 90% wiw, and a chelating agent in an
amount from about 0.0001% 1o 0.05% w/w.

{(3860] In a preferred embodiment, the present invention is divected to liquid spray
formulations comprising naloxone, a pharmaceutically acceptable salt or a derivative thereof, in
an amount from about 1% to about 20 % wiw, water in an amount from about 30 % to about 99%
w/iw, a co-solvent in an amount from about 2% {o abowt 0% w/w, and a chelating agent int an
amount from about 0.0083% to §.05% wiw.

{33861 In a preferred embodiment, the liguid spray formulations of the present invention
further comprise g permeation enhancer selected from the group consisting of menthol in an
awount from about 0.001% to about 10.0% w/w, caprylic acid in an amount from about 0.1% to
10% w/w, benzalkontum chloride (“BECY) in an amount from about 0.001% t0 10 % w/w and g
combination thereof,

{83862 In another preferred embodiment, the formulation contains edetate disodium
dihvdrate as the chelating agent at 0.001 % w/w or 0.05 % wiw.

{60063} in vet another embodiment, the present invention is directed to naloxone, a
pharmaceutically acceptable salt or 8 derivative thereof, in an amount from about 24% to about
16 w/iw, water iy an amount from about 20% to about 85% w/w, a co-solvent in an amount from
about 5% to about 553% wiw, and a chelating agent in an amount from about 0.0001% o 0.05%.
In a preferred embodiment of the formulation, naloxone is a salt.  In yet another preferred
embodiment, the formulation further comprises a permeation enhancer selected from menthol in
an amouni from about 0.01% to about 10 % w/w, caprylic acid in an amount frow about $.1% to
10% wiw, BKC in an amount from about $.001% to 10 % w/w, and a combination thereof.
(60064} in another preferred embodiment, the chelating agent is edetate disodium dibydrate,

f=r

preferably at a concentration from about $.001% to about 0.5% w/iw.
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100665} In vet another embodiment, the present invention is directed to naloxons, a
pharmaceutically acceptable salt or a derivative thereof, in an amount from about 1% to about 10%
wiw, water in an amount from about 30% to about 853% w/w, a co-solvent in an amount from about
7% to about 55% wiw, and a chelating agent in an amount from about 8.0001% 0 0.05%, Ina
preferred embodiment of the formulation, naloxone 18 a salt. In another preferred embodiment,
the formulation further comprises a preservative, preferably from about 0.01% o about 8.5% w/w,
In a more preferred emnbodiroent the chelating agent is edetate disodium dihydrate. In another

preferred embodiment, the preservative is methyl paraben.

{0866] In another embodiment, formulations of the present invention do not contain a
preservative,
806671 In a further embodiment, the present invention is directed to naloxone, a

pharmaceutically acceptable salt or a derivative thereof in an amount from about 1% to about 10%
wiw, water in an amount from about 35% to about 5% w/iw, a co-solvent in an amount from about
7% to about 55% wiw, and a chelating agent in an awount from about 8.001% 1o about 8.02%
w/w. In a preferred embodiment of this formulation, naloxone is a salt. In another preferred
ewrbodiment, the formulation also contains a preservative in an amount from about 0.05% to about
(.2% wiw. In vet another preferred embodiment, the formulation comtains edstate disodium
dihvdrate as the chelating agent.

{BDO6K] In a further embodiment, the present invention is directed to liguid spray
formulations comprising naloxone hydrochioride dihydrate from about 1% to about 10% w/iw,
water from about 35% to about 84% w/w, ethano! from about 2% 1o about 30% w/iw, EDTA from
about 0.001% to about 0.02% w/w and optionally propyiene glycol from about 3% to about 10%
w/iw and optionally, methyl paraben at about 0.1% wiw,

(00067 In another embodiment, the Hguid spray formulations of the present invention do
not contain an isotonicity agent.

(G670} In another embodiment, the Hquid spray formulations of the present invention do
not contain sodium chiloride.

130071 In ancther embodiment, the liguid spray formulations of the present invention do
not contain benzalkontum chioride.

180672} In another embodiment, the Hguid spray formulations of the present invention do

not contain a buffer.

3
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10073] In another embodiment, the liquid spray formulations of the present invention do
not contain ciiric acid.

{B0074) In some embodiments, the formulations of the present invention contain citric acid
or sodium hydroxide or hydrochiorio acid solution as a pH adjustor.

{B0875] Pharmaceutically acceptable salts that can be used in gccordance with the current
invention include but are not limited to hydrochloride, hydrochloride dihydrate, hydrobromide,
hvdroiodide, nitrate, sulfate, bisulfate, phoaphate, acid phosphate, isonicotinate, acetate, lactate,
salicylate, citrate, tartrate, pantothenate, bitartrate, ascorbate, succinate, maleste, gentisinale,
fumarate, gluconate, glucaromate, saccharate, formate, benzoate, glutamate, methanesulionate,
ethanesuifonate, benzensulfonate, p-toluenesulionate and pamoate {(ie., 1,17-methylene-bis-(2-

hydroxy-3-naphthoeate}) salts.

1B0876] In preferred embodiments, the pharmaceutically acceptable salt is hydrochloride.
{0877] Prorivatives of paloxons that can be used in accordance with the current invention

include but are not limtited to 3-O-acyl, phenythydrazone, and methiodide dertvatives,

{80678 The solvent used with the present invention is United States Pharmacopeia (“USP”)
purified water.

{B0879] Co-~solvents that can be used in accordance with the current invention are alcohols,
and glycols or a mixture thereof.

1B0080] Alcohols that can be used in accordance with the current invention include but are
not limited to methanol, ethano! (also known as dehydrated aleohol), propyl] alcohol, butyl aleohol
and the like, but do not inclade benzyl alcohol.

(G081} In formulations of the current invention that do not contain an alcohol, the term
“alechol” includes all aleohols including benzyl alcohol.

{0082} Glyeols that can be used in accordance with the current invention include but are
not limited to propylenc glveol, polypropylene glycol, and butylene glyeol and polyethylene
glveols such as PEG 200, PEG 300, PEG 400 and PEG 600 and the like.

{60083] In preferred embodiments, the co-solvent is ethanol or propylens glycol or a
mixture thersofl

1B0884] fn another preferred embodiment, the amount of co-solvent included in the
formulation is from about 2% to about 90% w/w. In other more preferred embodiments, the

amount of co-solvent included in the formulation is about 5% or about 10% w/w propylene glycel.
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In other more preferred embodiments, the amount of co-solvent inchuded in the formulation is
about 2%, about 10%, about 20% or about 50% w/w ethanol.

[B008S] In other more preferred embodiments the co-solvent is a muxture of propylene
ghveol at about 5% w/w and ethanol at about 50% w/w, or a mixture of propylene glycol at about
5% wiw and ethanol at about 209 wiw, or & mixiure of propylene glveol st aboul 10% w/w and
ethanol at about 10% w/w, or propylene glyeol at about 10% w/w and ethanol at about 2% w/w ar
105% wiw ethanol,

[60086] Solubilizers that can be used in accordance with the current invention are

hydroxypropyl beta-cyclodexirin (“HPBCD™) and sulfobutylether cyclodextrin or a mixture

thereof.

[O08ETY In preferred embodiments, the solubilizer 18 HPBCD,

{80088 In more preferred embodiments the amount of HPECD is about 30% w/w.

{63089 Permeation enhancers that can be used in accordance with the current wnvention

include but are nol limited to menthol, limonene, carvone, methy! chitosan, polysorbates
including Tween® 80 (polysorbate 80; Tween is a registered trademark of Unigema Arericas,
LLC), sodium lauryl sulfmte, glyceryl oleate, caprylic acid, pelargonic acid, capric aeid,
undecylenic acid, lawric acid, myristic acid, palmitic acid, oleic acid, stearic acid, linolenic acid,
arachidonic acid, benzalkonium chioride (BKC), cetvipyridium chioride, edetate disodium
dihydrate, sodiom desoxycholate, sodium deoxyglyeolate, sodium glycocholate, sodium caprate,
sodium  taurocholate, sodium  hydroxybenzoyal amino  caprylate, dodecyl dimethyl
amtinopropionate, L-lysine, glycerol oleate, glveeryl monostearate, citric acid, and peppermint oil.
Preferably the permeation enhancer i3 selected from the group comsisting of menthol,
benzalkonium chloride, edetate disodium dihkydrate, caprvlic acid, and a combination thereot.
150096} In preferred embodiments, the amount of permeation enhancer is from about
0.001% to about 10 % w/w. Ina more preferred embodiment, the formulations contain from about
0.01% to about 5.0% w/w permeation enhancer. In g preferred embodiment, the formulations
contain from about 0.02% to about 2.0 % w/w permeation enhancer. Ju a most preferred
embodiment, the formulations contain 2.0 % w/w permeation enhancer.
[0e91 In preferred embodiment, the permeation enhancer is L-menthol, capryhic acid,
BKC, edetate disodium dihydrate (EDTA) or combination thereof, the preferred amount of L-

menthol is from about 0.001% to about 10.0 % whw, caprylic acid is from about (.1% to about

12
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10% w/w, BKC 1s from about §.001 to about 10 % wiw, and EIXTA is from about 8.0005% to
0.1% wiw. In a more preferred embodiment, the formulations contain from about §.01% o about
(.5% wiw L-menthol, about 0.5% 1o about 5% wiw caprylic acid, about 0.005 to about §0.1% w/w
BKC, about 0.005% to aboui 0.05% w/w EDTA, or a combination thereof. In an even more
preferred embodiment, the formulations contain from about 0.02% to about 0.5% w/w L-menthol,
about 1% to about 2% wiw caprylic acid, about 0.01 (o abouwt 8.1% w/w BKC, about 6.005 {0 sbout
0.05 % w/w EDTA or a combination thereof. In a most preferred embodiment, the formulations
contain ahout 0.5 %% wiw L-menthol, about 2% w/w caprylic acid, about 0.01 % wiw BKC, about

(.005 % edeiate disodium dihydraie, or a combination thereof.

{H0092) In yet another embodiment, the permeation enhancer is about 8.5% w/w of menthol.
{H0693] In vet another preferred embodiment, the permeation enhancer is about 2.0 %o wiw

caprylic acid.

100994] In & most preferred embodiment, the permeation enhancer is about 0.01% w/w of
benzalkonium chioride (BKC).

{30893] In a most preferced embodiment, the permeation enhancer is about 0.005%, 0.01%,
0.015% or 0.02% w/w of edetate disodium dihydrate (EDTA}.

{30096] In a further most preferred embodiment, the permeation enhancer is a combination
of 2.0 % wiw caprylic acid and 0.01% w/w of benzalkoniur chloride.

[60897] Formulations of the present invention may have a pH range from about 2.0 to about
7.0, preferably from about 3 to about 6 and more preferably from about 3 {o about 4.5 pH, most
preferably 3 or 4.5 & 01, pH adjustors that can be used iy accordance with the present invention
include but are not limited to citric acid and sodium hydroxide. In preferred embodiments, the
amount of sodium hydroxide or citric acid s from about 0.002% 1o about §.03% wiw, In more
preferred ernbodiments, the amount of sodium hydroxide is about 0.015% w/w. In other more
preferred embodiments, the amount of sodium hydroxide 15 about 0.012% w/iw.

{BGH98] In a further embodiment, the formulation containg a permeation enhancer, 2
sweetener, a sweetness enhancer, a pH modifier, a flavoring agent, a preservative, or a combination
thereof.

10099] In a preferred embodiment, the formulations contain a sweetener, In a more
preferred embodiment, the sweetener s selected from the group consisting of sucralose, aspartame,

saccharin, dexirose, mannitol, glycerin, and xylitel. In a preferred ernbodiment, the formulations
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contain from about §.001% w/w to about 2% w/iw of sweetener, In a more preferred embodiment,
the formulations contain from about $.03% w/w to about 1% wiw of the sweetener. In a most
preferred embodiment, the formulations contain sucralose as sweetener at about 0.8% w/w.

{0108 In another embodiment, the formulations contain a flavoring agent. In a preferred
embodiment, the formulations contain g Havoring agent selevted Drom the group consisting of
peppermint oil, menthol, spearmint ofl, citrus ofl, cinnamon oil, strawberry flaver, cheiry flavor,
raspberry flavor, orange oil, and a combination thereof. Other appropriate flavoring agents known
by those of skill in art could also be added to formulations of the present invention. In a preferred
embodiment, the formulations contain from about 8.001% w/w to about 1% wiw of the flavoring
agent. In a more preferred embodiment, the formulations contain from about 0.005% w/w 1o about
0.5% wiw of the flavoring agent. In a most preferred embodiment, the formulations contain
sirawberry as flavoring agent at about 0.08% wiw,

600101 In yet another embodiment, the formulations of the present invention are capable
of producing a droplet size distribution wherein the mean Dv{10} is from about 11 to about 35
microns during administration.

[660182] In a further embodiment, the formulations of the present invention are capable of
producing a droplet size distribution wherein the mean Dv(58} is fromn about 25 to gbout 33
microns during adnurnistration.

{66183) In vet another embodiment, the formulations of the present invendion are capable
of producing a droplet size distribution wherein the mean Dv(80) is from about 75 to about 600
microns during administration. Preferably, the formulations of the present invention are capable
of producing a droplet size distribution wherein the mean Dv{90} is from about 85 to about 300
microns during administration.

Formulations Without An Alcohol

{00104] In a further embodiment, the invention is directed to stable liquid spray
formulations comprising an effective amount of naloxone, a pharmaceutically acceptable salt or a
derivative thereof, water, a chelating agent and optionally, a co-solvent and the formulations do
not contaiy an alcohol.

EEIRIRY In a further embodiment, the invention is directed to stable hquid spray

formulations comprising an effective amount of naloxone, a pharmaceutically acceptable salt or a
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derivative thersof, water, and 2 permeation enbancer or a chelating agent, and optionally, a co-
solvent and the formulations do not contain an alechol.

{(08196] In another embodiment, the stable liquid spray formulations of the present
invention contain a preservative, preferably from about 0.01% to about 8.5% w/w. In a more
preferred embodiment, the preservative is methy! paraben,

{166107] In another embodiment, the stable liguid spray formuolations of the present
invention do not contain a preservative.

{000108] In another embodiment, the stable liquid spray formulations of the present
invention are suitable for nasal administration.

{B0OH109] In another embodiment, the liquid spray formulations of the present invention do
not contain an isotonicity agent.

[B00118] In another embodiment, the liquid spray formulations of the present invention do
not contain sodium chloride.

G811 1} In another embodiment, the hiquid spray formulations of the present invention do
not contain benzalkonium chloride,

1000112} In another embodiment, the liguid spray formulations of the present invention do
not contain a buffer.

608113} In another embodiment, the Hquid spray formulations of the present invention do
not contain citric acid,

606114} In a preferred embodiment, the liquid spray formulation comprises from about
0.01% wiw 1o about 20 % w/w naloxone or a salt or derivative thereof. In a more preferred
embodiment, the liquid spray formulation comprises from about 1% wiw 1o about 12% w/iw
naloxone or a salt or derivative thereof. In an even more preferred embodiment, the formulations
contatn from about 2% w/w to about 10% w/w naloxone or a salt or derivative thereof.

1680115} In another embodiment, the formulations contain from abowt 20% w/w o about
99% water. In a preferred embodiment, the formulations contain from about 30% wiw o about
98% wiw water. In a more preferred embodiment, the formulations contain from about 80% wiw
to about 98% w/w water. In a most preferred embodiment, the formuiations contain from about
81% wiw to about 98% w/iw water. Aquecus formulations of the present invention preferably

contain from about 70% to about 9% wiw water, more preferably, from about 80% to about 99%
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wiw water, In most preferred embodiments, aqueous formulations contain about from about 84%
to about 98% wiw water.

{3301 18] In an embodiment, the formulations contain from about S% w/w to about 50% wiw
giveerol, In a preferred embodiment, the formulations contain from about 10% w/w to about 40%
wiw glyeerol. In a more preferred cmbodiment, the formulations contain from about 15% wiw to
about 35% w/w glycercl.

600117} In another embodiment, the formulations may contain from about §.1% wiw to
about S0% w/w polyethyviene glveol 400, In a more preferred embodiment, the formulations
contain from about 10% w/w to about 40% wiw polyethylene glycol 400

800118} In another embodiment, the formulations contain from about 0.1% w/w to abouwt
50% w/w propylene glyeol. Ina more preferred embodiment, the formulations contain from about
10% wiw to about 40% w/w propylene glycol. In an even more preferred embodiment, the present
invention contains from about 5% to about 10% wiw propylene glycel.

H8811Y In another embodiment, the formulation containg a pharmaceutically acceptable salt
of naloxone. In g preferred embodiment, the formulation contains a salt selected from the group
consisting of hydrochloride, citrate, halide, phosphate, sulfate, acetate, ascorbate, maleate,
succinate, carbonate, mesylate and lactate. Ope of skill in the art could use other pharmaceuntically
acceptable naloxone salts in the formulations of the present invention.

1900126} In a preferred embodiment, the antioxidant is selected from the group consisting of
ascorbic acid, eysteing HCI monohydrate, citric acid, ethylenediamine tetra acetic acid (EDTA),
methionine, sodium citrate, sodium ascorbate, sodium thiosulfate, sodium metabisuifite, sodium
bisulfite, glutathione and thiogiveerol. Other appropriate antioxidants known by those of skill in
the art could also be added to formulations of the present invention, ‘

1060131} In a preferred embodiment, the formulations contain from about 0.0001% wiw to
about (.5% wiw of the antioxidant. In a more preferred embodiment, the formulations may contain
from about 0.005% w/w to about 0.2% w/w of the antioxidant. In a8 most preferred embodiment,
the formulations contain 0.05%w/w or 0.02% w/w of the antioxidant.

19800122] In another embodiment, the formulations of the present invention contain a
chelating agent. In a preferred embodiment, the chelating agent is edetate disedium dihydrate

[060123] In an embodiment, the formulations contain from about 0.0001% to about 3.5%

wiw of the chelating agent. In a preferred embodiment, the formulations contain from about

io



WO 2018/034920 PCT/US2017/046198

0.001% to about 0.30% w/w of the chelating agent. In a more preferred embodiment, the
formulations contain from about §.0053% 1o about 0.05% w/w of the chelating agent.

[0006124] In a further embodiment, the formulation contalns a permeation enbancer, a
sweelener, a sweetness enhancer, a pH modifier, a flavoring agent, a preservative, or a cornbination
thereof.

[000125] In another erabodirsent, the furmulation containg a permeation enhancer. In a
preferred embodiment, the permeation enhancer 18 selected from the group consisting of menthol,
limonene, carvone, methyl chitosan, caprylic acid pelargonic acid, capric acid, undecylenic acid,
tauric acid, myristic acid, palmitic acid, oleic acid, stearic acid, linolenic acid, arachidonic acid,
polysorbates  including Tween® 80, sodium edetate, benzalkonium chloride (BEC),
cetylpyridinium chloride, sodium lauryl sulfate, citric acid, sodivmn desoxycholate, sodium
deoxyglveolate, glyceryl oleate, glyceryl monostearate, Sodium hydroxybenzoyal amino
caprylate, sodium caprate, dodecyl dimethyl aminopropicnate, L-lysine, sodiurn glycocholate,
citric acid, peppermint oil and 2 combination thereof. In & more preferred embodiment, the
permeation enhancer is selected from the group consisting of polysorbates including Tween® 80,
sodium edetate, benzalkonium chioride (BRCO), cetylpyridinium chloride, sodium lauryl sulfate,
¢itric acid, sodium desoxycholate, sodium deoxyglyeolate, glyceryl oleate, glyceryl monostearate,
L-lysine, sodium glyeocholate, sodium taurocholate, citric acid, and a combipation thereof. Inan
even more preferred embodiment, the permeation enhancer is selected from the group consisting
of menthol, caprylic acid and BK.C.

1600126} In preferred embodiments, the amount of permeation enhancer is from about
{(3.001% to about 10 % w/w. In a more preferred embodiment, the formulations contain from about
0.001% to about 2.5% w/w permestion enhancer. In 3 most preferred embodiment, the
formulations contain from about 0.02% to about 2.0 % w/w permeation enhancer.

1806127} In a preferred embodiment, the permeation enhancer is menthol, caprylic acid, BKC
or a combination thereof, the preferred amount of L-menthol is from about 0.001%% to about 10 %
wiw, caprylic acid is from about 0.1% to 10% w/iw, BKC is from about 0,001 10 10% wiw. Ina
more preferred embodiment, the formulations contain from about 0.01% to about 0.5% w/w L-
menthol, about §.5% to 5% wiw capryvlic acid, about $.005 to 0.1% wiw BKC. In an even more
preferred embodiment, the formulations contain from about 0.02% to about 0.5% w/w L-menthol,

about 1% to 2% wiw caprviic acid, about 0.01 1o 0.1% wiw BEC. In a most preferred embodiment,
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the formulations contain about (.5 % w/w L-menthel, about 2% w/w caprylic acid and about 3.005

wiw BKC,

{G38128] In vet another embodiment, the permeation enhancer is about §.5% w/w of menthol.
600129 In yet another preferred embodiment, the permeation enhancer is about 2.0 % w/w

caprylic acid.

{800138] In a most preferred embodiment, the permeation enhancer is about 8.01% w/w of
benzalkonium chloride (BKC).
16001311 In a preferred embodiment, the formulations coutain a sweetener. In a more

preferred embodiment, the sweetener 1s selected from the group consisting of sucralose, aspartame,
saccharin, dextrose, mannitel, glveerin, and xyhitol, In g preferred embodiment, the formulations
contatn from about 8.001% w/iw to about 25 wiw of swestener. In a more preferred embodiment,
the formulations contain from about 0.05% w/w to abawt 1% w/w of the sweetener, In a most
preferred embodiment, the formulations contain sucralose as a sweelener at about 0.8% wiw,

{608132] In g further embodiment, the formulation may contain a sweetness enhancer, an
ammonium salt form of crude and refined Glyeyrrhizic Acid, for example, Magnasweet® product
{available from Mafco Worldwide Corporation, Magnasweet i3 a registered trademark of Mafco
Worldwide Corporation). Magnasweet® products use the ammonium salt forms of crude and
refined Glyoyrrhizic Actd. Glyeyrrhizie Acid is also available as a pure derivative in the sodium
and potassium salt forms.

[H00133] In another embodiment, the formulations contain a pH modifier. In a preferred
embodiment, the pH modifier adjusts the pH of the formulation to from about 2 to about 7. Ina
more preferred embodiment, the pH modifier adjusts the pH of the formulation to from about 3 to
about 6, from about 4 to abont § or from about 2 to about 4. In most preferred embodiments, the
pH medifier adjusts the pH of the formulations to about 2.5, or 3, or 4.5 £ 0.1

1606134} In another embodiment, the formulations contain a flavoring agent. In a preferred
embodiment, the formulations contain a flavoring agent selected from the group consisting of
peppermint oil, menthol, spearmingt oil, citrus oil, cinnamon ofl, strawberry flavor, cherry flavor,
raspberry flavor, orange oil, and a combination thereof. Other appropriate flavoring agenis known
by those of skill in the art could also be added to formulations of the present invention. In a
preferred embodiment, the formulations contain from about 0.001% w/w to about 1% w/w of the

flavoring agent. In a more preferred embodiment, the formulations contain from about 0.005%
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wiw to about 0.5% wiw of the flavoring agent. In a most preferred embodiment, the formulations
contain strawberry as the flavoring agent at about 0.08% w/w.

{(30135) In vet another embodiment, the formulations may contain a preservative. In a
prefarred embodiment, the preservative is selected from the group consisting of butyl paraben,
moethyl paraben, cthyl paraben, propyl paraben, sodium benzoate, and benzoic scid. In a preferred
embodiment, the formulations coptain from about 0.001% wiw t© azbout 1% wiw of the
preservative, In a more preferred embodiment, the formulations comtain from about 0.005% wiw
to about 0.2% w/w of the preservative. In a most preferred embodiment, the formulations contain
methyl paraben as a preservative at about 8.1% wiw.

1600136} In a further embodiment, the invention is directed to stable hquid spray
formulations comprising from about 1% fo abowt 16% w/w paloxone, a pharmaceutically
acceptable salt or a derivative thereof, about 10% to about 98% w/w water, about 0.005% to about
0.03% wiw of a chelating agent, preferably cdetate disodiumn dibydrate and optionally, about 2%
to about 80% wiw of a co-solvent, preferably propyiene glveol and the formulations do not contain
an aleohol.

[B80137} In a further embodiment, the invention iz directed to stable ligud spray
formulations comprising from about 1% to about 16% w/w naloxone, a pharmaceutically
acceptable salt or a derivative thereof, about 30% to about 38% w/w water, about 0.005% to about
0.05% wiw of a chelating agent, preferably edetate disodivm dihydrate and optionally, about 5%
to about 55% w/w of a co-solvent, preferably propyiene glveol and the formulstions do not contain
an alcohol. ‘

{BOD138] In a further embodiment, the invention s divected to stable liguid spray
formulations comprising from about 1% to about 10% w/w naloxone, a pharmaceutically
accepiable salt or a devivative thereot, about 80% to about 98% w/iw water, about 0.005% to about
0.05% wiw of a chelating agent, preferably edetate disodiom dihydrate and optionally, about 5%
to about 10% w/w of a co-solvent, preferably propylene glycol, and optionally about 0.1% w/w of

a preservative, preferably methyl paraben and the formuiations do not contain an aleohol.

1600139] fn vet another embodiment, the formulations of the present invention are capable
of producing a droplet size distribution wherein the mean Dv{(10) is from about 12 to about 20

microns during administration.
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{GQQMG} In a further embodiment, the formulations of the present invention are capable of
producing a droplet size distribution wherein the mean Dv{(50} is from about 25 to about 35
microns during administration.

{00141} In vet another embodiment, the formulations of the present invention are capable
of producing a droplet size distribution wheretn the mean Dv(80} s from about 40 (o about 150
witcrons during administration. Preferably, the formulations of the present invention are capable
of producing a droplet size distribution wherein the mean Dv{80} is from about 60 to about 110
microns during administration.

[600142] All claims, aspects and embodiments of the invention, and specific examples
thereof, are intended to encompass equivalents thereof,

1006143] In a further embodiment, the invention is directed {o freating patients by
administering the formulations (with or without an alcohol} of the present invention to the patient.
In a preferred embodiment, the formulations are administered in order to treat opicid dependence,
opioid overdose, and/or congenttal inscusitivity to pain with anhidrosia,

Definitions

1898144 As used herein, all numerical values relating o amounts, weights, and the like, that
are defined as “about” each particular value is plus or minus 10%. For example, the plrase “gbout
10% w/iw” is to be understood as “9% to 11% wi/w.” Therefore, amounts within 10% of the elaimed
value are encompassed by the scope of the claims.

1001453 As used herein “% wiw” refers to the percent weight of the total formudation.

13030146} As used herein the term “effective amount” refers 1o the amount necessary to freat
a patient in need thereot.

ELE R As used herein the term “patient” refers but is not imited to a person that is being
treated for opioid dependence, opicid overdose, insensitivity to pain with anhidrosis, or another
affliction or disease that can be treated with naloxone,

[800148] As used herein the phrase “pharmaceutically acceptable” refers to ingredients that
are niot biologically or otherwise undesirable in & sublingual or intranasal dosage form.

(6060149 As used herein, “stable” refers to formulations which maintain greater than 95%

Yurity following at least four weeks at about 40°C.
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[58156] Preferably, the (alcohol and alcohol-free) formulations of the present invention are
propellant free. As used herein, “propeliant free” refers to a formulation that is not administered
using compressed gas.

{660151 As used herein, the term “isotonicity agent” refers to any compound used to alter
or regulate the osmotic pressure of a formulation.

(306152} As used herein, the term “buffer” refers to any corupound used to maintain the pli
of a formulation.

{000153] The following examples are intended to 1llustrate the present invention and to feach
one of ordinary skill in the art how to make and use the invention. They are not intended to be
limiting in any way.

Examples

Fxample 1: Preparation of Naloxene Formulations Containing Ethanol

1600154] Liquid spray formulations were created by first degassing ethanol and USP puritied
water, separately. Next, the ethanol and purified water were sach purged with nitrogen. Soluble
excipients were then dissolved in either the ethanol or the purified water based on their solubility.

Next, the solutions were combined. Naloxone was added to the final solution and mixed unti}

dissolved.
{BO0155] Strawberry flavor was used as the source of the Havoring agent.
Table 1. Stable Liguid Naloxone Spray Formulations

Formulation Control | #1A L H#2A #3IA L H4A #5A #HGA @1A
Naloxone : ' | |
Hydrochloride 2.44 244 t 244 244 2.44 4.00 6.7 101
Dihvdrate
Water (LISP) 37.56 37.55 37.55 37.54 37.54 34,45 33.23 19.83
Ethanol 5 55 55 55 55 55 55 35

4

- Propylene Glyeol

{.-menthol

Sodium Thiosuifate 0.01

Citric Acid 0.0025

Flavoring agent

Edetate disodium

o U onoos | oo0s N
dihydrate o 0.005 | 0.005 1 0.005 0.005
BHA 0.01

BHT 0.005

Sodium Ascorbate

]
i
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values = Y wiw

Exampde 2 Stability Tostne of Naloxone Foymulations

1068156] The formulations listed in Table 1 were subjected to stability testing at 40°C and
5500 & 2°C under 75% & 5% relative humidity for cight weeks, The stability data was collected
at zero, one, two, three, four, and eight weeks at 535°C and at zevo, four, and eight weeks at 40°C.
Assay and Impurities were detected using high performance liquid chromatography with an
ultraviolet detector. The assay was performed at 288 nm and indicated as a % of initial
conceniration. For all impurities, analysis was performed at 240 nm and expressed as a %% area.
Amounts of particular jmpurities are listed in Tables 24 to 2F and 3A to 3H as a percentage of the
area of each formulation along with amount of total impurities, “BQL” refers to “Below

Quantifiable Limit” and “ND” refers to “MNot Detected.”

Tablos 24 1o 2F. Stability Raty for Liguid Naloxene Spray Foronlations stored gt 40°C ¢ 270

under 75% £ 5% relative unrdity

2A. Stability of Control Stored at 44°C

Maloxone RRT | T=0 |4 Weeks & Weeks
Impurity C 10661 ND | 081% | 092%
Impurity A 0831 ND | 037% 0.51%

“““““ Impurity F 06931 WD ND ND
Impurity D 114 1 ND ND ND
Impurity E 1285 | ND | 5.59% 5.53%
impurity B 321 ND 4 ND . ND

Unknown lmpurities 0,30 ND Q'B% 0.13% """

0501 ND | 028% 0.46%
Total Impunities 0.00% | 7.18% 7.60%
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2B, Stability of Form. #1 A {with Sod. Thiosulphate & Ciiric Acid)

, _ Stored at 40°C
Naloxone CRRT D T=0 | 4 Weeks 8 Weeks

| Tmpurity C 0661 ND BOL BOL
Impurity A 0.83 1 WD BOL | BOL
fmpurity £ 1093 | ND | ND | ND
Impurity D 40 ND NI ND
Impurity E 2.85 ND NIy ND
Impurity B 32 ND | WD | MND

Total Iimpurities 3.00% | 0.00% 0.00%

2C. Stability of Form. #2A (with Sod. Thiosulphate & Edetate
_Disodium Uilyedrate) Stored at 40°C

| Nafowone VRRT | T=0 |4 Weeks| 8 Weeks
fmpurity © .66 | KD BGL | BQL
Tmpurity A 0.83 1 WD BOL |  BOL
Impurity F DI3I| ND | ND | ND
Impurity D .14 | ND ND | NI
fmpurity E 285 ND ND | ND
""""""""" Tmpurity B 3210 ND | OND | ND
Total Impurities  0.00% 1 000% ¢ 0.00%

2D, Stability of Form. #3A (with BHA & BHT) Stored at 40°C

Maloxone RRT| T=0 14 Weeks| & Weeks
Impunity C 0.66 | ND BOL BOL
Tmpurity A 0831 ND BOL BOL
Tmpurity F_ 10931 ND ND ND
Impuity D 114 | ND ND . ND
ity £ sertT R R

Jpwrity B 3211 ND ND NI

Total Impurities 0.00% | G.00% 3.00%

2E. Stability of Form. #4A {with Sod. Ascorbate and Edetate
Dhisodiuom Dikedeatey Stored at 4070

| Naloxone tRRT ] T=0 14 Weeks 8 Weeks
 Imparity C - 0.66 NE BOL BOL
Tropurity A .83 ND 8.15% 3.19%
Trmpurity F 0931 N ND WNE
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Impuity D 1141 ND | ND ND
Jmpuity B 285 ] ND ND ND
Impurity B 3211 WD ND ND
Total Impurities 0.00% | 0.15% 0.19%

2F. Stability of Form. #3A (with Sod. Ascorbate and Edetate Disodium Dibydrate} Stoyed at

40°C
Naloxone RXT T=0 4 Weeks | 3 Months
Assay (%) oo 97.77 57.6
Impurity C 0.66 ND ND 0.03
Impurity A 0.83 0.1 g.12 0.15
Impurity F 6.93 ND ND ND
Impurity D 114 ND ND ND
Impurity B 2.85 ND 03 0.13
Impurity B 3.2} | ND ND ND
Total Impurities | 011 % 0625 % 0.29 %
168157} Liquid naloxone formulations of the present invention contained less than one

percent total impurities after eight weels a1 40°C. This is a stark contrast to the control formulation
which contained 7.6% impurities at the same time. Specifically, the formulations which contained
sodium thiosulfate or BHA and BHT resulted in 9% detected impurities after eight weeks. Also,
formulations which contain sodium ascorbate {0.02% wt/wt) and edetate disodinm dihydrate
(0.005% wifwt) resulied in only 0.29% total impurities after 3 months.

Tables 3A 1o 3H. Stability Data for Liguid Nalosone Sprav Formulations stored ad §87€ £2°C
3A, Stability of Control Stoved at 35°C

Naloxone RRT Te=( | Week | 2 Weeks 3 Weeks | 4 Weeks | 8 Weeks
Impugity C_ | 0.66 | ND | ND | ND 0.54% | 033% | 035%
mpurity A | 083 | Np | ND | WD 131% | 1.39% | 1.39%
Inputity P | 093 | ND | ND ND ND ND | ND
Tmpunity D] 144 | ND | ND | ND | ND ND ND
Impurity E | 2.85 | WD NI ND ND ND N}
mpury s | 321 | N0 N0 [N [N NN
0.30 . - 0.1% 0.32%
Unknown 035 ~ . 0.15% 1 0.16% 0.08%
Impurities 0.50 ama_ . 0.83% | 0.81% | 0.67%
R L N - 4% 7.50% | 6.65%
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Total Impurities

0.00%

0.60%

6.83%

1 10.29%

9.66%

3, Stability of Form. #1 A (with Sod. Thiosulphate & Citric Acid) Stored at 55°C

' Naloxone RRT T=0 L1 Week ] 2 Weeks | 3 Weeks | 4 Weeks | 8 Weeks
impurity C 6,66 | ND WD WDl 0% | 0.37% 0.29%
fmpurity A | 083 | ND | ND ND 0.14% | 0.67% | 101%
impurity F 093 | ND ND | ND ND ND ND
Imputity D 1.14 | ND ND ND ND ND ND
Impurty E | 285 | ND | ND ND 0.55% | 1.88% | 1.32%
Impurity B | 321 . ND | ND ND ND ND ND
Unknown 0.32 . y - 0.09% | 0.25%
Impurities 0.52 . . - 0.06% | 051% | 0.59%
Total Impurities 0.00% | 0.00% | 0.00% 0.87% | 3.52% | 3.66%

3C. Stability of Form. #2A (with Sod. Thiosulphate & Edetate Disodium
Dihydrate) Stored gt 35°C

Naloxone RRT T=0 |1 Week | 2 Weeks 3 Weeks 4 Weeks | 8 Weeks
Tmpurity © 0.66 | ND ND ND | ND BOL BOL
Irmpurity A 083 | ND ND ND BOL 0.07% 0.11%
Impurity F 0.93 | ND M O ND ND ND ND
Impurity B 114 | ND ND ND ND ND ND
Impurity E 2.85 | ND WD ND ND ND ND
Jmpurity B 321 | ND ND ND ND ND ND
Unknown 4 555 | : . . 0.08%
fnipurities
Total N " . N . s s
i 0.00% | 0.00% | 0.00% 0.00% 0.07% 0.19%
Impuriies {4
. Stability of Form. #3A {with BHA & BHT) Stored at 55°C
Naloxone RRT T=0 11 Week | 2 Weeks | 3 Weeks 4 Weeks | 8 Weeks |
Iropurity C 066 | ND ND N ND ND BOL
Impurity A | 0.83 | ND ND WD BOL 0.07% 0.13%
Impurtty ¥ | 0.93 NP ND WNE ND NI N
| Impurity D 1.14 | ND ND ND ND ND ND
Impurity B 2.85 ND ND ND ND NI NI
Tmpurity B 321 | ND ND ND _ND ND ND
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Unknown - o
o - .50 - ~ 0.08%
Iwpuariies 1 e

Total . oy ) .
S 0.00% | 0.00% (.00% (3.00% {3.07% 0.21%
mpurniies

3E. Stability of Form. #4A {with Sod. Ascorbate and Edetate Disodium Dihydrate) Stored at

55°C

Naloxone - RRT T 11 Week § 2 Weeks | 3 Weeks 4 Weeks | § Weeks
Tmpurity C 066 | ND | ND ND NI NI 0.06%
Impurity A 083 | ND ND ND 0.11% | 0.19% | 0.19%
Impurity ¥ | 093 | ND ND ND ND ND ND
Iputity D | 104 | ND | ND ND ND ND ND
Jropurity E 285 | ND ND ND ND ND ND
mpurity B 321 | ND | ND ND ND ND ND
lotal 0.00% | 0.00% | 0.00% 0.11% 0.19% | 025%
1mpurities :

3F. Stability of Form. # SA {with Sod. Ascorbate and Edetate Disodium Dihydrate} Stored at

55°C
Naloxone | RRT | T=0 | 2 Weeks | 4 Weeks | 6 Weeks | 8§ Waeks
Assay {%) 100 102.37 98.75 98.51 100.76
Impurity | 0.66 | WD ND N ND 0.05%
Impurity A $.83 o171 0.14 .15 0198 0.17%
Impurity F $.93 WD _ND NI WND ND
Tmpurity D 1.14 N WNE NEy ND N
Iropurity T | 2.85 | ND 0.13 .11 612 0.12%
Impurity B | 321 | ND ND ND Np ND
} .49 . - 0.06% 6.05%
Unkaown 7 g i : 0.03% :
Impurities e ; iy g
390 | = . 0.05% 0.07% 0.05%
Total 0.11% | 027% | 031% | 047 | 044%
Lmpuriies

3H. Stability of Form. #6A (with Sod. Ascorbate and HEdetate Disodium Dihydrate) Stored at

55°C
Waloxone KRT T=0 2 Weeks i 4 Weeﬁéw 8 Weeks |
Assay (%o) 110000 1 181.35 1 10269 102.99
fmpurnity € D66 | ND B BOL 0.08%
Impurity A 0.81 | BOQL 0.08% 8.19% 0.18%
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Imputity F | 0.93 | ND N NI ND
mpurity D | 1.14 | ND ND ND ND
Topurity £ | 2.85 | 0.04% | 0.07% | 0.06% | 0.10%
Tmpurity B [ 321 | ND | ND ND 0.12%
Unknown | g5 | . . 0.06%
impurities | )

Total Tmpurities | 0.04% | 0.15% | 025% | 0.54%

3G, Stability of Form. #7A (with Sod. Ascorbate and Edetate IMsodinm Dihydrate) Stored at

35°C

““““ RRT | T=0 | 2 Weeks | 4 Weeks | § Weeks '
Assay (%%} 10000 | 10091 100.92 102.03
Impurity C | 0.66 - ND 0.06% (.05% 3.11%
Impurity A 0.81 ', _BQL 8.11% (.22% 8.17%
Impurity F .93 ND | ND ND N
ImpwityD | 114 | ND | ND ND WD
Ippwrity B | 2.85 | 0.06% - 0.07% 0.06% 0.11%
Impurity B 3.21 N N3 NI 0.13%
Unkoown 0.5 - - | 0.05%
Impurities 2411 - . - 0.05%

Total Impurities 0.06% | 0.24% 0.33% 0.62%

{BO8158] Similar to the stability study at 40°C, ali of the formulations of the present invention

had significantly fewer hupurities at eight weeks compared to the control. The superior stability
characteristics of the formulations of the present invention will allow the formulations to be
effective when used by patients,

Exunple 30 Droplet Testing

[B00159] In order to determine the spray profile of Formmulation #54, it was subjected to
standardized droplet testing. A challenge of creating a Maloxone sublingual and/or intranasal spray
formulation Is that it must be capable of producing spray droplets that are over 10 microns in
diameter. Spray droplets 10 microns or smaller could be inhaled into the lungs. The optimal
particle size for sublingual and intranasal spray droplets is from 20 to about 200 microns in
diameter. It is desirable for the formulation to have droplet sizes near 20 because thus increases

the surface area and increased surface area exposure s one factor that coniributes to a high
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bicavailability, Sublingual and intranasal formulations should be able to maintain a consistent
droplet size throughout its shelf life.

808160} Droplet analysis was conducted using standard laser analysis procedures known by
those of skill in the art. Droplet size distribution (Dv1E, Dv30, D90, and Span were tested at two
distances, 3 om and 6 cm). Dv10 refers to droplet size for which 10% of the total volume is
ohtatned; DvS0 refers to droplet size for which 50% of the total volume is obtained; Dv90 refers
to droplet size for which 90% of the total volume is obtained; Span refers to distribution span
(DvO0-Dv10YDv5S0; %RED refers to the percent relative standard deviation. The results of these
tests can be seen below in Tables 4 to 9. Applcant found during testing that formulations of the
present invention vielded desirable droplet sizes for sublingual and intranasal administration. The

testing also revealed that the formulation dose remwains consistent when administered with a spray

pomp.
Table 4. Spray Profile of Naloxone Spray Formoulation #5A, Particle Size at 3 om
_ L Particle Size

Formmulation #5A

| Dy L DY{s0) DV(O0) Yo<10u Span

- Actuation | 14.79 2882 1 3809 1,225 12.57

A em  Actuation? 1 17.98 32.05 4556 | 0001 13.65

T | Actuation 3 13.46 3692 584.8 4.747 15.48

- Average 1541 1 3263 | 4768 1.9%1 14.03

Table 5. Spray Profile of Naloxone Spray Formulation #34, Particle Size at 6 cm

Particle Size

Formulation #5A ;
DY{0) | DVEO | DVEG | %<ifu | Span
Actuation | 20.58 3864 1 4986 1.918 £2.37
6 om Agtuation 2 18.67 37.59 539 4 1,537 13.59
Actuation 3 21.26 36.44 4523 17087 11,83
Average 20.17 37.56 493 4 1.741 12,60

) Spray Pattern
Formulation #5A N
Dhvoin {muny | Dimax (o | Ovality Ratio

. Actuation 1 21.2 33.4 1.577
3 em ' e - :
Actuation 2 235 313 1.342
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Actugtion 3 17.6 30.9 1.758
Average 20.8 319 1.558

Table 7. Spray Profile of Naloxone Spray Formulation #5A, Spray Pattern at 6 om

Hom

. ) N SNpray Pattern
Formulation #5A T § § -
Dmin (mm) | Dmax (mm) | Ovality Ratio
Actuation 1 24.5 55.6 2268
Actuation 2 34.3 497 1.447
Actuation 3 339 S2 1335
Average 30.9 52.4 1.750

Table & Spray Profile of Naloxone Spray Formulation #54, Plume geometry data at 3 em

““““ Plume Geometry
Formulation #5SA Angle
““““ Width (mm) {"y
Astuation 1 28.7 214
Actuation 2 25.5 45.9
3om | - i
Actuation 3 354 60.4
Average 29.9 32.5

Table 9. Spray Profile of Naloxone Spray Formulation #5A,
Plume geometry daia al 6 om

Plume Geometry
Formulation #3A | Angle
- Width (mm) {M}
Actuation | ‘ 34.3 48.4
Actuation 2 32.6 473
Goem | o ; g
- Actuation 3 - E -
| Average 53.5 479

1081611 As can be seen in Tables 4 t0 9, Formulation #5A of the present invention provided
excellent plume geometry and spray patterns.
Paample 4 Preparation of W

[G00162]

In corder 1o prepare a naloxone liguid formulation, the components as indicated in
“Tabie 10. The Components of Formulotion #1488 below were weighed, The components were
mixed unii 8 clear sohution was formed,
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Natoxone HOL dihydrate base 1.8.P. was used as the source of naloxone in the

formulations that follow. Methyl paraben, USSP, {available from Spectrum) was used as the

preservative source, Strawberry flavor, Nat&Art 915.0543 U, (available from FONA) was used

as the source of flavoring agent. Edetote Disodium Dihydrate, U.S.P., (availsble from Spectrum)

was uscd as the source of chelating agent or as antioxidant. Water, U.S.P., purified, {available

from RICCA) was used as

the source of solvent,

Table 10. The Components of Forrulation #1AF

Ingredients 5% wiw
Naloxone HCE Dihydrate 4.82
Sucralose (.80

Methvl Faraben .10

. 0.08

Flavoring agent

g o . (.05

Edetate Disodium Dihvdrate

Water USP 04.15

100.0

{33164

In order to prepare naloxone Hquid formulations, the compouents as indicated 1o

“Table 11, The Components of Control and Formudations #1A4F to #64F” below were weighed.

The components were mixed until a clear solution was formed.

Strawherry flavoring was used as the source of flavoring agent.
o o el

Table 11, The Components of Control and Formuiations #1AF to #6AF

Formulation Control | #IAF S3AF | HAAF | HSAF | #6AF
Naloxone HCL Dihydrate 483 | A48 489 | 480 | 483 | 482
Water (USP) 94.39 | 94.15 94.08 | 93.98 | 94.16 | 94.15

Sucralose 0.8 0.8 0.8 0.8 68 | 08
Methyl Paraben 0.1 8.1 . 0.1 0.1 4.1
Flavoring 008 | 008 | 008 | 008 | 008 | 008 | 008

Fdetate Disodivm Dihydrate

0.635

0.05

(.05

.0605

L-cysteine Hydrochloride
Monohydraige

{1

Sodium Ascorbate

pH
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>

Esample & Stability Tosting of Naloxone Formulatinns

000165} The formulations lsted in Table 11 were subjected to sigbiiity testing at 40°C and
35°C & 2°C under 75% £ 5% relative homidity for eight weeks, The stability data was collected
at zero, one, two, three, four, at 353°C and at zero, four weeks at 40°C. Assay and impurities were
detected using high performance Hquid chromatography with an ultraviolel detector. The ussay
was performed at 288 nm and indicated as 8 % of initial concentration. For all impurities, analysis
was performed at 240 nm and expressed as a % area. Amounts of particular impurities are listed
in Tables 12410 12G and 13A to 13C as a percentage of the area of sach formulation along with
amount of total impurities. “BQL” refers to “Below Quantifiable Limit” and “ND” refers to “Not
Detected.” “Ppro” refers to parts per mullion.

Tables 124 10 126G, Stability Data for Liquid Naloxone Spray Formulations stored a8 35°C

124, Stability of Control Stored at 557°C

Naloxone RRT =( I Week 55°C
Assay (Yo} 100 1 101.48

- Impurity C 066 + ND ND

| Impurity A 0.83 1 0.15 | .15
Impurity F | 0.93 ND i ND
Iopurity B 1.14 ND ND
Iropurity B 3.20 0.07 0.62

_____ Impurity B 3.40 ND ND
Unknown 0.49 ~ 0.07
Impurities 0.59 - .12

foral 020% | 0.96%

Impurities

12R. Stability of Form. #2AF (with Sod. ascorbate & Edetate Disodium Dihydrate) Stored at

55°C

Naloxone RRT T=0 1 Weel | 2 Weeks | 3 Weeks | 4 Weeks

pH 4.469 421 4.239 4.02 4,224
Assay (%) L 100 | 996 | 10148 98.07 98,00
Impurity C 0.66 NE | BQL | BQL BQL B{L
Impurity A 0.83 1 BOL (.09 (.28 6.27 0.18%%
Impurity F 893 1 Wb NP ND | M ND
Impurity D 1.14 N ND ND ND ND
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Lawparity B 320 4 ND MNE ND ND MND
Impurity B 3.40 ND ND N ND ND

0.33 - 0.07 0.1 0.13
. 0.49 - . 0.05 0.07 0.07%
Unknown 0.56 - 0.08 0.0 0.09 0.08
Impurities :
0.59 0.07 0.12 0.14 0.14
3.90 ~ L 049 0.15 .13 0.14
Total Impurities 0.00% | 0.33% | 0.82% 0.80% 0.74%

120, Siability of Form. #3AF (Edetate Disodium Diibydrate) Stored at 55°C

Naloxone RRT T=0 1 Weeks 2 Weeks 3 Weeks 4 Weeks
pH 416 4.23 4.168 3.94 433
Assay (%) 100 100.5 100.7 98.03 98.63
Impurity C 0.66 ND ND | ND NI N
Impurity A (.83 BOL BOL 0.21 (.18 .07
{mpurity F 0,93 ND ND WD ND ND
Impurity D 1.14 ND CND ND . ND ND
Tmpurity B 320 1 0.13 .11 0.09 | 0.09 0.08
Impurity B 3.40 ND ND ND ND ND
033 : - 0.11 0.12 0.18
0.49 - 0.09 6.1 0.11%
Unknown 059 1 ND 812 XY 0.14 0.15
Impurities : .
367 : : N G 5
%90 - 0.08 0.14 613 1 013
Total Impurities 0.13% | 0.31% 0.72% 0.76% 4.79%

12D, Stability of Form, #4AF (Edetate Disodinm Dihydrate and L-Cysteine hydrochloride)
Stored at 55°C

Naloxone RRT | T=0 | 1 Wesk | 2 Weeks | 3 Weeks | & Woeks
pH 256 2.3 2.44 2.38 2413
Assay (%) 100 98.5 | 100.03 97.87 98,39
Impurity C 0.66 ND ND 0.13 0.11 0.00%
Irpurity A 0.83 | BQL ND 622 g0 0.17%
Jmpusicy ¥ 093 | ND | ND | ND | ND ND
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Hmpurity D 1.14 ND ND NI ND ND
Impurity E 3.20 ND NDy ND ND N
Impurity B 3.49 ND ND ND N[ KD
Unknown 056 | ND | ND | 003 0.07 0.06
rpuribies
Total Impurities 0.00% | 000 1 0.40% 0.47% 033%

128, Stability of Form. #3AF {(Edetate Disodiom dihiydrate and Sodium ascorbate) Stored at

55°C
MNaloxone RRT T=0 1 Week | 2 Weeks

pH | NP NP 3,185
Assay (%) 100 | 9837 | 9812
Impurity C 066 | ND BGQL BQL
“““ Impurity A | 083 | 0.15 0.18 .11
Impurity F .93 ND ND ND
Impurity D 1.14 ND | ND ND
Impurity B | 3.20 0.07 0.16 | 0.12
Impurity B | 340 ND ND ND

Total Impurities | 022% | 034% | 0.23%

12¥. Stability of Form, #6AF (Edetate Disodium Dihydrate) Stored at 55°C

Naloxone RRT T=( 1 Week 2 Weeks | 3 Weeks | 4 Weeks
oH 3.013 3.443 3.132 | 3.241 321
Assay (%) 100.00% | 985.34% | 9836% | 98.34% | 100.07%
Impurity C | 0.66 | 010% | 030% | 02i% | G.13% | 0.13%
Impunity A 1 0.83 BGL BOL BQL | BQL BOL
fmpurity ¥ (.93 N ND N ND ND
Fnpusity D (4 | Np | ogippm | L0 LT8 ND

ppm ppm
Impurity B 320 | 0.5% | 0.15% | 0.15% | 0.17% | 0.17%
Impurity B 3.40 ND O LLLND L ND L ND F ND
Unknown 049 | - . 0.06% | 0.06% | 0.12%
Tmpurities 0.77 . - BGL | BQL 0.05%
Total Impurities 0.25% | 025% | 0.42% | 036% | 0.47%

(S]
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12G. Stability of Form. #1AF (Edetate Disodium Dihydrate) Stored at 55°C

Naloxone RRT T={ I Week 2 Weeks 3 Weeks | 4 Weeks
pH 2.505 2907 2581 1 2616 2.62
Assay (Vo) 100.00% | 107.80% 100.51% 100.07% | 102.39%
purity € (.66 0.10% | 0.10% 0.10% 0.10% | 0.09%
bopurity A 1 0.83 BOL BOL BQL BQL BOL
Impurity F (.93 ND ¢ ND N3 ND | ND
Impurity D Li4 1 NP 095ppm | 1.25ppm | 1.59ppm ND
Impurity B 3.29 0.15% 0.14% 0.15% 0.16% 0.18%
Impurity B 340 | ND ND ND ND - ND
006 | G.13% 0.13% (.13% 0.13% ND
Unknows 0.49 i i 0.08% | 0.06% | 0.05%
Impurities ; o -~ :
463 ¢ ND NI ND BOL NP
Total Impurities 0.38% 0.37% 0.46% 0.45% (.32%
[864168] Liquid naloxone formulations of the present invention cortained less than 0.8% of

total tmpurities after four weeks at 55°C. This is a stark conirast to the control formulation which
contained 0.96% impurities afier 1 week at 55°C. Specifically, the formulations which contained
sodium ascorbate or edetate disodium dihydrate exhibiled lower impurities after four weeks.

Additionally, the formulations which contained edetate disodium dihydrate were very stable.

T35 Relative Hunuginy

13A. Stability of Form. #2AF {with Sod. ascorbate & Hdetate Disodium Dihydrate) Stored at

40°C under 75% Relative Humdity

Maloxone RRT T=0 4 Weeks
pH 4.46% 4.394
Assay (%) o100 | 58.12
Impurity O 0.66 ND .06
__________ Impurity A 0.83 BOL .12
Impurity ¥ 0.93 ND NI
Impurity D 1i4 « ND o NI
Impurity B | 320 ¢+ WD | ND
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bpaity B | 340 | ND WD

N 049 ND 0.06

SUKREWR 0.59 | ND 0.06
Impurities -

1 380 | ND 0.14

Total Impurities 0.00% | 0.44%

13B. Stahility of Form. #3AF (Edetate Disodium Dihydrate) Stored at 40°C under 75% Relative
Humidity

Naloxone RRY T=0 14 Weeks
pH 4.16 4.596
Assay (%) | | 100 | 99.69
Iropurity © 0.66 ND ND
Impurity A 083 1+ BOL 1 BOL
Impurily ¥ | (.93 ND N
Impurity D 114 ND ND
Impurity £ 3.28 (.13 ND
Impurity B 3.44 ND ND
Usknown 059 | ND | 011
Impurities ) ‘ _
VVVVVVVVV 3.90 NI 0.11
Total Trupurities | (.13% | 0.22%

13C. Stability of Form. #4AF (Edetate Disodium Dihydrate and L-Cysteine hydrochloride)

Stored at 407C under 75% Relative Hurmdity

MNaloxons | RRT = W:e}(s
oH 256 | 2.502
Assay (%0) 100 97.08
Tmpurity C 0.66 NI ND
Tmpurity A 033 | BOL | 8OL
Impurity F 093 | NI ND
Tmpurity I 14 | ND | ND
fmpuwity B 320 NI ND
Impurity B 3.40 ND ND
Total Impurities | 0.00% | 0.00%
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total impuritics after four weeks gt 40°C.

Example 7 Proone!

Ik

i Teeting

(600165]

formulations were subiccted to standord frecze/thow stability testing. The results are below in

PCT/US2017/046198

“Table 14, Stability of Formulations #1AF and #64F 10 Freeze/Thaw Testing.”

The naloxone formulations of the present invention contained less than 0.45% of

In order to further determine the stability of Formulations #1AF and #6AF, the

Table 14. Stability of Formulations #1 AF and #0AF to Freeze/Thaw Testing

[ Pormutation
HIAF {0 Drug Cyele §,- | Cyeled, | Cysle2,- | Cyclel, | Cyele3, - | Cyeled,
| #OAK Substance =t} 2°C ¢ 28°C 28°C 25°C 0°C 25°C
Bate
Observed; I2/2035 | 3/16/2015 | 3/VB2015 ¢ 3/20/2015 | 3/22/2015 | 372472015 | 37262015
Physical
_appearance clear clear clear clear clear Clear | clear clear
Color colorless | colorless | colorless | colorless | colorless | colorless | colorless | Colovless
1001691 The naloxone formulations #1AF 10 #0AF were clear and colorless after several

cycles of freezing and thawing. This study further demonstrates the stability of the formulations.
Example 8 Droglet Testing

{30176

in order to determine the spray profile of Formulation #1AF, 1t was subjected {o
standardized droplet testing. As previously explained, the optimal particle size for sublingual and
intranasal spray droplets is from 20 to about 200 microns in diameter. It is desirable for the
formulation to have droplet sizes near 20 because this increases the surface area and jncreased
surface area exposure is one factor that contributes to a high bioavailability. Sublingual and
intranasal formulations should be able to maintain a consisient droplet size throughout its shelf
life.
1860171

those of skill in the art. Droplet size distribution (B 10, Dv50, I, and Span were tested at two

Droplet analysis was conducted using standard laser analysis procedures known by

distances, 3 cm and 6 cm). Dv10 refers to droplet size for which 10% of the total volume i
obtained; D50 refers to droplet size for which 30% of the total volume is obtained; DO refers
1o droplet size for which 90% of the total volume is obtained; Span refers to distribution span
(DvO0-DvIOYDvS0; %RED refers to the percent relative standard deviation. The results of these
tests can be seen below in Tables 15 to 20, Applicant found during testing that formulations of

the present invention vielded desirable droplet sizes for sublingual and intranasal administration.
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The testing also revealed that the formulstion dose remains cousistent when adrainistered with a

spray pump.

Table 13, Spray Profile of Naloxone Spray Formulation #1AF, Particle Size at 3 cm

_ o Particle Nize

Formulation #1AF ; g
DV0) | DVS6) + DV} | %<10u | Span |

Actuation | 1316 | 2623 63,21 2792 1 1.908

3 Actuation 2 11.52 27 90.85 6.547 12939
151} - :

Actuation 3 £2.95 28.39 144 3.505 14615
Average 12.54 27.21 99,4 4.281 1 335 |

Table 16. Spray Profile of Naloxone Spray Formulation #1AF, Particle Size at 6 om

e ) Particle Size
Formulation #1 AF ;

_ DY) | DVEDR DV | %<10u | Span

- Actuation | 20,18 3251 53.8 1198 1 1.037

6 om Actuaiion 2 18.02 31.45 58.48 0,024 11286
yopg : :
Actuation 3 16.81 33.44 7792 ¢ 1799 11828
_Average 18.34 32.47 $3.4 1.007 1.38

Table 17. Spray Profile of Naloxone Spray Formulation #1AF, Spray Pattern at 3 om

Sprav Pattern

Formulation #1AF :
777777 Drmin (mmy) | Dmax {mm} | Owvality Ratio |
- Actuation | 26.5 41.3 1.557
Actuation 2 24.8 435 1.751

3om R ;
- Actaation 3 26 4.6 1.402
Average 26.8 41.8 1,370

"
-4

Table 18, Spray Profile of Maloxone Spray Formulation #1AY, Spray Pattern at 6 om

. e e e Spray Pattern '
Formulation #1 AT :
vain {mm} | Drax {mum} | Ovality Ratio §
Actuation } 32.6 : 68.6 1.304 :
- Actuation 2 40.3 61.4 1.52
& em i - S i
Agctuation 3 47.5 39.7 1.256
Average 46.8 63.2 1.361

Table 19. Spray Profile of Naloxone Spray Formulation #1AF, Plume geometry data at 7 om
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Table 20, Spray Profile of Naloxone Spray Formulation #1AF, Plume geometry data at 6 om

PCT/US2017/046198

o Plume Geomelry
Formulation #1AF :
_Width (mm) | Angle (")
Agtuationl | 387 66.7
‘ Agctuation 2 37.7 64,3
3om ; .
Agtuapion 3 33.3 38
Average 37.0 63.0

Plume Geomeiry

Formulation #1AF )
Width {(mm} | Angle (%)
- Actuation | 63 349
. Actuation 2 &7.1 S8.3
fom - ) -
Agtuation 3 63 39
Average 66.0 37.4
10681721 As can be seen in Tables 15 o 20, Pormulation #1AF of the present Invention
provided excellent plume geomeiry and spray patterns.
Example & Proparation of Additional Nulexane Liguid Pormulations
10081731 In order to prepare naloxone Hauid formmulations, the components as indicated in

“Tuble 21. The Components of Formulations #84, #94, #74F and #84F” below were weighed,

The components were mixed until a clear solution was formed.

Strawberry flavoring was used as the source of flavoring agent.

Table 21. The Components of Formulations #84, #9A, #7AF and #8AF

Formulation | Control | #8A 494 | #7AF | HBAF
Naloxone 244 | 10419 | 10263 | 44196
Water (USP) 3756 | 29.506 | 31324 | 94.769

Ethanol

35

i Propylens Glveol

L-menthol

BK(—:’ ..................
Sodium Chioride

Flavoring agent

Edetate disodium
dilwvdrate

Sucralose

Caprylic Acid
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Sodium Ascorbate
pH - 4502

Exanple 10, Preparation of Additivnad Maloxens Nassd Spray Fonnulations
{00174} In order to prepare naloxone liguid formulations, the components as indicated in

Tables 22, 23 and 24 below were weighed. The components were mixed unti] a clear solution was

formed.
Table 22, Stable Naloxone Nasal Spray Formulations
"""" H10A [H11A #1244 [ #13A [ #14A [ #15A [ HIsA

Naloxone 9.49 | 8.85 875 1837 |40 875 1875
Water (USP) ;35.,5@5 6614 V7135 7951 TR RS (8138 T BLIES
Ethanol 560 1200 106120 2.0 100 1100
Propylene Glycol | 5.0 5.0 104 1100 100
EDTA 0.005 1001 R Y A Y T ER Y ST
Methyl Paraben | - - 0.1 0.1 0.1 01 a1
pH ) 45501 1 4.520.1 | 4.540.1 | 4.540.1 1 4.520.1 | 4.550.1 | 3.040.1

#17A | #18A  [#I9A | #20A
Naloxone 2405 | 2.52 14788 | 4477
Water (USP) 42.594 172738 140207 | 40513
Fthanol 500 1200 1500|200
Propylene Glyeol | 5.0 5.0 S0 3.0
EDTA TUTG60sTTa0T 0005 00
oH RS SE A W0

values = % wiw

Table 24. Stable Non-Alcoholic MNaloxone Nasal Spray Formulations

""" ROAF | HI0AF [HITAF | #I2AF
Naloxone 483 4dTTEEETIAD
Water (USP) 95.02 190495 | 8133 BS.8R
Propylene Glyeol “ 5.0 1.0 100

34



WO 2018/034920 PCT/US2017/046198
CFDTA 0.05 10005 002 0.0
Methy! Paraben | 0.1 0.1 0.1 0.1
oH 30501 14,5801 | 4.550.1 | 4.550.1
values = % wiw
{08175 All formulations of Tables 22, 23 and 24 were stable upon wixing. Formulations

of Tables 22, 23 and 24 differ from prior art naloxone nasal spray formulations because the
formulations of Tables 22, 23 and 24 do not contain an isofonicity agent, specifically sodium
chloride, a buffer, specifically citric acid, an anti-ruicrobial agent, specifically benzyl alcohol or
benzalkonium chioride. Further, formulations of Tables 22, 23 and 24 comtain EDTA at a

conceniration of no more than 0.05% wiw,

Table 25. Stability of Formulations # 9A and # 8A to Freeze/Thaw Testing

Drog | Cyeled, | Cyceled, | Cyeled, | Cyele 2, | Cyaded, | Cyeled,
Formulation | Substance =0 2800 44 °C 28°C 44 = PALEM 40°C
Pate 3/
Observed: 1/12/2016 | 1/14/2016 | 1/16/2016 { 1/18/2016 § 1/20/2016 | 1/22/2016 § 24/2Ci5
Physical
Appearance clear clear clear clear clear Clear clear clear
- Color colorless | colorless | colorless | colorless coloriess | colorless coloriess v Colorless
{306176] The naloxone formulations #8A and #9A were clear and colorless after several

cycles of freexing and thawing. This study firther demonsirates the stability of the formulations.
Example 11 Droplet Testing
{060177

In order 1o determine the spray profile of Formulation #94, 1t was subjected 1o
standardized droplet testing. As previously explained, the optimal particle size for sublingual and
intranasal spray droplets is from 20 to about 200 wicrons in diameter. 1t is desivable for the
formulation to have droplet sizes near 20 because this increases the surface area and increased
surface area exposure i3 one factor that contributes o a high bicavailability. Sublingual and
intranasal formulations should be able fo maintain a consistent droplet size throughout its shelf
life.

1G00178]

by those of skill in the art. Droplet size distribution {Dv 18, Dv30, Dv90, and Span were tested at

Droplet analysis was conducted using standard laser analysis procedures known
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two distances, 3 om and 6 cm). Dv10 refers to droplet size for which 10% of the total volume is
obtained; Dv50 refers to droplet size for which 50% of the total velume is obtained; Dv90 refers
1o droplet size for which 90% of the total volumme is obtained; Span refers to distribution span
(DvO0-DviOVDRVS0: %R 8D refers 1o the percent relative standard deviation. The results of these
tests can be seen below in Tables 26 1o 41, Applicant found during testing that formulations of
the present invention vielded desirable droplet sizes for sublingual and infravasal administration,
The testing also revealed that the formulation dose remains consistent when administered with a
spray pump.

Table 26. Spray Profile of naloxone Spray Formulation #94, Particle Size at 3 cm

S Particle Size
DV FDVED | DV | %<idu | Span

Formulation #9A

Actugtion ] | 2306 | 4428 997 011731

o \Actwmtion2 | 2208 | 4434 | 1044 | 0.661 | 1.836
T Acmation3 | 2227 | 5505 | 1075 | 1012 | 282
Average 22.47 47.89 | 1039 0558 | 2.14

, i Particlf:. Size
| DV(I0) | DY(50) | DYV(OD) | %<ibu | Span

Formulation #9A

Actuation | | 2854 | 5129 | 9187 | 2113 | 1.235
Actuation 2 2575 | 5001 | 1037 | 1.594 | 156

6 om § )
_Actuation 3 31.99 | 5177 | 85 ¢ | 1004
Average 2876 | 5102 | 935 | 1236 | 1.27

Table 28. Spray Profile of Naloxone Spray Formulation #9A, Spray Pattern at 3 o

Spray Pattern
Formulation #9A Dmin Dimax Gvality

{1 {mm) Ratio

Actuation 1 147 227 1544

. Actuation 2 14.4 218 1.317
Jom P ;

Actuation 3 15.2 2.9 1.372

Averapge | 14.8 21.8 1.478

Table 29. Spray Profile of Naloxone Spray Formulation #9A, Spray Pattern a1 6 cuo
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Spray Patiern
Formulation #94A miin Dimax , Ovaﬁty

) {tm) {mm} Ratio

Actmation ] | 23.5 30.4 291

. CActuation 2} 24.5 41.8 1.707
6 om e ; o

Actation 3 - 20LA 32.7 1.597

___ Average 228 | 358 1.532

Table 30. Spray Profile of Naloxone Spray Formulation #9A, Plume geometry data al 3 om

Formulation #9A e
Width {(mm) Angle ()

Actuation | ' 22.5 3.9
Actuation 2 i5.5 28.8

3em ; o -
Acipation 3 257 443
Average 21.2 37.6

Table 31. Spray Profile of Naloxone Spray Formulation #94,
Plume geometry data at 6 o

. Plume Geometry
Formulation #94 T
7 Width (mm} | Angle ()
| Actuation | 264 24,3
Actuation 2 25 233
& cm p— P o
Actuation 3 37.6 33.2
Average 287 26.9

Table 32. Spray Profile of Naloxone Spray Formulation # 10A, Particle Size at 3 om

Particle Size

Formulation # 10A

DV(I0) | DVES0) | DV(90) | %<10p | Span

Actuation i 1984 | 4686 | 11210 | 3744 1 2011

5 om | Actuation 2 2121 1 48.69 | 11070 | 2.503 | 1.837
_______ Average 2053 | 4777 11140 | 1924 |3.124
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Dmin Dimax Orvality
{mum} (e} Ratio
14,6 i8.4 14.6 1.261
14.1 17.9 141 1.265
3 om 5.1 17.9 15.1 1,182
14.6 181 14.6 1.2

Table 34. Spray Profile of Naloxone Spray Formulation # 10A, Spray Pattern at 6 cm

& om

_ Sypray Pattern
Formulation # 104 Dmin | Dwax Crvality
{rum} {mun) Ratio
Agctuation | 23.7 20.8 1,259
Actugtion 2 20.2 316 1.566
Agctuation 3 22.0 32.0 1,433
Average 22.0 31.20 1.40

Table 35. Spray Profile of Naloxone Spray Formulation #1104, Flume geometry data at 3 om

Formulation # 10A ¢ Plume Geomewy
VVVVVVVVVV Width (mm) | Angle (%}
Actuation} 36.7 ' 18,897
3em | Actuation 2 356,82 165.97
Average 36.76 19.97

Table 36, Sprav Profile of Naloxone Spray Formulation # 10A,

-y

Table 37.

Plome geometry date at 6 cn

Formulation #10A Plume Geometry
- Width (mum) | Angle (%)
Actuation 1 2723 25.29
6 em | Actuation 2 21.96 23.3
Average 24.60 26.30

Spray Profile of Naloxone Spray Fornulation # 11A, Paticle Size at 3 om

. L Particle Size
Formulation # 1A -
DV{I0) | BV(SH , DV(90) | %<10u | Span
Actuation 1 187 38.14 | 90.81 4.56 | 1.969
R em | Actuation 2 1511 37.9 8875 3.09 185
Average | 15405 | 3802 | 8878 | 483 | 193
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Table 38. Spray Profile of Naloxone Spray Formulation # 114, Spray Pattern at 3 cm

spray Patiern
Formulation # 1A Dinin Duntax Crvality
{mm) {mm} Ratia
Actuation 1 15.9 224 1418
. Actuation 2 18.8 20.4 1.086
Jom | ; : - :
- Actostion 3 16.2 22.5 1,392
Average 169 21.8 1.30

Table 39, Spray Profile of Naloxone Spray Formulation # 114, Spray Pattern at 6 oo

7 Spray Pattern
Formulation # 11A Tihmin Dmax Ovality

- {mm} {mmn) Ratio
Agciuation ] 20.8 - 294 141

) Actuation 2 208 1 311 1.495
Seom P ; S
Actuation 3 231 31.8 1.376
Average 218 30.8 £.40

Table 40. Spray Profile of Naloxone Spray Formulation #11A, Plume geometry data at 3 cm

Piume Geome‘t‘ry” )
Width (mom Angle {9

Formulation # 11 A

Actuation | 31.30 19,88
3 om Actuati@ng VVVVVVVVVV 36.63 19.97
Average 3387 19.58

Table 41, Spray Profile of Maloxone Spray Formulation # 114,
Plume geometry data at 6 em

Plume Geometry

Formulation #114A

Width {mm} Angle {9

| Actnation | 211 16.98

& cm | Actuation 2 21,272 22.64
Average 1 21.16 19.81

[G00179]  Ascan be seen in Tables 26 to 41, Formulation #94, # 104, and 11 A of the present

invention provided excellent plume geometry and spray patterns.
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Example 12, Pharmacokinetic Analysis
HG00180] The naloxone formulations described in Example 9, Table 21 of the instant
specification were used. For formulations #7AF and #8AF a 4-mg dose was administered. For

formulations #8A and #94 a 16-mg dose was administered.

1606181} Proiocol was a single dose crossover study. Five healthy male Yucatan minipigs
weighing approximately forty kilograms each were sublingually administered the formulations of
Table 21. The minipigs were fasted overnight and through four hours’ post administration.
Adminisiration was followed by a one week washout period. Blood samples were taken prior to
administrationand 1, 3, 5,7, 10, 15, 30 min, 1, 2, 4, 8 and 24 howrs” post dose. Blood samples
were rucasured for naloxone concentrations via liguid chromatography-tandem mass
specirometry.

(000182} The following pharmacokinetic parameters were calculated: peak concentration
in plasma (Cua and area under the concentration-time curve from time-zero to the time of the
iast quantifiable concentration {AUCq).

Resulis and Conclusions

{BGDIR3Y Results of the pharmacokinetic and statistical analysis for the naloxone
formulations in Table 21 of the present invention are shown in Table 42.
Table 42. Summary of pharmacokinetic parameters for naloxone after sublingual administration

of single doses of 4 mg and 16 mg of naloxone formulations to Yucatan minipigs under fasted

conditions.
_ Parameter* H#TAF HSAF | H8A #9A L HOA (repeat)
Crmax (g/ml) £§94272 6.8 &2.2 263+ 1.8 ge4d+2.4 586+ 2.8
* "I") ] °
Cone. @ 1 min NA 0.1 NA 242 NA
{ng/mL)
Conc. @ 3 min ) o .
Nz ] s
g/l 0.2 0.3 5 68.5 12.8
- f’ Ny M
Conc. @ 5 min 14 19 63 62.7 6.9
{ng/mkL}
R
Cone. @ 7 min 16 7.6 9.1 8.8 50.5
{ng/mi}
Al TAGD £ 20 4323420 | 23825420 31085422 | 356484728
{ng*min/ml}
A T 3 / E < - '
AUC @ 15 min 416 38 1882 615.9 5156
{ng¥*min/mL} :
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ATTC G0 30 s
AUC @ 30 min 1518 1068 504.4 9874 | 10633

*Geometric mean £ geometric standard deviation. Sample size is 5.
1600184] The peak meas naloxone concentration was significantly higher for formulation
HOA and #8A over #8ATF and #7AF. Additionslly, the area under the concentration-time curve
from thme-zero to the time of the last quantifiable concentration was significantly higher for
formulations #9A and #8A over #8ATF and #7AF. To determine if this result was based on the
four-fold increase in the dose of naloxone in formulation #9A and #3A over #3AF and #7AF the
geomeiric mean was normalized to 4 mg dose. See Figure 1. A similar pattern remains even
after normalization. Further, the peak mean naloxone concentration was significantly higher for
formulation #94, over #8A, which cannot be explained by the dosage as formulations #9A and
#8A were cach administered at 16 mg doses,
[B00185] Addittonally, formulation #9A reached about 8§0% of its peak ruean naloxone
concentration within 3 minutes of administration. In comparison, formulation #8A had reached
only 35% of its peak mean naloxone concentration within 7 minuntes, #8AF 38% i 7 minutes
and #7AF 19% in 7 minutes, In a similar coroparison formulation #9A reached 15% of s
AUC o within 15 minuies of administration, #8A reached 7.9% in 15 minntes, #8AF reached
5.8% in 15 minutes and #7AF reached 5.6% in 15 minutes.
600186} Adminisiration of naloxoene in formulations with co-solvents resulted in superior
bioavailability. Compare formulation #9A and #8A to #8AF and #7ATF. Further, the addition of
permeation enhancers such as capryhic acid and BKC resulted in further increase in

bicavailabitity. Compare formulations #9A to #8A and #7AF to #8AT.

[B00187] Formulation #9A, # 104, and 11 A from Table 21 above was subijected to stability
testing at 25°C/60% RH £ 5%, 40°C/75% + 5% relative humidity and 55°C & 2% The stability
data was collected at predetermined time points. Assay and impurities were detected using high
performance lquid chromatography with an ultraviolet detecior. The assay was performed at 288
nm and indicated as a % of initial concentration. For all impurities, analysis was performed at 240
nm and expressed as a % area. Amounts of particular impurities are listed n Tables 43 Ato [ as
a percentage of the area of each formulation along with amount of total impurities.

Table 43A. Stability Data for the Formulation #9A Stored at 25°C £ 2°C /7 60% + 5% RH
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Naloxone RRYT T=0 4 Weeks 3 Months | 6 months
VVVVVVV ‘ ) _ Clear,
Physical appearance {Clarity, Clear, Clear, Clear, Pale vellow
Color) Coloriess | Colorless Colorless i
""""  Assay (%) 0 L 9R7 9901 | 98.89
Tmpurity C 053 | ND 6.01 ND ND
Impurity A 0.63 0.02 8.07 0.02 0.04
Impurity F 0.93 ND | ND ND ND
Imputity D 114 1 WD} ND ND ND
Impurity E 1.42 0.05 0.02 0.02 0.03
Inpurity B 1.87 ND ND ND NI
Unknown Impurities 0.90 N ND 0.07 0.04
148 | ND 001 | 005 0.1
Total Impurities 0.07% 0.07% | 0.16% 0.21%

ND = Mot Detected
ppm = parts per million

Table 43B. Stability Data for the Formulation #9A Stored at 40 °C £ 2°C/ 75 % = 5% RH

Naloxone RET O T=0 4 Weeks 3 Months | 6 months
i - . Clear,
Physical appearance Clear, Clear, uf:ari E%ght Eightv
{Clarity, Color) Coloriess fight vellow brewz_nsh brownish
yellow yellow
Assay (%) ] 100 | 9909 98,63 98.08
Impurity C 0.53 ND 001 | 001 6.07
Impurity A 0.63 0.02 0.04 006 | 016
Impurity F 093 ND ND ND ND
{mpurity D 114 | ND ND ND WD
Impurity B 142 005 0.01 0.01 0.02
impurity B 187 ND ND ND ND
""" 0.56 ND 0.0% 9.04 | 010
0.71 ND L 0.04 003 | 0.06
0,79 MO ND 0.01 6.05
0.90 . ND ND 0.05 ND
Unknown fmpurities 1.23 N2 L ND ND 0.03
1.27 ND ND 0.02 0.05
1.48 ND L0407 0.14 0.2
156 ND ND | ND 007
i.84 N N 0.03 0.0z
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Total Impusities
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0.07% |

0.20%

0.42%

P

0.81% |

NI = Not Detected

ppm = parts per million

Table 43C.  Stability Data for the Formulation # 9A Stored at 55 °C = 2°C
Naloxone RRT T=0 4 Weeks { O Weeks | 8 Weeks
Physical appearance Clear, Clear, {lear, Clear,
{Clanity, Color) Colorless | yellow yellow yellow
Assay () o0 9728 97.28 94,28
Impurity C 0.53 ND .03 0.03 0.04
"""""" Impurity A 0.63 0.02 0.21 .28 0.39
Impurity F 0.93 ND ND ND ND
Impurity D 1.14 ND 9.36 ND NB
pom
Impurity B 1.42 0.05 0.05 0.05 0.05
Impurity B 1.87 NI N N NI
"""""""" ” 0.56 ND 0.13 0.14 0.19
""" 0.71 ND 0.06 0.07 0.06
0.79 ND 0.08 011 g.19
113 ND | 001 | 005 | 005
Unknown Impurities .2 N;D 0.04 0.00 0.08
: 1.30 ND ND ND (.06
1.38 ND (.02 (.06 .12
""""" 1.48 _ND 0.11 0.12 0.13
154 | ND | 0.06 | 0.07 015
1.66 ND 0.03 0.03 ND
Total Impurities 0.07% 0.83% 1.09% 1.51%

Table 4313, Stability Data for the Formulation # 10A Stored at 25°C £ 270/ 60% + 3% RH

Maloxone RRT Tl 4 Weeks 8 Weeks
Physical appearance Clear, Clear, Clear,
{Clarity, Color} Colorless Colorless Colorless
Assay (%) 100 98.9 101.55
Maloxone M-oxide ND ND N3
Impurity C (.53 ND ND N
Impurity A 0.63 NI ND ND
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Impurity F 093 ND ND M
Impurity D 1 114 ND ND ND
Imnpurity B 1.42 0.03 6.04 0.04
Impurity B 1.87 ND ND ND
1.07 0.07 0.08 0.1
,,,,,,,,,, 150 ND 0.07 0l
Total Impurities 3.12% $.19% 0.25%

Table 43E. Stability Data for the Formulation # 10A Stored at 40 °C £ 2°C /75 % = 5% RH
Maloxone RRT T=0) 4 Weeks & Weeks
Physical appearance Clear, Clear, Clear,
{Clarity, Color) Colorless Colorless Colorless
Assay (%) 100 100.65 89,4
MNaloxone n-oxide N .02 NP
Impunity C (.53 ND ND ND
fmpurity A (.63 ND 0.01 ND
Irapurity F (.53 ND KD ND
Impurity D 1.14 ND ND NP
hopurity T 1.42 .05 0.04 {14
Impurity B 1.87 NB NB ND
.71 NN 0.03 0.03
Unknown Impurities LG7 (.07 805 (.08
1.50 NI g.14 0,21
Total Impurities 0.13% (0.31% .46%

 Naloxone RRT T=0 ! Weeks | 2 Weeks | 4 Weeks | & Weeks
a;);?:;;ﬁ . {lear, ,Ci?mj’ | gz}i (?Eear;‘ Cieaf,v
(Clarity, Color) Colorless | Colorless | vellow yellow vetlow
Assay (Yo} 100 9811 9K.89 99.96 100,34
Haloxone o ND ND 0.05 0.03 NP
Impurity € | 0.53 ND 0.01 001 0.01 0.01
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Tpurity A 0.63 ND | 0.02 | 0.02 0.03 0.03
Impurity F 0.93 ND ND ND | ND | ND
Impurity D 1.14 ND ND  {23ippm| NP | NP
Impurily B 1.42 0.05 0.04 0.02 0.0 0.02
Impurity B 1.87 ND NI ND ND ND

0.56 ND T 0m 0.02 (.02 0.06
0.71 .01 0.05 0.03 0.02 0.03
0.75 ND ND 0.03 0.03 0.05
Unknown 1.07 0.07 0.07 0.07 0.07 0.07
Impurities 1.27 ND ND ND 0.04 0.08
1.30 ND ND 0.01 0.04 0.03
1.39 ND ND 0.02 0.03 0.03
150 ND 6.1 0.14 0.17 0.18
Total Impurities 0.13% 0.31% 0.42% 0.50% 0.63%

Naloxone RRT T=( 4 Weeks § Weeks
Physical appearance (Clarity, Clear, Clear, Clear,
Color) Colorless Colorless Colorless
Assay (%) 100 101.44 104.95
N Naloxone n-oxide NI NB NP
Tmpurity € 0.53 ND ND ND
Trapurity A 0.61 ND ND 0.01
Impurity F 0.93 ND ND ND
Imputy D+ 1.14 ND ND ND
tmpwity B 1.42 0.03 0.09 0.03
Impurity B 1.87 ) ND MNE ND
0.71 0.02 0.05 0.06
Unknown Impurities 1.07 0.07 0.1 0.1
1.50 ND 0.02 0.04
Total Impurities 3.12% 3.17% (.24%

Table 43H. Stability Data for the Formulation # 11A Stored at 40 °C = 2°C /75 % £ 5% RH

Naloxone

RRT

4 Weeks

2 'Weeks

L
fo]
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Physical appearance Clear, Clear, Clear,
{Clarity, Color) Colorless Colorless Colorless
Assay (Vo) 100 100.39 101.31
Naloxone n-oxide ND 0.02 ND
~ Impurity C 0.53 ND 0.01 ND
Imipurity A (.61 N 0.02 (.03
Impurity F (.93 N N3 ND
Impurity D 1.14 ND ND ND
fmpurity 5 | 1.42 0.03 0.05 §.04
Impurity B 1.87 ND ND ND
0,71 0.02 .06 .04
Unknown Impurities 107 0.07 003 0.06
1.27 ND ND 0.07
150 ND 0.05 0.08
Total Impurities 3.12% 3.26% 0.32%

Table 431, Stability Data for the Formulation # 114 Stored at 35 °C x£2°C

MNaloxone RRT T=0 1 Weeks 2 Weeks | 4 Weeks | & Weeks
Physical Clear, Clear, C%ear, C}‘earg Clear,
ap ;_?earance Colorless Colorless L;ght Light vellow

{Clarity, Color) yellow yellow :
Assay (%) 100 9848 | 10274 10114 | 10318
Naloxone n- ND ND 0.04 0.02 NP
oxide (%)
Impurity C 053 | ND ND 0.01 0.02 0.01
Impurity A 0.61 ND 0.03 0.04 0.05 0.07
impurity ¥ 0.93 ND ND ND ND ND
S = = = N =
Impurity E 1.42 0.03 0.04 0.02 0.02 0.04
Impurity B 1.87 ND ND ND ND ND
' 0.7 0.02 0.07 0.04 0.02 0.02
1.07 0.07 0.09 0.07 0.06 0.09
Unicow 1.16 ND ND 0.0] 0.02 0.05
fmpurities 1.30 ND ND 0.02 0.05 0.03
1.32 ND NI ND ¢.01 0.06
""" 1.50 ND 0.01 0.05 .10 0.13
1.59 ND ND ND 0.02 0.05
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""""" 162 ND ND ND 0.01 0.07

1.63 ND ND ND ND 0.07

173 | ND ND 0.02 0.03 0.05
Total Impurities 0.12% 0.24% 0.32% | 043% | 0.74%

WD = Not Detected

ppm = parts per million
{B00188] The data suggest that formulation #9A, #104, and #11A demonstrates satisfactory
stability with no significant increase in individuoal or total impurities. Based upon these results, the
formulation containing 0.02 % w/w of sodium ascorbate as an antioxidant and 9.001 % edetate
disodium dihydrate as a chelating agent is chernieally stable. Additionally, formulations containing
0.01 % and 0.005% edetate disodhwrn dihvdrate as a chelating agent are chemically stable.
Example 14, Intranasal aud Sublipeeal Adwinistration of Nalesone Spray Farmolations
Method

1003189] Protoco) design was a Phase 1, open-label, randomized, single-dose, five-way

crossover study. The study assessed the bicavailability of a single 8 milligrams and 16 milligrams
dose of naloxone in a formulation of the present invention either intranasally or sublingually to a
single 0.4 milligram intramuscular dose of naloxove under fasted conditions. 145 subjects were
randomly assigned to one of five groups including 8 milligrams sublingual dose, 16 milligrams
sublingual dose, § milligrams intranasal dose, 16 milligrams intravasal dose and 0.4 milligram
naloxone dose. Plasma concenirgtions were taken at pre-dose, (.03, 0.07, 0.1, 0,13, 0.17, 0.25,
(0.5, 1,2 4, 8 and 12 hours’ post-dose.

Results

1306190] As seen in Table 31 below each of infranasgl administration and sublingual
administration resulted in significamily greater plasma concentrations than intramuscular
adminisiration at all Ume points tested up to 1 hour after administration. Further intranasal
administration of naloxone resulted in significantly greater plasma concentration than sublingual
administration at all times points tested up to 1 hour after administration.

600191} However, at 2 and 4 hours post-dose the mean plasma concentration of naloxone in

subiects that were intranasally administered 16 milligrams of naloxone was significantly lower
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than that for those subject that were sublingually admiristered 16 milligramns of naloxone. The
same pattern was found with those subjects administered & milligram doses of naloxone.
1600192}

curve from time-zero to 1 hour post dose (AUC) followed the exact same pattern as described

Further, peak concentration in plasma {Cna) and area under the concentration-time

above for mean plasma concentrotions.

Table 44, Mean Plasma Concentration for § mg and 16 mg Intranasal and Subhingual

Administration
Parameters® & mg S & mg IN 16 mg SL 16 mg IN .4 mg IM
N 29 28 29 29 3
~ ./'\ S
Come. @OO3R | puoinna | 51941447 0.52 + 0.8 929+ 1431 | 0154029
{ng/ml) o
T Cane o5 007
Lonc. @OOTh | hon nog | 139541906 | 1.695 185 | 29602801 | 036038
fog/mly & 7
Cone. @ 0.1 b 088094 | I875£1561 | 2314208 | 4634£3664 | 0514041
7 {ng/ml) N e
Cone @ O3B 1 y5.093 | 204841301 | 3064339 | 493143398 | 0584039
{ng/ol)}
et
Come. @OITR L yogiyy | 199641073 | 3634383 | 457752458 | 0634036
2Tt U I S P —
Come. @O23H | 1y, y0g | 16494671 | 4392424 | 35.04£1323 | 0.69=04
{ng/ml)} i
; A0S
Conc. @05k | opaiiag | 9RE4442 | 3942296 | 22352819 | 0.62:027
aiciert ) T . .
s A
onc. @ 1h 161%0.85 | 629227 | 296%1.66 | 1407561 | 051016
(ng,me) B
Conax (ag/mL) 2.03 20.48 439 4931 0.69
AUC@ 1h . j o
2 ;) y 7
(o L) 1.68 11.18 342 24,91 0.57

*Mean & Standard Deviation

SL denotes sublingusl administration

IN denotes intranasal administration

IM denotes inframuscular administration
N denotes munber of subjects tested

h denotes hours

L
(8]
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CLAIMS:

L.

[\

it

A Hguid spray  formulation comprising an  effective amount of naloxone, a
pharmaceutically acceptable salt thereof, or a derivative thereof, water, and a chelating
agent, wherein the formulation does not contain an isotonicity agent or a buffer,

The Hguid sproy formulation of claim 1, wherein the formulation is for intranasal
administiation.

The liquid spray formulation of claim 1, wherein the formulation does not contain sodium
chloride, cliric acid, benzyl alcohel, or benzalkonium chloride.

The liguid spray formulation of claim 1, wherein:

the formulation further comprises a co-solvent selected from the group consisting of an
alechol, a glyeol, and a combination thereof; and

the chelating agent is edetate disodium dihydrate,

The liquid spray formulation of claim 4, wherein the alcohol is ethanol (dehydrated
aleohol) and the glycol is propylene glveol.

The Hauid spray formulation of claim 1, wherein the formulation has a pH from about 3.0
to about 6.0

The liquid spray formulation of claim 1, wherein the formoudation further comprises an
antioxidant,

The liquid spray formulation of claim 7, wherein the antioxidant is sodium ascorbate.

A liquid spray formulation comprising:

from about 19% to about 16% wiw naloxone, a pharmaceutically acceptable salt or a
derivative thereof;

from about 10% to about 99% wiw water;

from about 8.0001% to 8.05% w/w of a chelating agent,

wherein the formulation does not contain an isotonicity agent or a butfer and wherein %

wiw ig of the formulation.

. The lignid spray formuulation of claim @, wherein the formulation does not contain an

alcohol.
The Liquid spray formulation of claim 9, wherein:
naloxone, a pharmaceutically acceptable salt or a derivative thereof 15 at a concentration

from about 2% to about 0% w/w.

Ly
s
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i4,

17.

18.

19.

The Haguid spray formulation of claim 9, wherein water is at a concentration from about

8(%% to about 9896 w/w and wherein the formulation does not contain a co-solvent.

. The Hguid spray formulation of claim 9, wherein water 18 at a concentration from about

35% to about 85% w/w and wherein the chelating agent is edetate disodium dihydrate and
wherein the formulation further comprises from about 2% to about 90% w/w of a co-
solvent selected from the group consisting of ethanol, propylene glyeol and a combination
thereof.

The liquid spray formulation of claim 13, wherein the co-solvent is ethancl at a

concentration from about 2% to about 36% wiw,

. The Hguid spray formulation of claim 13, wherein the co-solvent is a combination of

propylene glyveol at a concentration from about 5% to about 10% w/w and ethanol at a

conceniration from about 2% to about 50% whw.

. The Hquid spray formulation of claim 13, wherein the co-solvent is a combination of

ethanol at about 20 % w/w and propylene glyeol at about 5 % w/w or ethanol at about 50
% wiw and propylene glyeol at about 5 % wiw.

The liquid spray formulation of clairn 9, wherein the formulation further comprises
propylene glveol as a co-solvent at a concentration from about 5% to about 10% w/w and
wherein the chelating agent is edetate disodium dihydrate.

The liquid spray formulation of ¢laim 1, wherein the formulation is administered in a nasal
spray device.

The liguid spray formulation of claim 18, wherein the nasal spray device has a single

reservoir comprising about 125 ul to 127 gl of the formulation.

. The liquid spray formulation of claim 18, wherein about 100 pb of the formulation is

delivered by a single actuation.
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