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NASAL DRUG PRODUCTS AND METHODS
OF THEIR USE

CROSS-[{El-l-ZRIZNCE TO RELAI‘EI)
APPLICATIONS

This application is a continuation—impart application of
Ser. No. 143950301 filed on Nov. 24, 2015. which is a
continuation of Ser. No. 14842344, filed on Nov. 16, 2015.
which is a continuation-in-part application of Ser. No.
14f659,4i'2. filed on Mar. 16, 2015, now US. Pat. No.
9,211,253, which claims benefit of Ser. No. 61l953,3?9, filed
on Mar. 14, 20] 4. This application also claims benefit ol'Ser.
No. 62r‘2]9,955._ filed on I? Sep. 2015 and Ser. No. 62r’2'r’4,
536, filed on 4 Jan. 20l6. The entire disclosures of the
applications identified in this paragraph are incorporated
herein by references.

JOINT RESEARCH AGREEMENT

The subject matter disclosed and claimed herein was
developed by or on behalf of LightLaltc Therapeutics Inc.
and Adapt l’harma Operations Ltd, as parties to a joint
research agreement, and as a result of activities undertaken
within the scope of the joint research agreement. The joint
research agreement was in effect on or before the effective
filing date of the present claims.

I’IEI D

This disclosure generally relates to pharmaceutical com-
positions comprising an opioid receptor antagonist, medical
devices for delivery of the pharmaceutical compositions,
and methods of using the compositions and the medical
devices.

BACKGROUND

This section provides background information related to
the present disclosure which is not necessarily prior an.

Opioid receptors are G protein-coupled receptors (GP-
CRs) that are activated both by endogenous opioid peptides
and by clinically important alkaloid analgesic drugs such as
morphine. there are three principal types of opioid recep—
tors: the tin-opioid receptor, the K—opioid receptor, and the
u-opioid receptor. Opioids depress respiration, which is
controlled principally through medullary respiratory centers
with peripheral input from chemoreceptors and other
sources. Opioids produce inhibition at the chemoreceptors
via u-opioid receptors and in the medulla via u- and b-opioid
receptors. While there are a number of neurotransmitters
mediating the control of respiration, glutamate and "Ir-amin-
obntyric acid (GABA) are the major cxcitatory and inhibi-
tory neurotransmitters. respectively. Oxycodone and other
opioid painkillers, as well as herein and methadone are all
implicated in fatal overdose.

in the United States. mortality rates closely correlate with
opioid sales. In 2014, there were 47.055 drug overdose
deaths in the United States, representing a 6.5% increase
from 20l3 as reported by Rudd et a]. (20W) Morbidity at:
Mortality Weekfv Report 54(50):]3i‘R—82 [starting at page
10} “Increases in Drug and Opioid Overdose Deaths—
United States, 2000—2014." Over 23,000 of those were
overdoses of herein or prescription opioids, which repre-
sents nearly a four—fold increase since 1999. Drugs classed
as prescription opioids include both typical analgesics, such
as OxyC‘ontin® (oxycodone HCl controlled-release) and

[0

IS

20

2'3

30

35

40

45

50

55

fit}

65

2

methadone (used in the treatment of dependence on other
opioids such as heroin and also prescribed for pain), but the
increase in the rate ofdrug overdose in recent years has been
driven mainlyby overdoses of prescription analgesics.

Nalo xone is an opioid receptor antagonist that is approved
for use by injection for the reversal of opioid overdose and
for adinnct use in the treatment of septic shock. It is
currently being used mainly in emergency departments and
in ambulances by trained medical professionals. There have
been efforts to expand its use by providing the drug to some
patients with take—home opioid prescriptions and those who
inject illicit drugs. potentially facilitating earlier administra-
tion of the drug.

US. Pat. No. 4,464,378 to Hussein reports a method for
eliciting an analgesic or narcotic antagonist response in a
warm-bIooded animal, which comprises administering intra-
nasally (IN) to said animal to elicit a narcotic antagonist
response, a narcotic antagonist clToctive amount of mint-one.

W0 82l03’r‘68 to Hussein reports a composition that
contains 1 mg of naloxone hydrochloride per 0.1 ml of
solution adapted for nasal administration used in the treat-
ment of narcotic induced respiratory depression (overdose)
at a dosage approxir'nately the same as that employed for
intravenous (IV). intramuscular (IM) or subcutaneous (SQ)
administration.

W0 WSZTST to Davies reports pharmaceutical compo-
sitions for IN or oral (PO) administration which comprise an
opioid antagonist, such as naloxone for application by spray
in the reversal of opioid depression for treatment of patients
suffering fi'om opioid over-dosage, wherein the spray appli-
cator is capable of delivering single or multiple doses and
suitable dosage units are in the range of 0.2 to 5 mg.

The use of nasal naloxone is not without controversy. For
instance, Dowling et al. (Ther Drug Monit, Vol 30, No 4,
August 2008) reported that naloxone administered intrans-
sally displays a relative bioavailability of 4% only and
concluded that the IN absorption is rapid but does not
maintain measurable concentrations for more than an hour.

US. Pat. No. 9,192,570 to Wyse reports naloxonc formu-
lations for intranasal administration. Wyse reports (column
2?. lines 29-3?) that benzalkonium chloride is not suitable in
such formulations, because it facilitates unacceptable deg—
radation of the rialoxone. Wysc recommends (lines 41-43)
benzyl alcohol and paraben preservatives in place of hen-
zaikonium chloride.

Thus. there remains a need for durable, easy-to-use.
needleless devices with storage—stable formulations, that can
enable untrained individuals to quickly deliver a therapeu—
tically effective dose of a rapid—acting opioid antagonist to
an opioid overdose patient. The therapeutically efiecdve
dose should be sufficient to obviate the need for the
untrained individual to administer an alternative medical
intervention to the patient, and to stabilize the patient until
professional medical care- bcrcorncs available.

SUMMARY

This section provides a general summary of the disclo-
sure, and is not a comprehensive disclosure of its full scopeor all of its features.

This disclosure provides an improved single-use. pre—
primcd device adapted for nasal delivery of a pharmaceuti-
cal solution to a patient comprising: at least about 4% (wlv)
naloxone hydrochloride or a hydrate thereof, wherein the

Copy provided by USPTO from the PIRS image Database on ltl-23-20 l E
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improvement comprises that the device is adapted to spray
a round plume with an ovalin ratio less than about 2. for
example less than about 1.5.

In anoLher embodiment, there is provided a mist compris—
ing droplets of an at least 4% (wlv) naloxone hydroeltloride
solution, wherein no more than about 10%, for example no
more than about 5%, of the droplets have a diameter less
than 10 pm.

In yet another embodiment, there is provided an improved
single—use, poo—primed device adapted for nasal delivery of
a pharmaceutical solution to a patient comprising: at least
about 4% (wlv) naloxone hydrochloride or a hydrate thereof;
and between about 0.2% and about 1.2% (wily) of an
isotoniciry agent, wherein the improvement comprises that
the device is adapted to spray a round plume with an ovality
ratio less than about 2.0.

In yet another embodiment. there is provided an improved
single-use, pre-primed device adapted for nasal delivery of
a pharmaceutical solution to a patient comprising: at least
about 4% (wtv) naloitone hydrochloride or a hydrate thereof:
and between about 0.005% and about 0.0l5% (wlv) of a
preservative. wherein the improvement comprises that the
device is adapted to spray a round plume with an ovality
ratio less than about 2.0.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the mean (:SD) naioxone plasma concen—
tration following administration of 0.4 mg intramuscular
(1M), 2 mg inuanasal (IN). and 4 mg IN in 14 human
subjects.

FIG. 2 shows the mean (:SD) naloxone plasma concen-
tration with logarithmic transformation following adminis-
tration of 0.4 mg intramuscular (TM). 2 mg intranasal (I N).
and 4 mg IN in 14 human subjects.

FIG. 3 shows the mean naloxone plasma concentration
following single intranasal administrations (FIG. 3A) and
intramuscular injections (FIG. SB) of naloxone to healthy
subjects (N=28] over a twelve—hour period.

FIG. 4 shows the mean naloxone plasma concentration
following single intranasal administrations (FIG. 4A) and
intramuscular injections (FIG. 43} of naloxone to healthy
subjects (N=28) over a four-hour period.

FIG. 5 shows the mean naloxonc plasma conccnu'auicn
following intramuscular injection of 0.4 mg naloxone (FIG.
5A, top) and one spray of 20 mgt'mL 0.3.. 2% wfv) naloxone
(FIG. SB. bottom) to healthy male (N=lt§) and female
(N=12) subjects over a twelve-hour period.

FIG. 6 shows the mean nalcxonc plasma concentration
following two sprays of 20 mgme (i.e.._ 2% wtv, FIG. 6A,
top) and one spray of 40 inglml. (i.e., 4% wt'v, FIG. 63,
bottom) to healthy male (N=l a) and female (N= 1 2) subjects
over a twelve-hour period.

FlG. 7 shows the mean naloxone plasma concentration
following two sprays of40 mgme Ge, 4% wfv) to healthy
male {N=l 6) and female (N 12) subjects overa twelve—hour
period.

DETAILED DESCRIPTION

Definition

For clarity and consistency, the following definitions will
be used throughout this patent document.

The term “active ingredient” or “pharmaceutically active
compound" is defined in the context of a “pharmaceutical
composition" and is intended to mean a component of a
pharmaceutical composition that provides the primary phar-
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macological effect, as Opposed to an “inactive ingredient"
which would generally be recognized as providing no phar-
mawutical benefit.

The term “actuation.“ as used herein. refers to operation
of the device such that the pharmaceutical composition is
delivered therefrom.

The term “agonist,” as used herein, refers to as used
herein refers to a moiety that interacts with and activates a
receptor, and thereby initiates a physiological or pharmaco—
logical response characteristic of that reCeptor. The term
“antagonist," as used herein, refers to a moiety that com-
petitively binds to a receptor at the same site as an agonist
(for example, the endogenous ligand). but which does not
activate the intracellular response initiated by the active
form of the receptor and can thereby inhibit the intracellular
responses by an agonist or partial agonist. An antagonist
does not diminish the baseline intracellular response in the
absence of an agonist or panial agonist. The term “inverse
agonist” refers to a moiety that binds to the endogenous fonn
of the receptor or to the constitutively activated form ofthe
receptor and which inhibits the baseline intracellular
response initiated by the active form ofthe receptor below
the normal base level of activity which is observed in the
absence of an agonist or partial agonist.

The term "antimicrobial preservative,“ as used herein,
refers to a phannaceutically acceptable excipient with anti-
microbial pmperlies which is added to a pharmaceutical
composition to maintain microbiological stability.

The term “AUC,” as used herein, refers to the area under
the drug plasma concentration—time curve. The term “AUG”,
1." as used herein. refers to the area under the drug plasma
concentration-time curve from t=0 to the last measurable
concentration. The term “AUCO.,,,,“ as used herein, refers to
the area under the drug plasma concentration-time curve
extrapolated to w. The term “AllCu_,_.D," as used herein,
refers to the AUC0_, normalized to 0.4 mg IM naioxone. The
term “AUCQWD,” as used herein, refers to the AUCUJ,
normalized to 0.4 mg 1M naloxone

The term “Iticlav'ailabiiit}.r (F)," as used herein, refers to
the fraction of a dose of drug that is absorbed from its site
of administration and reaches, in an unchanged form, the
systemic circulation. The term “absolute bioavailability" is
used when the fraction of absorbed drug is related to its N
bioavailability. It may be calculated using the followingformula:

A ”Cent-mum! 3068thX
A UCmmm. Dmnmmm

The term relative hioavailability (FM) is used to compare
two different exlravascular routes ot'drng administration and
it may be calculated using the following fom‘tula:

_ AUCnrmmmm-I Dnsea-muhrlrel
Auctummxfluz Downirmmuori

The term “clearance (CL).” as used herein, refers to the
rate at which a drug is eliminated divided by its plasma
concentration, giving a volume of plasma from which dmg
is completely removed per unit of time. CL is equal to the
elimination rate constant (3.) multiplied by the volume of
distribution (Vd), wherein “V,,;" is the fluid volume that
would be required to contain the amount of dnig present in
the body at the same concentration as in the plasma. The
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term “apparent clearance (CLIP)? as used herein, refers to
clearance that does not take into account the bioavailability
of the dmg. It is the ratio of the dose over the AUC.

The term "Chm" as used herein, refers to the maximum
observed plasma concentration. The term ‘17,...“er as used
herein, refers to Cm, normalized to 0.4 mg 1M naloxone.

The term “coeficient of variation (CV)," as used herein,
refers to the ratio of the sample standard deviation to the
sample mean. it is often expressed as a percentage.

The term "confidence interval." as used herein, refers to
a range of values which will include the true average value
of a parameter a specified percentage of the time.

The term “device," as used herein, refers to an apparatus
capable of delivering a drug to patient in need thereof.

The term “delivery time," as used herein, refers to the
amount of time that elapses betwmn a detennination made
by a healthcare professional. or an untrained individual that
an individual is in need of nasal delivery of an opioid
antagonist and completion of the delivery.

The term “elimination rate constant (1),“ as used herein,
refers to the fractional rate of drug removal from the body.
This rate is constant in first-order kinetics and is independent
ofdrug concentration in the body. its the slope ot'the plasma
concentration—time line (on a logarithmic y scale). The term
“3?," as used herein, refers to the terminal phase elimination
rate consan wherein the "terminal phase“ of the drug
plasma concentration-time curve is a straight line when
plotted on a semilogarithmic graph. The terminal phase is
often Called the “elimination phase" because the primary
mechanism for decreasing drug concentration during the
terminal phase is drug elimination from the body. The
distinguishing characteristic of the terminal elimination
phase is that the relative proportion of drug in the plasma
and peripheral volumes of distribution remains constant.
During this “terminal phase” drug returns from the rapid and
slow distribution volumes to the plasma, and is permanently
removed from the plasma by metabolism or renal excretion.

The term "equivalent,“ as used herein refers to a weight
of an opioid antagonist selected from naloxone and phar-
maceutically acceptable salts thereof that is equimolar to a
specified weight of naloxonc hydrochloride. For example, 8
mg of anhydrous nalnxonc hydrochloride (molecular
weight, 363.84) is equivalent to about 7.2 mg of naloxone
lreebase (molecular weight, 327.37), and to about 8 .8 mg of
naloxone hydrochloride dihydrate (molecular weight
3993?).

The term “filled." as used heroin1 refers to an association
between a device and a pharmaceutical composition, for
example. whcn a pharmaceutical composition described
herein comprising a therapeutically efi'ective amount of an
opioid antagonist is present within a reservoir that forms a
part of a device descnbed herein.

The term “hydrate," as used herein. refers to an opioid
antagonist described herein or a salt thereof that further
includes a stoichiometric or non-stoichiornetric amount of
water bound by non-covalent intermolecular forces.

The term “in need of treatment" and the term "in need
thereof‘ when referring to treatment are used interchange-
ably and refer to a judgment made by a caregiver (cg.
physician, nurse, nurse practitioner) that a patient will
benefit from treatment.

As used herein, twu embodiments are "mutually exclu-
sive“ when one is defined to be something which is dill'erent
than the other. For example, an embodiment wherein the
amount ofnaloxone hydrochloride is specified to be 4 mg is
mutually exclusive with an embodiment wherein the amount
ofnaloxone hydrochloride is specified to be 2 mg. However,
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6
an embodiment wherein the amount of naloxone hydrochlo-
ride is specified to be 4 mg is not mutually exclusive with an
embodiment in which less than about 10% of said pharma-
ceutical composition leaves the nasal cavity via drainage
into the nasopbarynx or externally.

The term “naloxoue.” as used herein, refers to a com-
pound of the following structure:

 
or a phannaocuticully acceptable salt, hydrate, or solvate
thereof. The CAS rcgistty number for naloxone is 465—65—6.
Other names for naloxonc include: l?-allyl-4,5a—cpoxy—3,
I 4—dil‘tydroxymorphinan-6-onc; (— J— l T-allyl—4,Sa epoxy—3,
ld—dihydroxymorphina n-o -one; 4,5a-epoxy—3,l 4—dihy—
droxy-1T-(Z-propenyl)morphinan-6-one; and (-)-12-allyl-'t.
73,8,9—tetrahydro-3,?a-dihydroxy~4aH-S,9c—
iminoethanuphenanthro[4,5-bcd]fi1run-S(6l l)-one.
Naloxonc hydrochloride may be anhydrous (CA3 Reg. No.
35108-4) and also forms a dihydrate (CAS No. 51481-60-
8}. ll has been sold under various brand names including
Narcan®, Nalone'EJ. Nalossonefit. Naloxona®._ Naloxo-
nuleS'F. Narcanti®_. and Narcon®.

The term “nostril," as used herein, is synonymous with
“naris.”

The term “opioid antagonist" includes, in addition to
naloxone and phannacetttically acceptable salts thereof:
naltrexone. methylnaltrcxone, and nalmefene, and pharma—
ceutically acceptable salts thereof. In some embodiments.
the opioid antagonist is naloxone hydrochloride. In some
embodiments, the opioid antagonist is naloxone hydrochlo~
ride dihydrate. In some embodiments, the opioid antagonist
is naltrexone hydrochloride. In some embodiments, the
Opioid antagonist is methylnattrexone bromide. In some
embodiments, the opioid antagonist is nalmefene hydrochlo-
ride. ln some embodiments. the nasally administering is
accomplished using a device described heroin.

The term "opioid overdose,“ as used herein, refers to an
acute medical condition induced by excessive use of one or
more opioids. Symptoms ofopioid overdose include includ—
ing respiratory depression, central nervous system depres-
sion (which may include sedation, altered level conscious-
ness, miotic (constricted) pupils). and cardiovascular
depression (which may include hypoxemia and hypoten—
sion). Visible signs of opioid overdose or suspected opioid
overdose include: unresponsiveness andfor loss of con-
seiousness (won’t respond to stimuli such as shouting,
shaking, or rubbing knuckles on sternum): slow. erratic, or
stopped breathing; slow, erratic, or stopped pulse; deep
snoring or chokingt'gurgling sounds; blue or purple finger-
nails or tips; pale andt’or clammy face; slack or limp muscle
tone; contracted pupils; and vomiting. Because opioid over-
dose may be difficult to diagnose andlor quantify, particu-
larly by a lay person, as used herein, treatment of opioid
overdose is meant to include treatment of suspected opioid
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overdose in opioid-intoxicated patients. Opioids that may
induce overdose include. codeine, morphine, methadone,
fentanyl, oxycodone HC], hydrocodone hitartt’ate, hydro-
morphone, oxymorphouc, mcperidine, propoxyphene.
opium, heroin, tramado], tapeotadol, and certain narcotic-
antagonist analgesics, such as, nalbuphine, pentazocine and
butorphanol. In some embodiments, the opioid agonist is in
a tamper-proof formulation. In some embodiments, the
opioid agonist is in a tamper—resistant formulation. In some
embodiments, the opioid agonist is selected from Acurotttli.1
Oxycodooe DETERX®, Oxycontin'fl'. Egalet hydrocodone.
Egalet morphine, ligalet oxycodooe, lixalgo'JiJ, Opanafltt,
Opanafli- ER, Vtoodin’fi, Percocetfit and Remoxy'ttt).

The term “patient," as used herein, refers to any subject
(preferably human) afllicted with a condition likely to ben-
efit from a treatment with a therapeutically efl'ective amount
of an opioid antagonist.

The terms “permeation enhancer" and "penetration
enhancer.“ as disclosed herein, are intended to be equivalent,
both referring to an agent which aids in absorption of a
compound, such as through the nasal mucosa.

The term “pharmaceutical composition." as used herein,
refers to a composition comprising at least one active
ingredient; including but not limited to, salts. solvatcs and
hydrates ot'the opioid antagonists described herein, whereby
the composition is amenable to use for a specified, effica—
cious outcome in a mammal (for exatnple1 without |imita~
tion. a human).

The term “pre—primed.," as used herein. refers to a device,
such as a nasal spray which is capable of delivering a
pharmaceutical composition to a patient it] need thereof with
the first actuation of the spray pump, i,e., without the need
to prime the pump prior to dosing, such as by actuating the
pump one or more times until a spray appears.

The term "receptor binding or mcupancy" refers to a
characteriration of the kinetics between a radioactive drug
and receptors or other binding sites throughout the body, and
characterization of the radioactive drug binding aflinity to
these receptors.

The term “recovery position,“ as used hereiu. means a
position of the human body in which a patient lies on histher
side, with a leg or knee out in front (cg, to prevent rolling
onto hisr'her stomach) and at least one hand supporting the
head (cg, to elevate the face to facilitate breathing and
prevent inhalation of vomit).

The term “solvatc,” as used herein, refers to an opioid
antagonist described herein or a salt. thereof. that further
includes a stoichiometric or non~stoichiometric amount of a
solvent bound by non-covalent intermolecular forces. Pre-
ferred solvents are volatile, non-toxic, andror acceptable for
administration to humans in trace amounts.

the tent] “sterile filling,“ as used herein. refers methods
of manufacturing the devices and pharmaceutical composi-
tions described herein, such that the use of preservatives is
not required. Sterile drug products may be produced using
aseptic processing or terminal sterilization. Terminal steril~
ization usually involves filling and scaling product contain-
ers under high-quality envimnmental conditions. In an asep-
tic procecs. the dnig product, container. and closure are first
subjected to sterilization] methods separately, as appropriate,
and then brought together.

the term “storage—stable." as used herein, refers to a
pharmaceutical composition itt which at least about 95%—
for example at least about 99.5% --of the active ingredient
remains in an undegraded state afier storage of the pharma-
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8
comical composition at specified temperature and htuiiidity
for a specified time. for example, for 12 months at 25° C. and
60% relative humidity.

The term "supine," as used herein, refers to a patient who
is lying face up.

The term "tm" or "half-life,“ as used herein, refers to the
amount of time required for halfofa drug to be eliminated
hunt the body or the time required fora drug concentration
to decline by half.

The term “tenicity agent." as used herein, refers to a
compound which modifies the osmolality of a formulation,
for example, to render it isotonic. Tonicity agents include,
dextrose, lactose, sodium chloride, calcium chloride, mag-
nesium chloride, sorbitol, sucrose, mannitol, trehalose,
raflinose. polyethylene glycol, hydroxyethyl starch. glycine
and the like.

The term “tomography.” as used herein, refers to a process
of imaging by sections. The images may be looked at
individually, as a series of two-dimensional slices or
together, as a computer—generated three-dimensional repre-
scutation.

'lhe terrn "pharmaceutically acceptable." as used herein.
refers to a component ofa pharmaceutical composition that
it compatible with the other ingredients of the formulation
and not overly deleterious to the recipient thereof.

The term “substantially free of antimicrobial preserva—
tives" is understood by one of ordinary skill in the art to
describe a pharmaceutical composition that may comprise
less titan 1% wfw antimicrobial preservatives.

The term "therapeutically effective amount." as used
herein, refers to the amount of active compound or phar—
maceutical agent that elicits the biological or medicinal
response in a tissue. system, or individual that is being
sought by a researcher, healthcare provider or individual.

The term “tum,” as used herein, refers to the time from
administration of the pharmaceutical compositions
described herein to maximum drug plasma concentration.

The term “untrained individual" rcfins to an indiVidual

administering to patient an opioid antagonist using a device
described herein, wherein the individual is not a healthcare
professional and has received little or no training in the use
of the device, such as through an overdose education and
nasal naloxone distribution (OEND) program.

Where definitions conflict as between the present text and
texts incorporated by reference, the definitions of the present
text control.
Opioid Antagonists

Provided are drug products adapted for nasal delivery of
an opioid receptor antagonist. Opioid receptor antagonists
are a well recognized class of chemical agents. They have
been described in detail in the scientific and patent literature.
Pure opioid antagonists, such as naloxonc, are agents which
Specifically reverse the effects ofopioid agonists but have no
opioid agonist activity.

Naloxone is commercially available as a hydrochloride
salt. Naloxone hydrochloride (1T-ailyl-4,Sa-epoxy-3.l4-di-
hydroxymotphinan-tS-one hydrochloride), a narcotic antago-
nist, is a synthetic congener of oxymorphone. In structure it
difl'crs from oxymorphone in that the methyl group on the
nitrogen atom is replaced by an allyl group. Naloxonc
hydrochloride is an essentially pure narcotic antagonist. i.e.,
it does not possess the “‘agonistic“ or morphine-like prop-
erties characteristic of other narcotic antagonists; naloxone
does not produce respiratory depression, psychotomimetic
etfects or pupillary constriction. in the absence of narcotics
or agonistic effects of other narcotic antagonists it exhibits
essentially no pharmacologjc activity- Naloxone has not
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been shown to produce tolerance or to cause physical or
psychological dependence. In the presence of physical
dependence on narcotics naloxone will produce withdrawal
symptoms.

While the mechanism of action of naloxonc is not fully
understood. the preponderance of evidence suggests that
naloxone antagonizes the opioid effects by competing for the
same receptor sites. When haloxone hydrochloride is admin-
istered intravenously the onset of action is generally appar—
ent within two minutes; the onset of action is only slightly
less rapid when it is administered subcutanwusly or imm-
muscularly. The duration of action is dependent upon the
dose and route of administration ofnatoxone hydrochloride.
Intramuscular administration produces a more prolonged
efl'ect than intravenous administration. The requirement for
report doses of nalurtonc, however, will also be dependent
upon the amount, type and route of administration of the
narcotic being antagonized. Following parenteral adminis-
tration naloxone hydrochloride is rapidly distributed in the
body. lt is metabolized in the liver, primarily by glucuronide
conjugation, and excreted in urine. In one study the sennn
half—life in adults ranged from 30 to 81 minutes (mean
64:12 minutes). In a neonatal study Ihe mean plasma
half-life was observed to be 1110.5 hours.

Provided are devices adapted for nasal delivery of a
pharmaceutical composition to a patient, comprising a thera-
peutically eilective amount of an opioid antagonist selected
from nalortone and pharmaceutically acceptable salts
thereof, wherein the device is pre-primed, and wherein the
therapeutically efiective amount, is equivalent to about 2 mg
to about 12 mg of naloxone hydrochloride. Also provided
are devices adapted for nasal delivery of a pharmaceutical
composition to a patient, comprising a therapeutically olfac-
tive amount of an opioid antagonist selected from naloxone
and phannaccutically acceptable salts thereof. wherein the
device is pro-primed, and wherein the therapeutically effec—
tive amount, is equivalent to about 2 mg to about 12 mg of
ualoitone hydrochloride. in some embodiments, the thera-
peutically efl'ective amount is equivalent to about 2 mg to
about 24 mg of naloxone hydrochloride. in some embodi—
ments, the therapeutically efiectivc amount is equivalent to
about 2 mg to about 12 mg of naloxonc hydrochloride. in
some embodiments, the therapeutically efl'ective amount is
equivalent to about 3 mg to about 18 mg of naioxone
hydrochloride. In some embodiments, the therapeutically
efi'ective amount is equivalent to about 4 mg to about 10 mg
ofnaloxone hydrochloride. In some embodiments. the them-
peutically ell'ective amount is equivalent to about 5 mg to
about 11 mg of nalortone hydrochloride. In some embodi-
ments, the therapeutically effective amount is equivalent to
about 6 mg to about 10 mg of naloxone hydrochloride. In
some embodiments, the therapeutically effective amount is
equivalent to about 4 mg to about 3 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
elfective amount is equivalent to about 7 mg to about 9 mg
ofnaloxone hydrochloride. In some embodiments, the them—
peutically eflective amount is equivalent to about 3.4 mg of
naloxonc hydrochloride. In some embodiments, the litera—
pcutically effective amount is equivalent to about 4 mg of
naloxone hydrochloride. In some embodiments, the thera—
peutically reflective amount is equivalent to about 5 mg of
naloxone hydrochloride. In some embodiments, the thera—
peutically effective amount is equivalent to about 6 mg of
nalortone hydrochloride. hi some embodiments. the thera—
peutically eflECtive amount is equivalent to about T mg of
nalortonc hydrochloride. In some embodiments, the thera-
peutically elfective amounl is equivalent to about 8 mg of
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naloxone hydrochloride. in some embodiments, the thera—
peutically reflective amount is equivalent to about 9 mg of
naloxone hydrochloride. in some embodiments, the thera-
peutically effective amount is equivalent to about 10 mg of
nalortonc hydrochloride. In some embodiments, the thera-
peutically elfective amount is equivalent to about 11 mg of
naloxone hydrochloride. In some embodiments, the thera—
peutically efl’ective amount is equivalent to about 12 mg of
naloxone hydrochloride. in some embodiments, the opioid
antagonist is the only pharmaceutically active compound in
plumace‘uttca} composition. in some embodiments, the
opioid antagonist is naloxone hydrochloride. In some
embodiments, the opioid antagonist is anhydrous naloitone
hydrochloride. In some embodiments. the opioid antagonist
is naloxone hydrochloride dihydrare.

while many of the embodiments of the phannaccutical
compositions described herein will he described and exem-
plified with naloxone, other opioid antagonists can be
adapted for nasal delivery based on The teachings of the
specification. In fact, it should be readily apparent to one of
ordinary skill in the art from the teachings herein that the
devices and pharmaceutical compositions described herein
may be suitable for other opioid antagonists. The opioid
receptor antagonists described herein include u-opioid
antagonists and fi-opioid receptor antagonists. Examples of
usciirl opioid receptor antagonists include naloxone, naltrex-
one, methylnaltrexone, and nalrnefene. Other uscfiil opioid
receptor antagonists are known (see. e,g., Kreek et al,, U.S.
Pat. No. 4,987,136)

Also provided are devices adapted for nasal delivery of a
pharmaceutical composition to a patient, comprising a thera-
peutically efi‘ective amount of an opioid antagonist, wherein
the device is fire—primed. and wherein the therapeutically
effective amount is about 4 mg to about 12 mg. In some
embodiments. the therapeutically efl‘ective amount is
equivalent to about 3.4 mg of naloxonc hydrochloride. In
some embodiments, the therapeutically ctl'octive amount is
equivalent to about 4 mg of naloxone hydrochloride. In
some embodiments, the opioid antagonist is selected from
naltrertone, methylnaltrexone, and nalmel'ene. and phanna-
ceutically acceptable salts thereof. In some embodiments,
the opioid antagonist is nalnexone hydrochloride. in some
embodiments, the opioid antagonist is methylnaltrcxone
bromide. in some embodiments, the opioid antagonist is
nalmefcnc hydrochloride. In some embodiments, the opioid
antagonist is the only pharmaceutically active compound in
pharmaceutical composition.
Nasal Drug Delivery Devices and Kits

Also provided are nasal drug delivery devices comprising
a pharmaceutical composition described herein. Nasal deliv—
ery is considered an attractive route for needle—free, systemic
drug delivery, especially when rapid absorption and clfect
are desired. In addition, nasal delivery may help address
issues related to poor bioavailability, slow absorption, drug
degradation, and adverse events (A115) in the gastrointestinal
tract and avoids the first—pass metabolism in the liver.

Liquid nasal formulations are mainly aqueous solutions,
but suspensions and emulsions can also be delivered. In
traditional spray pump systems, antimicrobial preservatives
are typically required to maintain microbiological stability
in liquid formulations.

Some emergency medical services (l'éMS) programs have
developed a system using existing technologies of an
approved dmg and an existing medical device to administer
naloxone intranasally, albeit in a non-FDA approved man-
ner. This has been accomplished by using the injectable
lot-mulation (1 mgi’mL) and administering 1 mL per nostril
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via a marketed nasal atomizert‘nebulizer device. The system
combines an FDA-approved naloxone injection product
(with a Luer fitted tip. no needles) with a marketed, medical
device called the Mucosal Atomization Device (MADm
Nasal, Wolfe 'I'ory Medical, Inc). The EMS programs rec—
ognize limitations of this system, one limitation being that it
is not assembled and ready-to-use. Although this adminis-
tration mode appears to be efi‘ective in reversing narcosis,the formulation is not concentrated for retention in the nasal

cavity. The human nasal cavity has a volume of 400-250
1.1L. The 1 mL delivery volume per nostril is larger than that
generally utilised for intranasal drug administration. There
fore, there is loss ofdrug from the nasal cavity. due either to
drainage into the nasopharynx or extemally from the nasal
cavity. The devices described herein are improved ready-to-
use products specifically optimized, concentrated, and for-
mulated for nasal delivery.

Metered spray pumps have dominated the nasal drug
delivery market since they were introduced. The pumps
typically deliver 100 pl. (25—200 ILL) per spray, and they
offer high reproducibility of the emitted dose and plume
geometry in in vitro tests. the particle size and plume
geometry can vary within certain limits and depend on the
properties of the pump, the formulation, the orifice of the
actuator, and the force applied. Traditional spray pumps
replace the emitted liquid with air, and preservatives are
therefore required to prevent contamination. However,
driven by the studies suggesting possible negative effects of
preservatives, pump manufacturers have developed difi'erent
spray systems that avoid the need for preservatives. 'lhese
systems use a collapsible bag, a movable piston, or a
compressed gas to compensate for the emitted liquid volume
(wwwaptatzoom and www.rexam.-oom). The solutions with
a collapsible bag and a movable piston compensating for the
emitted liquid volume ofier the additional advantage that
they can be emitted upside down, without the risk of sucking
air into the dip tube and compromising the subsequent spray.
This may be useful for some products where the patients are
bedridden and where a head down application is recom-
mended. Another method used for avoiding preservatives is
that the air that replaces the emitted liquid is filtered through
an aseptic air filter. in addition. some systems have a ball
valve at the tip to prevent contamination of the liquid inside
the applicator tip (wwwnptancom). More recently, pumps
have been designed with side-actuation and introduced for
delivery of fluticasone inmate for the indication of seasonal
and perennial allergic rhinitis. The pump was designed with
a shorter tip to avoid contact with the sensitive mucosal
surfaces, New designs to reduce the need for priming and
re-prirning. and pumps incorporating pressure point features
to improve the dose mprmiucibility and dose counters and
lock-out mechanisms for enhanced close control and safety
are available {www.rertamcom and wwwaptarcom).

Metered-dose spray pumps require priming and some
degree of ovcrfill to maintain close conformity for the
labeled number of doses. They are well suited for drugs to
be administered daily over a prolonged duration, but due to
the priming procedure and limited control oi‘dosing, they are
less suited for drugs with a narrow therapeutic window. For
expensive drugs and vaccines intended for single adminis-
tration or sporadic use and where light control of the dose
and formulation is of particular impedance. single-dose or
bi-dose spray devices are preferred (ww-waptarcom). A
simple variant of a single—dose spray device {MADTMJ is
ofi'cred by LMA (LMA, Salt Lake City, Utah, USA; www.1-
manacom). A nosepiece with a spray tip is fined to a
standard syringe. The liquid drug to be delivered is first
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drawn into the syringe and then the spray tip is fitted onto the
syringe. This device has been used in academic studies to
deliver, for example, a topical steroid in patients with
chronic rhinosinusitis and in a vaccine study. A pre—filled
device based on the same principle for one or two doses
(Accuspmym, Becton Dickinson chhnologies, Research
Triangle Park, N.C., USA; wwwbdpharrnacom) is used to
deliver the influenza vaccine FluMist (mfiumjstcom),
approved for both adults and children in the US market. A
similar device for two doses was marketed by a Swiss
company for delivery ofanother influenza vaccine a decade
ago. The single— and bi—dose devices mentioned above
consist of a reservoir. 8 piston, and a swirl chamber (see,
c.g., the UDS UnitDose and EDS BiDose devices from
Aptar, formerly Pleifl‘cr). The spray is formed when the
liquid is forced out through the swirl chamber. 'Ihese devices
are held between the second and the third fingers with the
thumb on the actuator. A pressure point mechanism incor-
porated in some devices secures reproducibility of the
actuation force and emitted plume characteristics. Currently,
marketed nasal migraine drugs like Imitrcx (wwwgskcom)
and Zomig (wwwazcom; Pfeifl‘ert‘Aptar single-dose device)
and the marketed influenza vaccine Flu-Mist (walumjst-
.com; Becton Dickinson single—dose spray device] are deliv-
ered with this type of device.

With sterile filling. the me of preservatives is not
required, but overfill is required resulting in a waste traction
similar to the metered-dose, multi-dose sprays. To emit 100
pL, a volume of 125 pl. is filled in the device (l’fcifl'ert’Aptar
single-dose device) used for the intranasal migraine medi—
cations Irnitrex [stunatriptanl and Zornig (zolmitriptan) and
about halt‘oi'that for a bi-dose design. Sterile dmg products
may be produced using aseptic processing or terminal ster-
ilization. Terminal sterilimtion usually involves filling and
sealing product containers under high-quality environmental
conditions. Products are filled and sealed in this type of
environment to minimize the microbial and particulate con-
tent of the in-process product and to help ensure that the
subsequent sterilization process is successful. In most cases,
the product, container, and closure have low biohurden, but
they are not sterile. The product in its final container is then
subjected to a steriliration process such as heat or irradia—
tion. In an aseptic process, the drug product. container, and
closure are first subjected to sterilization methods separately,
as appropriate, and then brought together. Because there is
no process to sterilize the product in its final container, it is
critical that containers be tilled and sealed in an extremely
high—quality environment. Aseptic processing involves more
variables than terminal Sterili7atjott. Before aseptic assem-
bly into a final product, the individual parts of the final
product are generally subjected to various sterilization pro
cesses. For example, glass containers are subjected to dry
heat; rubber closures are subjected to moist heat; and liquid
dosage forms are subjected to filtration. Each of these
manufacturing processes requires validation and control.

Accordingly, provided herein are devices adapted for
nasal delivery ofa pharmaceutical composition to a patient,
comprising a therapeutically efiective amount otian opioid
antagonist selected from ualoxone and pharmaceutically
acceptable salts thereof. wherein said device is pro—primed,
and wherein said therapeutically efl‘ective amount. is equiva-
lent to about 2 mg to about 12 mg of naloxonc hydrochlo-
ride.

in some embodiments, said opioid antagonist is naloxone
hydrochloride. In some embodiments. said opioid antagonist
is naloxone hydrochloride dihydrate.
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In some embodiments, said patient is an opioid overdose
patient or a suspected opioid overdose patient.

In some embodiments. said patient is in a lying, supine. or
recovery position. In some embodiments, said patient is in a
lying position. In some embodiments, said patient is in a
supine position. In some embodiments, said patient is in a
recovery position.

In some embodiments, said therapeutically effective
amount of an opioid antagonist is delivered by an untrained
individual. Also disclosed herein are methods of improving
accuracy of dose delivery by an untrained individual, the
method comprising administering a dose ofopioid antago-
nist from a device as described herein.

In some embodiments, said therapeutically effective
amount is equivalent to about 4 mg to about 10 mg of
naloitone hydrochloride. In some embodiments, said thera—
peutically effective amount is equivalent to an amount
chosen from about 2 mg naloxone hydrochloride, about 4
mg naloxone hydrochloride, and about 8 mg naloxone
hydrochloride. In some embodiments, said therapeutically
effective amount is equivalent to about 2 mg of naloxone
hydrochloride. In some embodiments, said therapeutically
eiiective amount is equivalent to about 4 mg of naloxoue
hydrochloride. In some embodiments, said therapeutically
ell'ective amount is equivalent to about 3 mg of naloxone
hydrochloride. In some embodiments. the mempeufically
eiTective amount is equivalent to about 1.4 mg of naloxonc
hydrochloride.

In some embodiments, said therapeutically effective
amount is about 2.2 mg to about 13.2 mg of naloxone
hydrochloride dihydrate. In some embodiments. said thera—
pouticallyr reflective amount is about 4.4 mg to about 11 mg
ofnaloxonc hydrochloride dihydrate. In some embodiments,
said therapeutically effective amount is an amount chosen
from about 2.2 mg naloxonc hydrochloride dihydratc. about _
4.4 mg of nalnxonc hydrochloride dihyclrate, and about 8.8
mg naioxone hydrochloride dihydrato. In some embodi-
ments, said therapeutically eEec1ive amount is about 2.2 mg
ofualoxonc hydrochloride dihydrate. In some embodiments,
said therapeutically clIective amount is about 4.4 mg of
naloxonc hydrochloride dihydrate. In some embodiments,
said therapeutically effective amount is about 8.3 mg of
naloxone hydrochloride dihydratc.

In some embodiments, said opioid antagonist is the only
pharmaceutically active compound in said pharmaceutical
composition.

In sonte embodiments, said pharmaceutical composition
comprises a solution ol'naloxonc hydrochloride, or a hydratethereof.

In some embodiments, the volume of said pharmaceutical
composition in mid reservoir is not more than about 140 pl ..

In some embodiments, about 100 [AL of said pharmaceu—
tical composition in said reservoir is delivered to said patient
in one actuation.

In some embodiments, said pharmaceutical composition
further comprises one or more excipients selected from
water and NaCl.

In some embodiments, said pharmaceutical composition
is substantially free of antimicrobial preservatives.

In some embodiments, said pharmaceutical composition
further comprises a preservative, pemteationr’pcnetration
enhancer andl'or a cationic surfactant; an isotonicity agent; a
stabilizing agent; and an amount of acid sufficient to achieve
a pH of 3.5-5.5. In some embodiments. the preservative,
permeationfpenetralion enhancer author a cationic surfactant
is selected from benzalltoniurn chloride, cyclodextrins,
fusidic acid derivatives, phospliatidylcholincs= micrtrspheres
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and liposomes, and bile salts. In a particular embodiment,
the preservative. permeatioulpenetration enhancer andfor a
cationic surfactant is bemalkonium Chloride.

1n some embodiments, said pharmaceutical compOsitiorr
further comprises one or more cxcipients selected from
water. NaCl, benzalkonium chloride, sodium edetate, diso—
dium odetate, and hydrochloric acid.

In some embodiments, said pharmaceutical composition
further comprises water, NaCI, benzalkonium chloride, diso-
dium odetate, and hydrochloric acid.

In certain embodiments, said pharmaceutical composition
comprises benzalkoniunt chloride. The can fimction as a
presen'ative [even in low amounts), a permeationlpenetra-
lion enhancer, andl'or a cationic surfactant (typically at a
higher amount for these latter two). Rmmlkonium chloride
is represented by the following structure:

film—(”3I \ .
Ha: CH; C]

in which rt is an integer, and a mixture of more than one
thereof can be used. In certain embodiments, n is 8, 10, 12,
14, 16, or 18, and in certain embodiments, n is 10, 12, 01-14.
In certain embodiments, said pharmaceutical composition
comprises about 0.005% to about 1% benzalkonium chlo—
ride. In certain embodiments, said pharmaceuticui compo—
sition comprises about 0.01% to about 1% benzalkonium
chloride. In certain embodiments, said pharmaceutical com-
position oompriscs about 0.005% to about 0.015% hon-
zalkom'um chloride.

In its capacity as a surfactant, benzalkonium chloride can
affect the surface tension of droplets from a delivered nasal
spray plume, producing spherical or substantially spherical
particles having a narrow droplet size distribution (DSD), as
well as the viscosity of a liquid formulation.

The droplet size distribution of a nasal spray is a critical
parameter, since it significantly influences the in vivo dope-
sition of the drug in the nasal cavity. The droplet size is
influenced by the actuation parameters of the device and the
formulation. The prevalent median droplet sine should be
between about 30 and about 100 pm. If the droplets are too
large (>about 120 um), deposition taltcs place mainly in the
anterior parts of the nose, and if the droplets are too small
(<about 10 pm). they can possibly be inhaled and reach the
Iungs, which should be avoided because of safety reasons
(benzalkonium chloride significantly mcrcasm mucin secre—
tion while significantly attenuating mucoiliary transport rate
and is toxic to lél-IBEMo—oells.)

Spray characterization (e.g.. plume geometry, spray pat-
tern, pump delivery, droplet size distribution. DSD) of the
delivered plume subsequent to spraying may be measured
under specified experimental and instrumental conditions by
appropriate and validated andl'or calibrated analytical pro—
cedures known in the art. These include photography, laser
difi'raction, and impaction systems (castzde impaction, next
generation impaction (Ntil), etc). Droplet sine distribution
can be controlled in terms of ranges for the D10, D50, D90.
span [(1)90—D10VD50], and percentage ufdroplets less than
10 mm. In cedairt embodiments, the formulation will have
a narrow DSD. In certain embodiments, the formulation will
have a Dv(50) of 30-?0 pm and a Dv(90)<100 pm. The
parlicie diameter "(D)" designations refer to the represen—
tative diameter where 10% (DID), 50% (D50) and 90%
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[D90) of the total volume of the liquid splayed is made up
ofdroplets with diameters smaller than or equal to the statedvalue.

In certain embodiments, the percent of droplets less than
10 pm will be less than 10%. In cenain embodiments, the
percent of droplets less than 10 um will be less than 5%. In
certain embodiments, the percent ofdroplets less titan 10 pm
will be less than 2%. In cenain embodiments, the percent of
droplets less than 10 pm will be less than 1%. [n certain
embodiments, the spray—also described at times as a
“mist” --having these droplet size characteristics can com-
prise a preservative composed of one or more compounds of
formula (I)

{i}

Ext-Fat"

Int"r \(THg C"

”in
v'v' ersir. n is 1 e. i etc..." from thegroup mcsictntingu
8 [0.12, 4,16artdlB.For example, It can be an integer
selected from the group consisting of 10, 12, and 14

In certain embodiments, the formulation when dispensed
by actuation from the device will produce a uniform circular
sprayr plume with an ovality ratio close to 1. In certain
embodiments. the ovality ratio is between 0.7 and 2.5. In
certain embodiments, the ovality ratio is less than 2.0. In
certain embodiments, the ovality ratio is less than 1.5. In
certain embodiments, the ovality ratio is less than 1.3. In
certain embodiments, the ovality ratio is less than 1.2. In
certain embodiments, the ovality ratio is less than Ll. In
certain embodiments, the ovalily ratio is about 1.0.

When bemlkonium chloride is provided in a formulation
in an amount efl'ective to function as a permeationfpenetm—
tion enhancer and’or a cationic surfactant, the spray pattern,
droplet size and DSD are expected to provide improved
pharmacokinetic outcomes such as CW”, law, and linear
dose proportionality compared to both intramuscular formu-
lations and intranasal formulations that do not contain
henzalkonium chloride in an amount eti'cctive to function as
a “HuaqtirmtnauMHih-m anlrlunnnr ondfnr a. rotinnir an a.u y‘- mcauwuyciwu «um. hxmuw u. a comm-n. amine-v—
tant. In certain embodiments, a formulation as disclosed
herein comprising benzalkonium chloride in an amount
effective to function as a permeationfpcnetration enhancer
andlor a cationic surfactant will yield a formulation that is at
least 35% bioavailable, at least 40% bioavailable, at least
45% bioavailahle. at least 50% bioavailable, or at least 55%
bioavailable.

Accordingly, provided herein is a drug product compris-
ing a combination ofa therapeutically effective amount of an
opioid ngonist and a therapeutically effective amount of
naloxonc hydrochloride or a hydrate thereof, wherein said
ualoxonc hydrochloride or hydrate thereof is contained in a
single—use. pre-primed device adapted for nasal delivery of
a pharmaceutical composition to a patient by one actuation
of said device into one nostril of said patient, and wherein
the single-use, pro-primed device comprises a resort-ton
containing a pharmaceutical composition which is an aque-
ous solution of about 100 ttL comprising:

naloxonc hydrochloride or a hydrate thereof'.
bettzalltonium chloride in an amount eflective to Function

as a permeatiorfipenetration enhancer andjor a cationic
surfactant;

an isotonicity agent;
a stabilizing agent; and
an amount of acid sufficient to achieve a pH of 3.55.5.
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In certain embodiments, the singlousc, pro-primed device

adapted for nasal delivery of a pharmaceutical composition
to a patient comprises between about 2 mg and about 12 mg
of the naloxone hydrochloride or a hydrate thereof.

In certain embodiments, the single-use, pro-primed device
adapted for nasal delivery of a pharmaceutical composition
to a patient comprises about 2 mg. about 4 mg, or about 8
mg of the naloxone hydrochloride or a hydrate thereof.

In certain embodiments, the aqueous solution comprises:
between about 2 mg and about 12 mg of the naloxone

hydrochloride or a hydrate thereof:
between about 0.001 mg and about 0.1 mg (i .e.. about

0.01% wt’v to about 1% wtv) benzalltonium chloride;
between about 0.2 mg and about 1.2 mg of an isotonicity

agent:
between about 0.] mg and about 0.5 mg oi'a stabilizing

agent; and
an amount of acid sufficient to achieve a pH of 3.5-5.5.
In certain embodiments,
the isotonicity agent is Not];
the stabilizing agent is disodium odetate: and
the acid is hydrochloric acid.
In certain embodiments. the aqueous solution comprises:
about 4.4 mg naloxone hydrochloride dihydt‘ate;
about 0.74 mg NaCl;
between about 0.001 mg and about 0.1 mg (Le, about

0.01% wtv to about 1% wtv) benzalkoniurn chloride;
about 0.2 mg disodium cdctate; and
an amount of hydrochloric acid sufficient to achieve a pit

of 3.5—5.5.

Altai provided herein is a drug product comprising a
combination of a therapeutically efiective amount of an
opioid agonist and a therapeutically effective amount of
naloxone hydrochloride or a hydrate thereof, wherein said
naloxone hydrochloride or hydrate thereof is contained in a
pro—primed, bi-dosc device adapted for nasal delivery of a
pbamtaccutical composition to a patient, wherein a first
volume of said pharmaceutical composition is present in a
first reservoir, and a second volume ol‘ said pharmaceutical
composition is present in a second reservoir, and wherein
pair-t rllnmnnnlizualIII rattler-Hum nmo‘lnf n-F‘osul Aninirl ant-sun_.miu ”1‘..quuse-"J \ruum". am or nun-I \Jylvlumm5

nist is delivered essentially by a first actuation of said drug
delivery device from said first reservoir into a nostril of said
patient and a second actuation of said drug delivery device
from said second reservoir into a nostril ofsaid patient; each
reservoir comprising a pharmaceutical composition which is
an aqueous solution 01‘ about 100 .uL comprising:

an isotonicity agent;
benzalkonjum chloride in an amount edective to function

as a permeationfpenetration enhancer andr'or a cationic
surfactant;

a stabilizing agent; and
an amount of acid sufficient to achieve a pH of 3.5-5.5.
In certain embodiments, each reservoir of the pre—primed,

bi-dose device adapted for nasal delivery of a pharmaceu-
tical composition to a patient compri ties between about 2 mg
and about 12 mg ofthc nalnxone hydrochloride or a hydrate
thereof.

In cenain embodiments= each reservoir of the tire-primed,
bi—dose device adapted for nasal delivery of a pharmaceu—
tical composition to a patient comprises about 2 mg, about
4 mg: or about 8 mg of the neloxone hydrochloride or a
hydrate thereof.

In certain embodiments, the aqueous solution comprises:
between about 2 mg and about 12 mg of the naloxone

hydrochloride or a hydrate thereof;
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between about 0.001 mg and about 0.] mg (i.e., about
0.01% wlv to about 1% wr'v) benzalkoniurn chloride;

between about 0.2 mg and about 1.2 mg of an isotonicity
agent;

between about 0.1 mg and about 0.5 mg of a stabilizing
agent; and

an amount of acid suflicient to achieve a 1)” or 3.5—5.5.
In certain embodiments,
the isolonicity agent is NaCI;
the stabilizing agent is disodium odelate; and
the acid is hydrochloric acid.
In certain embodiments. the aqueous solution comprises:
about 2.2 mg or about 4.4 mg naloxone hydrochloride

dihydrate;
between about 0.001 mg and about 0.1 mg (i.e., about

0.01% wr’v to about 1% wr‘v) benmlkoninm chloride;
about 0.2 mg disodiurn edetate; and
an amount of hydrochloric acid suificient to achievea pH

of 3.5—5.5.

in certain embodiments. each reservoir comprises about
2.2 mg of the naloxone hydrochloride dihydrate.

In certain embodiments. each reservoir comprises about
4.4 mg of the naloxone hydrochloride dihydi‘ate.

Also provided herein is a method of lowering opioid
overdose risk in an individual at risk for opioid overdose,
comprising providing to the individual at risk for opioid
overdose a combination of a therapeutically etl‘ective
amount of an opioid agonist and a therapeutically eiIective
amount of naloxone hydrochloride or a hydrate thereof,
wherein said nalortonc hydrochloride or hydrate thereof is
contained in a single-um, pro-primed device adapted for
nasal delivery ofa pharmaceutical composition to a patient
by one actuation of said device into one nostril of said
patient, and wherein the single—use, pre-primed device cont-
pt'ises a reservoir containing a pharmaceutical composition
which is an aqueous solution of about 100 uL comprising:

naloxone hydrochloride or a hydrate thereof;
an isotoniciry agent:
henzalkonium chloride in an amount effective to function

as a permntionr’penetration enhancer and’or a cationic
surfactant;

a stabilizing agent: and
an amount of acid suflicient to achieve a pH of 3.5-5.5.
In certain embodiments. the single—use, pre—pri med device

adapted for nasal delivery of a pharmaceutical composition
to a patient comprises between about 2 mg and about 12 mg
of the naloxone hydrochloride or a hydrate thereof.

In certain embodiments. the single-use, pre-piinied device
adapted for nasal delivery of a pharmaceutical composition
to a patient comprises about 2 mg, about 4 mg. or about 8
mg or" the nalortone hydrochloride or a hydrate thereof.

In certain embodiments, the aqueous solution comprises:
between about 2 mg and about 12 mg of the naloxone

hydrochloride or a hydrate thereof;
between about 0.00] mg and about 0.1 mg (1.9.. about

0.01% wr’v to about 1% wfv) benzalkonirmr chloride;
between about 0.2 mg and about 1.2 mg ofan isotonjcity

agent;
between about 0.1 mg and about 0.5 mg of a stabilizinguliur’l" aim-I“Elem, Emu

an amount of acid suficient to achieve a pH of 3.5-5.5.
[11 certain embodiments,
the isotoniciry agent is NaCl;
the stabilizing agent is disodium edetate; and
the acid is hydrochloric acid.
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In certain embodiments, the aqueous solution comprises:
about 4.4 mg naloxonc hydrochloride dihydrate;
about 034 mg NaCl;
between about 0.001 mg and about 0.1 mg (i.e., about

0.01% wiv- to about 1% wlv) benzalkonium chloride;
about 0.2 mg disodium edetate; and
an amount of hydrochloric acid sufficient to achieve a pH

of 3.5-5.5.

Also provided herein is a method of lowering opioid
overdose risk in an individual at risk For opioid overdose,
comprising providing to the individual at risk for opioid
overdose a combination of a therapeutically etibclive
amount of an opioid agonist and a therapeutically efi‘ective
amount of naloxone bydrochlodde or a hydrate thereof,
wherein said naloxone hydrochloride or hydrate thereof is
contained in a pre-primed, bi—dnse device adapted for nasal
delivery of a phannaccntical composition to a patient,
wherein a first volume of said pharmaceutical composition
is present in a first reservoir, and a second volume of said
pharmaceutical composition is present in a second reservoir,
and wherein said therapeutically efiective amount of said
opioid antagonist is delivered essentially by a first actuation
of said drug delivery device from said first reservoir into a
nostril oi" said patient and a second actuation of said drug
delivery device from said second reservoir into a nostril of
said patient; each reservoir comprising a pharmaceutical
composition which is an aqueous solution of about 100 pL
comprising:

naloxone hydrochloride or a hydrate thereof;
between about 0.2 mg and about 1.2 mg ot‘an isotonicity

agent;
benzalkonium chloride in an amount effective to function

as a permeatiorv'penetration enhancer andr'or a cationic
surfactant;

a stabilizing agent; and
an amount of acid suflicient to achieve a pH of 3.5—5.5.
In certain embodiments, the single-use. pre-primed device

adapted for nasal delivery ofa pharmaceutical composition
to a patient comprises between about 2 mg and about 12 mg
of the naloxone hydrochloride or a hydrate thereof.

In certain embodiments, each reservoir of the single-use,
pre-primod device adapted for nasal delivery of a pharma-
ceutical composition to a patient comprises about 2 mg,
about 4 mg, or about 8 mg of the nalortone hydrochloride or
a hydrate thereof.

In cenain embodiments. each reservoir comprises about 2
mg of the naloxone hydrochloride or a hydrate thereof.

in certain embodiments, each reservoir comprises about 4
mg of the naloxone hydrochloride or a hydrate thereof.

In certain embodiments, the aqueous solution comprises:
between about 2 mg and aboul 12 mg of the naloxone

hydrochloride or a hydrate thereof;
between about 0.001 mg and about 0.1 mg (i.e., about

0.01% wfv to about 1% wr'v) benzalkonium chloride:
between about 0.2 mg and about 1.2 mg of an isotoniciry

agent;
between about 0.1 mg and about 0.5 mg of a stabilizing

agent; and
an amount of acid sufficient to achieve a pH of 3.5-5.5.
In certain embodiments,
the isotonicity agent is Naif}:
the stabilizing agent is disodium edetate', and
the acid is hydrochloric acid.
In certain embodiments, each reservoir comprises:
about 2.2 mg or about 4.4 mg naioxone hydrochloride

dibydratc;
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about 0.74 mg Naf'l;
between about 0.001 mg and about 0.1 mg (i.e., about

0.01% “W to about 1% wlv) benzalkonium chloride;
and

about 0.2 mg disodium edetatc. 5
In some embodiments, said phannaceufical composition

further comprises one or more cxcipienls selected Irom
water, NaCl, benznlkoniurn chloride, sodium edelate, diso—
dium edetate, and hydrochloric acid.

In some embodiments. said pharmaceutical composition
further comprises water, NaCl, benzalkonjum chloride, diso-
dium edetate, and hydrochloric acid.

In some embodiments, said phamiaoeutical composition
further comprises:

an isotonicity agent;
a preservative;
a stabilizing agent;
an amount of acid sufiicient to achieve a pl] of 3.5—5.5;

and an
an amount of water sufficient to achieve a final volume of

about 100 |.LL.
In some embodiments, said pharmaCeutical composition

comprises:
between about 0.2 mg and about 1.2 mg of an isotonicity 25

agent;
between about 0.005 mg and about 0.015 mg of a com-

pound which is a preservative, cationic surfactant,
andr'or permeation enhancer;

between about 0.] mg and about 0.5 mg of a stabilizing 30
agent;

an amount ofan acid suificient to achieve a pH of 3.5-5.5;
and

an amount of water sufficient to achieve a line] volume of
about 100 pL. 35

In some embodiments,
the isotonicity agent is NaCI;
the compound which is a preservative, cationic surfactant,

andfor permeation enhtuicer is henzulkonium chloride;
the stabilizing agent is disodium edetate; and so
the acid is hydrochloric acid.
In some embodiments, said pharmaceutical composition

comprises:
about 0.?4 mg NaCl;
about 0.01 mg benzalkonium chloride; 45
about 0.2 mg disodium edetate:
an amount ofhydrochloric acid sufficient to achieve a pll

of 3.5-5.5; and
an amount of water suflicient to achieve a final volume of

about 100 pL. so
In some embodiments. said device is filled with said

pharmaceutical composition using sterile filling.
In some embodiments. said pharmaceutical composition

is storage-stable for about twelve months at about 25° C. and
about 60% relative humidity. 55

In some embodiments, said device is a single—dose device,
wherein said pharmaceutical composition is present in one
reservoir, and wherein said therapeutically effective amount
of said opioid antagonist is delivered essentially by one
actuation of said deVice into one nostril of said patient. so

In some embodiments, about 100 pL of said pharmaceu—
tical composition is delivered by said actuation.

In some embodiments, said device is actuatable with one
hand.

In some embodiments, the delivery time is less than about 55
25 seconds. In some embodiments, the delivery time is loss
lhan about 20 seconds.

It]

I77 32

20
In some embodiments, the 90% confidence interval for

dose delivered per actuation is :about 2%. In some embodi—
ments, the 95% confidence interval for dose delivered per
actuation is :about 2.5%.

In some embodiments. upon nasal delivery of said phar-
maceutical composition to said patient, leSs than about 20%
of said pharmaceutical composition leaves the nasal cavity
via drainage into the nasopharynx or externally. In some
embodiments, upon nasal delivery of said pharmaceutical
composition to said patient= less limo about 10% of said
pharmaceutical composition leaves the nasal cavity via
drainage into the nasopharynx or externally. In some
embodiments, upon nasal delivery of said pharmaceutical
composition to said patient, less than about 5% of said
pharmaceutical composition leaves the nasal cavity via
drainage into the nasopharyux or externally.

In some embodiments, the plasma concentration versus
time curve of said opioid antagonist in said patient has a tmx
of less than 30 minutes. In some embodiments, the plasma
concentration versus time curve of said opioid antagonist in
said patient has a 1min of less than 25 minutes. In some
embodiments, the plasma concentration versus time curve of
the opioid antagonist in the patient has a t,,,,,_, of less than 20
minutes. In some embodiments, the plasma concentration
versus time curve of said opioid antagonist in said patient
has a 1,,” of about 20 minutes. In some embodiments, the
plasma concentration versus time curve of the opioid
antagonist in the patient has a t“, of Iess than 19 minutes.
In some embodiments, the plasma concentration versus time
curve of the opioid antagonist in the patient has a t of
about 18.5 minutes.

In some embodiments, delivery of said therapeutically
efl'ective amount to said patient, provides oceupancy at 1,,“
of said opioid antagonist al the opioid receptors in the
respiratory control center of said patient of greater than
about 90%. In some embodiments. delivery of said thera-
peutically reflective amount to said patient, provides occu-
pancy at 1,,” of said opioid antagonist at the opioid receptors
in the respiratory control center of said patient of greater
than about 95%. In some embodiments, delivery of said
therapeutically eiTective amount to said patienc provides
occupancy at tm, of said opioid antagonist at the opioid
receptors in the respiratory control center of said patient of
greater than about 99%.

In some embodiments, said patient is free from rcspira~
tory depression for at least about I hour following treatment
comprising delivery of said therapeutically reflective amount
ofsaid opioid antagonist. In some embodiments, said patient
is free from respiratory depression for at least about 2 hours
following treatment comprising delivery of said therapeuti—
cally cfi'eclive amount of said opioid antagonist. In some
embodiments. said patient is free from respiratory depres-
sion for at least about 4 houiu following treatment compris~
ing delivery of said therapeutically effective amount of said
opioid antagonist. In some embodiments, said patient is free
from respiratory depression for at least about 6 hours
following treatment comprising delivery of said therapeuti—
cally efl'ective amount of said opioid antagonist.

In some embodiments, said device is a iii-dose device,
wherein a first volume of said phannaoeutical composition
is present in a first reservoir and a second Volume of said
pharmaceutical composition is present in a second reservoir,
and wherein said therapeutically efl'octive amount is deliv-
ered essentially by a first actuation of said device into a first
nostril of said patient and a second actuation of said device
into a second nostril of said patient.

max
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In some embodiments, said first volume and said second
volume combined is equal to not more than about 380 uL.

In some embodiments, about 100 pl. of said first volume
ot'said pharmaceutical composition is delivered by said first
actuation.

In some embodiments. about 100 uL of said second
volume of said pharmaceutical composition is delivered by
said second actuation.

In some embodiments, said device is actuatablc with one
hand.

In some embodiments, the delivery time is less than about
25 seconds. In some embodiments. the delivery time is less
than about 20 seconds.

In some embodiments, the 90% confidence interval for
dose delivered per actuation is :about 2%. In some embodi—
ments, the 95% confidence interval for dose delivered per
actuation is :about 2.5%.

In some embodiments, upon nasal delivery of said phar-
maceutical composition to said patient, less than about 20%
of said pharmaceutical composition leaves the nasal cavity
via drainage into the nasopharynx or externally. In some
embodiments, upon nasal delivery of said pharmaceutical
composition to said patient. less than about 10%) of said
pharmaceutical composition leaves the nasal cavity via
drainage into the nasopharynx or externally. In some
embodiments, upon nasal delivery of said pharmaceutical
composition to said patient, less than about 5% of said
pharmaceutical composition leaves the nasal cavity via
drainage into the nasopharynx or externally.

In some embodiments. the plasma concentration versus
time curve of said opioid antagonist in said patient has a tm,
of less than 30 minutes. In some embodiments, the plasma
concentration versus time curve of said opioid antagonist in
said patient has a tn,“ of less than 25 minutcs. In some
embodiments, the plasma concentration versus time curve of
said opioid antagonist in said patient has a l...” of about 20
minutes. In some embodiments, the plasma concentration
versus time curve of the opioid antagonist in the patient has
a [max of less than 19 minutes. In some embodiments. the
plasma concentration versus time curve of the opioid
antagonist in the patient has a I”, of about 18.5 minutes.

In some embodiments, delivery of said therapeutically
efl'ective amount to said patient, provides occupancy at 1,,m
of said opioid antagonist at the opioid receptors in the
respiratory control center of said patient of greater than
about 90%. In some embodiments, delivery of said thera-
peutically efl'ective amount to said patient, provides occu-
pancy at I...“ ol‘said opioid antagonist at the opioid receptors
in the respiratory control center of said patient of greater
than about 95%. In some embodiments, delivery of said
therapeutically effective amount to said patient, provides
occupancy at tm, of said opioid antagonist at the opioid
receptors in the respiratory control center of said patient of
greater than about 99%.

In some embodiments, said patient is free from respira-
tory depression for at least about 1 hour following treatment
comprising delivery of said therapeutically effective amount
of said opioid antagonist. In some embodiments, said patient
is free from respiratory depression for at least about 2 hours
following treatment comprising delivery of said therapeuti-
cally eflective amount of said opioid antagonist. In some
embodiments, said patient is free from respiratory depres-
sion for at least about 41 hours following treatment compris—
ing delivery of said therapeutically effective amount of said
opioid antagonist. In some embodiments, said patient is free
from respiratory depression for at least about 6 hours
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following treatment comprising delivery of said therapeuti-
cally eflectivc amount of said opioid antagonist.

Also provided herein is a single—use, pre-primed device
adapted for nasal delivery of a pharmaceutical composition
to a patient by one actuatitm of said device into one nostril
of said patient, having a single reservoir comprising about
10'.) uL of a pharmaceutical composition which is an aque-
ous solution comprising:

about 2 mg or about 4 mg ualoxonc hydrochloride or a
hydrate thereof,

between about 0.2 mg and about 1.2 mg of an isotonicity
agent;

between about 0.005 mg and about 0.015 mg of a cotn~
pound which is a preservative, cationic surfactant1
andfor permeation enhancer;

between about 0.1 mg and about 0.5 mg of a stabilizing
agent; and

an amount of acid sutticient to achieve a pit of 3.5-5.5.
In some embodiments. the device comprises about 4 mg

naloxone hydrochloride or a hydrate thereof. In some
embodiments, the device comprises about 2 mg naloxone
hydrochloride or a hydrate thereof. In some embodiments,
the device comprises about 4.4 mg naloxone hydrochloride
dihydrate. In some embodiments, the device comprises
about 2.2 mg naloxone hydrochloride dihydrate.

In some embodiments,
the isotonicity agent is NaCl;
the compound which is a preservative cationic surfactant

andr'or permeation enhancer is benzalltonium chloride;
the stabiliring agent is disodium edetate: and
the acid is hydrochloric acid.
In some embodiments, the device comprises:
about 2.2 mg or about 4.4 mg naloxone hydrochloride

dihydratc;
about 0.24 mg NaCl;
about 0.01 mg benmlkonium chloride;
about 0.2 mg disodium edetate; and
an amount ofhydrochloric acid suflicient to achieve a pH

of 3.5—5.5.
In some embodiments, the device comprises about 4.4 mg

naloxouc hydrochloride dihydrate. In some embodiments,
the device comprises about 2.2 mg naluxonc hydrochloride
dihydratc.

In some embodiments, upon nasal delivery of said phar-
maceutical composition to said patient, less than about 10%
of said pharmaceutical composition leaves the nasal cavity
via drainage into the nasopharynx or extcmally.

In some embolimcnts, the plasma concentration versus
time cone of said naloxonehydmchloride in said patient has
a 1mm of between about 20 and about 30 minutes.

In some embodiments, said device is actuatahle with one
hand.

In some embodiments. the delivery time is less than about
25 seconds. In some embodiments, the delivery time is less
than about 20 seconds.

In some embodiments, the 90% confidence interval for
dose delivered per actuation is :aboul 2%. In some embodi-
ments, the 95% confidence interval for dose delivered per
actuation is tabout 2.5%.

In some embodiments. upon nasal delivery of said phar-
maceutical composition to said patient, lens than about 20%
ofsaid pharmaceutical composition leaves the nasal cavity
via drainage into the nasopltat‘ymt or externally. In some
embodiments, upon nasal delivery of said phannaceutical
composition to said patient, less than about 10% of said
pharmaceutical composition leaves the nasal cavity via
drainage into the nasopharynx or externally. In some
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embodiments, upon nasal delivery of said pharmaceutical
composition to said patient. less than about 5% of said
pharmaceutical composition leaves the nasal cavity via
drainage into the nasopharyntt or externally.

In some embodiments, the plasma concentration versus
time curve of said opioid antagonist in said patient has a rm,
of less than 30 minutes. In some embodiments, the plasma
concentration versus time curve of said opioid antagonist in
said patient has a tmfl of less than 25 minutes. In some
embodiments, The plasma concentration versus time curve of
said opioid antagonist in said patient has a 1m, of about 20
minutes. In some embodiments, the plasma concentration
versus time curve of the opioid antagonist in the patient has
a tm, of less than 19 minutes. In some embodiments, the
plasma concentration versus time curve of the opioid
antagonist in the patient has a it...“ of about 18.5 minutes.

In some embodiments, delivery of said therapeutically
effective amount to said patient. provides occupancy at tmm
of said opioid antagonist at the opioid receptors in the
respiratory control center of said patient of greater than
about 90%. In some embodiments, delivery of said thera-
peutically elIective amount to said patient. provides occu-
pancy at I”, of said opioid antagonist at the opioid receptors
in the respiratory control center of said patient of geater
than about 95%. In some embodiments, delivery of said
therapeutically efiective amount to said patient, provides
occupancy at t...“ of said opioid antagonist at the opioid
receptors in the respiratory control center of said patient of
greater than about 99%.

In some embodiments, said patient is free from respira—
tory depression for at least about 1 hour following neannent
comprising delivery of said therapeutically cll‘ective amount
of said opioid antagonist. In some embodiments, said patient
is free from respiratory depression for at least about 2 hours
following treaunent comprising delivery of said therapeuti-
cally efi'ective amount of said opioid antagonist. In some
embodiments, said patient is free from respiratory depres—
sion for at least about 4 hours following treatment compris-
ing delivery of said therapeutically efl'ective amount of said
opioid antagonist. In some mnbodinrents, said patient is free
from respiratory depression for at least about 6 hours
following treatment comprising delivery of said therapeuti-
cally efl‘ective amount of said opioid antagonist.

In some embodiments, said device is filled with said
pharmaceutical composition using sterile filling.

In some embodiments, said pharmaceutical composition
is storage—stable for about twelve, about fifiocn, or even
about eighteen months at about 25° C. and about 60%
relative humidity.

In some embodiments, said opioid antagonist is the only
pharmaceutically active compound in said pharmaceutical
composition.

Also provided are devices as recited in any of the pre-
ceding embodiments for use in the treatment of an opioid
overdose symptom selected than): respiratory depression,
postoperative opioid respiratory depression, altered level
consciousness. miotic pupils. cardiovascular depression,
hypoxemia. acute lung injury, aspiration pneumonia, seda—
tion, and hypotension.

Also provided are devices as recited in any of the pre—
ceding embodiments for use in the reversal of reSpir-atory
depression induced by opioids.

In some embodiments. said respiratory depression is
caused by the illicit use ofopioids or by an accidental misuse
of opioids during medical opioid therapy.

Also provided are devices as recited in any of the prE~
ceding embodiments for use in the complete or partial
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reversal ofnarcotic depression, including respiratory depres-
sion, induced by opioids selected from: natural and synthetic
narcotics, prop-oxyphene. methadone, nalbuphinc, pentazo-
cine and butorphanol.

In some embodiments, said patient is an opioid overdose
patient or a suspected opioid overdose patient.

In some emlmd'u'nents. said patient is in a lying. supine, or
recovery position. In some embodiments, said patient is in a
lying position. In some embodiments, said patient is in a
supine position. In some embodiments. said patient is in a
recovery position.

In some embodiments, said therapeutically efi‘ective
amount of an opioid antagonist is delivered by an untrained
individual.

Also provided are kits comprising a device described
herein and written instructions for using the device. Also
provided are kits comprising a device described herein and
an opioid agonist. In some embodiments the kit further
comprises written instructions. In some embodiments. the
opioid agonist is selected from codeine, morphine, metha-
done, fentanyl, oxyoodone [IE], hydrocodone bitartmte.
hydromorphone, oxymorphone, meperidine, propoxypbene.
opium, heroin, and certain narcotic-antagonist analgesics,
such as, nalbuphine, pentazocine and butorphanol. in some
embodiments, the opioid agonist is selected from tapentadoland tramadol.

Also provided are embodiments wherein any embodiment
above may be combined with any one or more of these
embodiments, provided the combination is not mutually
exclusive.

Tamper-proof and tamper-resistant formulating technolo-
gies have been developed for safer delivery of opioid
antagonists, but such formulations are still abused resulting
in opioid overdose. One such technology (Abuse Deterrent
Prolonged Release Erosion Matrix (ADPREM); Egalet)
utilizes a water-degradable polymer matrix technology that
erodes from the surface at a constant rate. The matrix
consists of one or more plasticizing polymers that cannot be
cmshed or melted. Another such technology (Abuse Resis-
tant Technology (ART); Elite Laboratories) utilizes a pro-
prietary coating technology consisting of various polymers
that can sequester an opioid antagonist (naltrexone) in
li-agiIe micropellets that are indistinguishable from the pel-
lets containing the opioid. The formulation is designed to
release sequestered antagonist only if the thisagc is crushed
or otherwise damaged for extraction. Oral dosage forms are
pnepared by coating powders. crystals, granules. or pellets
with various polymers to impart difi‘erent characteristics.
The formulations can release the active drug in both imme-
diate and sustained release form. Chronodclivcry formula-
tions using this technology can effectively delay drug
absorption for up to five hours. Aversion (Acorn Pharma-
ceuticals) utilizes certain proprietary combinations of func—
tional excipients (e.g., gelling agents) and active ingredients
intended to discourage the most common methods of pre-
scription drug misuse and abuse. Ingredients may include
nasal irritants (e.g., capsaicin) and aversive agents (eg,
niacin). In some embodiments. the opioid agorrist is in a
tamper-proof fonnulation. In some embodiments, the opioid
ugonist is in a tamper—resistant formulation. In some
embodiments, the opioid agonist is selected from Acumxl’k;
Oxycodonc DETERJLE, Oxycontin®_. Bgalet hydrocc-done,
Egalet morphine, Egalet oxycodone, Exalgo®_. Opana®_.
Opana® ER, Vicodin®, Percocetifi! and RemoxytE‘J.
Pharmaceutical Compositions

Also provided are phamtaceulical compositions compris-
ing one or more opioid antagonist. In some embodiments the
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pharmaceutical compositions comprise an opioid antagonist
and a pharmaceutically acceptable can‘ier. The carrier“)
must be “acceptable" in the sense of being compatible with
the other ingredients of the formulation and not overly
deleterious to the recipient thereof. Some embodiments of
the present invention include a method of producing a
pharmaceutical composition comprising admixing at least
one opioid antagonist and a pharmaceutically acceptable
carrier. Pharmaceutical compositions are applied directly to
the nasal cavity using the devices described herein. In the
case of a spray, this may be achieved for example by means
of a metering atomizing spray pump.

Liquid preparations include solutions, suspensions and
emulsions. for example. water or water-propylene glycol
solutions. Additional ingredients in liquid preparations may
include: antimicrobial preservatives, such as benzalkonium
chloride (which may also act as a cationic surfactant and-'or
a permeation enhancer), methylparaben, sodium henzoate1
beuzoic acid. phenyl ethyl aICohol, and the like, and mix—
tures thereof; surfactants such as Polysorbate m NF, poly-
oxyethylene 20 sorbitan monolaurate, polyoxyethylene (4)
sorbitan monolaurate. polyoxycthylenc 2t) sorbitan mono-
palmitate. polyoxyethyleru: 20 sorbitan monostearate, poly-
oxycthylene [4) sorbitan monostearatc, polyoxyethylene 20
sorbitan tt‘istearate, polyoxycthylerte (5) sorbitan
monooleate. polyoxycthylenc 20 sorbitan trioleate. polyoxy-
ethylene 20 sorbitan monoisosteamte. sorbitan monooleate,
scrbitan monolaurate, sorbitan monopalmjtate, sorbitan
monostearate, sorbitan trilaurate, sorbitan tr-ioleate, sorbitan
tristearate, polyethylene glycol (15)-hydroxystearatc (Solu-
tol® HS 15) and the like. and mixtures thereof; a tonicity
agent such as: dextrose lactose, sodium chloride, calcium
chloride. magnesium chloride. sorbitol, sucrose, mannitol,
trehalose, raflinose, polyethylene glycol, hydroxyethyl
starch, glycine. and the like. and mixtures thereof; and a
suspending agent such as microcryslalline cellulose, car-
boxymethylcellulose sodium NF, polyacrylic acid, magne-
sium aluminum silicate, xanthan gum. and the like, and
mixtures thereof.

The opioid antagonists described herein can be ferrou—
lated into pharmaceutical compositions using techniques
well known to those in the art. Suitable phanrtamutically
acceptable carriers, outside those mentioned herein, are
known in the art; for example. see Remington: The Science
and Practice of Pharmacy, 2lst ed, Lippincott Williams &
Wilkins. Philadelphia, Pa. (2005).

The opioid antagonists described herein may optionally
exist as pharmaceutically acceptable salts including phar-
maceutically acceptable acid addition salts prepared from
phannacouticaily acceptable non-toxic acids including inor—
ganic and organic acids. Representative acids include, but
are not limited to. acetic. benzenesulfonic, benzcic, cam—
phcrsullonic, citric, etltenesulfonic, dichloroacetic, formic.
fumaric, gluconic, glutamic. hippuric, hydrobromic, hydro—
chloric, isclhionic, lactic, maleic. malic, mandelic, methane-
sulfonic, mucic, nitric, oxalic, pamoic. pantothenic. phos—
phoric, succinic, sulfuric, tartaric. oxalic, p—toluencsulfonic
and the like, such as those pharmaceutically acceptable salts
listed by Ilerge et al., Journal of Pharmaceutical Sciences,
66:1-19 (19W). The acid addition salts may be obtained as
the direct products of compound synthesis. In the alterna—
tive, the free base may be dissolved in a suitable solvent
containing the appropriate acid and the salt isolated by
evaporating the solvent or otherwise separating the salt and
solvent. The opioid antagonists described herein may form
solvatcs with standard low molecular weight solvents using
methods known to the skilled artisan.
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Accordingly, provided herein are pharmaceutical formu-
lations for intranasal administration comprising, in an aque-
ous solution of not more than about 140 pL'.

between about 2 mg and about 12 mg of an opioid
antagonist;

between about 0.2 mg and about 1.2 mg ol'an isotorticity
agent;

between about 0.005 mg and about 0.015 mg of a com—
pound which is a preservative, cationic surfactant,
andfor permeation enhancer;

between about 0.1 mg and about 0.5 mg of a stabilizing
agent:

an amount of an acid sufficient to achieve a pH of 3.5 -5 .5.
ln some embodiments, said opioid antagonist is the only

phannaceutieally active compound in said pharmaceutical
composition.

in some embodiments, said opioid antagonist is naloxone
hydrochloride. or a hydrate thereof.

in some embodiments. said opioid antagonist is naloxone
hydrochloride dihydrate.

in some embodiments. the pharmaceutical formulation
comprises an amount equivalent to about 4 mg to about 10
mg of naloxone hydrochloride. In some embodiments, the
pharmaceutical formulation comprises an amount equivalent
to an amount chosen from about 2 mg naloxone hydrochlo-
ride. about 4 mg ofnaloxone hydrochloride, and about 8 mg
naloxone hydrochloride. In some embodiments, the phar—
maceutical finrmulation comprises an amount equivalent to
about 2 mg of naloxone hydrochloride. In some embodi-
ments, the pharmaceutical formulation comprises an amount
equivalent to about 4 mg of naloxone hydrochloride. in
some embodiments, the pharmaceutical formulation com-
prises an amount equivalent to about 8 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
elfective amount is equivalent to about 3.4 mg of naloxone
hydrochloride.

In some embodiments, the pharmaceutical lonnulation
comprises about 2.2 mg to about 13.2 mg of naloxone
hydrochloride dihydrate. In some embodiments. the phar-
maceutical formulation comprises about 4.4 mg to about 11
mg of naioxone hymochmloride dihydratc. In some emborfi-
merits, the pharmaceutical formulation comprises an amount
chosen from about 2.2 mg naloxone hydrochloride dihy—
drate. about 4.4 mg of naloxone hydrochloride dihydrale,
and about 3.8 mg naloxone hydrochloride dihydrate. in
some embodiments, the pharmaceutical formulation com-
prises about 22 mg of ualoxone hydrochloride dihydrale. In
some embodiments, the pharmaceutical formulation com-
prises about 4.4 mg ofnaloxonc hydrochloride dihydralc. In
some embodiments, the pharmaceutical formulation com-
prises about 8.8 mg of naloxone hydrochloride dihydratc.

In some embodiments, the device comprises about 4.4 mg
naloxone hydrochloride dihydrate. in some embodiments,
the device comprises about 2.2 mg naloxone hydrochloride
dihydrate.

In some embodiments. the pharmaceutical composition is
in an aqueous solution of about 100 pl.

In some embodiments. upon nasal delivery of said phar—
maceutical composition to said patient, less than about 10%
of said phamiaceutical composition leaves the nasal cavity
via drainage into the nasopharynx or externally.

in some embodiments, the plasma concentration versus
time curve ofsaid naloxone hydrochloride in said patient has
a 1mm of between about 20 and about 30 minutes.

In some embodiments, said device is actuatable with one
hand.
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In some embodiments, the delivery time is less tbatt about
25 seconds. In some embodiments. the delivery time is less
than about 20 seconds.

In some embodiments, the 90% confidence interval for
dose delivered per actuation is zabout 2%. In some embodi-
ments, die 95% confidence interval for dose delivered per
actuation is :about 2.5%.

In some embodiments. upon nasal delivery of said phar—
maceutical composition to said patient, less than about 20%
of said pharmaceutical composition leaves the nasal cavity
via drainage into the nasopharynx or externally. In some
embodiments, upon nasal delivery of said pharmaceutical
composition to said patient, less than about 10% of said
pharmaceutical composition leaves the nasal cavity via
drainage into the nasopharynx or externally. In some
embodiments. upon nasal delivery of said pharmaceutical
composition to said patient, less than about 5% of said
pharmaceutical composition leaves the nasal cavity via
drainage into the nasopharynx or externally.

In some embodiments, the plasma concentration vorsus
time curve of said opioid antagonist in a patient has a in.“
of less than 30 minutes. In some embodiments, the plasma
concentration versus time curve of said opioid antagonist in
said patient has a rm, of less than 25 minutes. In some
embodiments, the plasma concentration versus time curve of
said opioid antagonist in said patient has a tn,“ of about 20
minutes. In some embodiments. the plasma concentration
versus time curve of the opioid antagonist in the patient has
a rm,r of less than 19 minute; In some embodiments, the
plasma concentration versus time curve of the opioid
antagonist in the patient has a t,,,,,,. of about 18.5 mintrtes.

in some embodiments, delivery of said pharmaceutical
formulation to a patient, provides occupancy at L...“ of said
opioid antagonist at the opioid receptors in the respiratory
control center of said patient of greater than about 90%. lo
some embodiments, delivery of said pharmaceutical formu—
lation to said patient, provides occupancy at [Mt of said
opioid antagonist at the opioid receptors in the respiratory
control center of said patient of greater than abottt 95%. In
some embodiments, delivery of said pharmaceutical formu-
lation to said patient, provides occupancy at t,,_,,, of said
opioid antagonist at the opioid receptors in the respiratory
control center of said patient of greater than about 99%.

lo some embodiments, said patient is free from respira-
tory depression for at least about I hour following treatment
comprising delivery of said therapeutically effective amount
of said opioid antagonist. In some embodiments, said patient
is free from respiratory depression for at least about 2 hours
following treatment comprising delivery of said therapeuti-
cally effective amount of said opioid antagonist. In some
embodiments, said patient is free from respiratory depres-
sion for at least about 4 hours following treatment compris—
ing delivery of said therapeutically effective amount of said
opioid antagonist. In some embodiments, said patient is free
from respiratory depression for at least about 6 hours
following treatment comprising delivery of said therapeuti—
cally efl'oct‘rve amount of said opioid antagonist.

Also provided herein are pharmaceutical formulations for
intranasal administration comprising, in an aqueous solution
of not more than about 140 uL.‘

about 2 mg or about 4 mg naloxone hydrochloride or a
hydrate thereof;

betwe- about 0.2 mg and about 1.2 mg ofan isotonicity
agent;

between about 0.005 mg and about 0.015 mg of a com-
pound which is a preservative, cationic surfactant,
andr‘or permeation enhancer;
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between about 0.] mg and about 0.5 mg of a stabilizing

agent;
an amount of acid sufficient to achieve a pH of 3.5-5.5.
In some embodiments,
the isotonicity agent is NaCl;
the compound which is a preservative. cationic surfactant.

andfor permeation enhancer is benzalkonium chloride;
the stabilizing agent is disodiurn edetate: and
the acid is hydrochloric acid.
In some embodiments. the pharmaceutical formulation

comprises:
about 2.2 mg or about 4.4 mg naloxonc hydrochloride

dihydrate;
about 0.14 mg NaCl;
about 0.01 mg benzalkonium chloride;
about 0.2 mg disodium edetate; and
an amount ofhydrochloric acid suficient to achieve a pH

of 3.5-5.5.
In some embodiments. the pharmaceutical formulation

comprises about 4 mg nalottone hydrochloride or a hydrate
thereof. In some embodiments, the pharmaceutical formu-
lation comprises about 2 mg naloxone hydrochloride or a
hydrate thereof. In some embodiments, the pharmaceutical
formulation comprises about 4.4 mg nalottone hydrochloride
dihydrate. In some embodiments, the pharmaceutical for-
mulation comprises about 2.2 mg naloxone hydrochloride
dihydrate.

Also provided herein are pharmaceutical formulations for
intranasal administration comprising, in an aqueous solution
of about 100 JJL:

about 4 mg naloxone hydrochloride or a hydrate thereof;
between about 0.2 mg and about l.2 mg ot'an isotonicity

agent;
between about 0.005 mg and about 0.015 mg of a com-

pound which is a preservative cationic surfactant, and:II
or permeation enhancer:

between about 0.1 mg and about 0.5 mg ofa stabilizing
agent; and

an amount of acid sufficient to achieve a pll of 3.5—5.5.
In some embodiments, the pharmaceutical formulation

comprises:
about 4.4 mg naloxone hydrochloride dihydrate'.
about 0.?4 mg NaC1;
about 0.01 mg benzalkonium chloride;
about 0.2 mg disodium edetate', and
an amount ofhydrochloric acid sufficient to achieve a pH

of 3.5—5.5.
Also provided herein are pharmaceutical formulations for

inti'anasal administration comprising, in an aqueous solution
ofahout [00 1.1L:

about 2 mg naloxone hydrochloride or a hydrate thereof;
between about 0.2 mg and about 1.2 mg ofan isotonicity

agent;
betwuen about 0.005 mg and about 0.015 mg ofa com-

pound which is a preservative, cationic surfactant,
andr’or permeation enhancer;

between about 0.1 mg and about 0.5 mg of a stabilizing
agent; and

an amount of an acid sufficient to achieve a pH of 3.5—5.5.
In some embodiments, the pharmaceutical formulation

comprises:
about 2.2 mg naloxone hydrochloride dihydrate;
about 0.?4 mg NaCl;
about 0.2 mg disodium edetate; and
an amount of hydrochloric acid sufiicient to achieve a pH

of 3.5-5.5.
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In some embodiments. the pharmaceutical formulation
comprises about 4.4 mg naloxone hydrochloride dihydrate.
In some embodiments, the phannaceuti cal formulation corn-
prises about 2.2 mg naloxone hydrochloride dihydt‘ate.

Provided are devices adapted for nasal delivery of a
pharmaceutical composition to a patient, comprising a thera—
peutically effective amount of an opioid antagonist selected
from naloxone and phaooaceutically acceptable salts
thereof, wherein the device is pro-primed, and wherein the
therapeutically effective amount, is equivalent to about 2 mg
to about 12 mg ofnaloxonc hydrochloride. In some embodi—
ments, the therapeutically efl'ective amount is equivalent to
about 4.4 mg of naloxonc hydrochloride. In some embodi-
ments, the pharmaceutical composition comprises a solution
ofnaloxone hydrochloride dihydrate. In some embodiments,
the pharmaceutical composition fimher comprises one or
more excipients selected from water and NaCl. In some
embodiments, the pharmaceutical composition is substan-
tially free of antimicrobial preservatives. In some embodi-
ments, the device is substantially free of henzalkonium
chloride: medtylparabeu, sodium bertzoate, hcnzoic aCid,
phenyl ethyl alcohol. In some embodiments, the device is
filled with the pharmaceutical composition in a Sterile envi-
ronment. In some embodiments, the pharmaceutical com—
position is storage—stable her about twelve ntontlts at about
25° C. In some embodiments, the pharmaceutical composi-
tion comprises less than 0.1% wr'w antimicrobial preserva—
tives. In some embodiments, the pharmaceutical composi-
tion comprises 0.01% wr'w or less antimicrobial
preservatives. In some embodiments, the pharmaceutical
composition comprises 0.01% wr'w—OflOP/o wfw antimicro-
bial preservatives. In some embodiments, the pharmaceuti—
cal composition comprises less than 0.001% wfw antimi-
crobial preservatives.

Also provided are devices for “combination-therapy"
comprising pharmaceutical compositions comprising at least
one opioid antagonist described herein, together with at least
one known pharmaceutical agent and a phannaceutically
acceptable can-ier. In some embodiments, the pharmaceuti—
cal composition comprises a short-acting opioid antagonist
and a long-acting opioid antagonist. In some embodiments.
the pharmaceutical composition comprises naloxone and
naltrexone. In some embodiments, the pharmaceutical com-
position oomprises naloxoue and methylnalu'exone. in some
embodiments, the pharmaceutical composition comprises
nalottone and nalmel‘ene.

Also provided are embodiments wherein any embodiment
above may be combined with any one or more of these
embodiments, provided the combination is not mutually
exclusive.
Indications

Also provided are devices for use in treating opioid
overdose and symptoms thereof and methods of using the
devices. Naloxone prevents or reverses the effects ofopioids
including respiratory depression, sedation and hypotension.
Also, it can reverse the psychotomimetic and dysphoric
effects of agonist—antagonists such as pentamine. Naloxone
causes abrupt reversal of narcotic depression which may
result in nausea, vomiting, sweating, tachycardia, increased
blood pressure, tremulousness, seinues and cardiac arrest,
however, there is no clinical experience with nalortone
hydrochloride overdosagc in humans. For this reason, also
described herein is a method of preventing complications
from severe opioid withdrawal, the method comprising
administering a dose of rtalorrone according to the devices
andfor formulations disclosed herein, and then monitoring
the patient for a symptom selected from the group consisting
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of vomiting, sweating, tachycardia, increased blood pres-
sure, tremulousness, seizures and cardiac arrest. In tlte
mouse and rat the intravenous LDSU is 150:5 mgr’kg and
10924 trig/kg respectively. in acute subcutaneous toxicity
studies in newborn rats the |.I)5[J (95% CL) is 260 (223-296)
mgfkg. Subcutaneous injection of 100 mgfltgfday in rats for
3 weeks produced only transient salivation and partial ptosis
following injection: no toxic efl‘ects were seen at 10 mglkgz‘
day for 3 weeks.

Naloxone hydrochloride injection is indicated for the
complete or partial reversal ofnarcotic depression, including
respiratory depression, induced by opioids selected from:
natural and synthetic narcotics, propoxyphene, methadone,
and certain narcotic-antagonist analgesics: nalbuphtne. pen-
tazocine and butorphanol. Nalortone hydrochloride is also
indicated for the diagnosis of suspected acute opioid over—
dosage. For the treatment of known or suspected narcotic
overdose in adults an initial dose of 0.4 mg to 2 mg of
naloxone hydrochloride intravenously is indicated. 11' the
desired degree of counteraction and improvement in respi—
ratory firnctions is not obtained, administration may be
repeated at 2 to 3 minute intervals. It'no response is observed
after 10 mg of naloxonc hydrochloride have been adminis-
tered. the diagnosis of narcotic-induced or partial narcotic—
indtlced toxicity should be questioned. The usual initial dose
in children is 0.0] mgfkg body weight given IV. If this dose
does not result in the desired degree of clinical improve—
ment, a subsequent dose 01TH mgfkg body weight may be
administered. When using naloxone hydrochloride injection
in neonates a product containing 0.02 mgt'ml. (i.c., 0.002%
wtv) should be used.

It has also been reported that naloxone hydrochloride is an
effective agent for the reversal of the cardiovascular and
respiratory depression associated with narcotic and possibly
some non—narcotic overdoses. The authors stated that due to

naloxone‘s pharmacokinetic profile, a continuous infusion
protocol is recommended when prolonged narcotic antago—
nist efiects are required. (Handel et al., Ann Emerg Med.
1933 July; 12(7l:433-45).

Accordingly, also provided herein are methods of treating
opioid overdose or a symptom thereof, comprising nasally
administering to a patient in need thereof a therapeutically
effective amount of an opioid antagonist selected from
naloxone and pharmaceutically acceptable salts thereof.
wherein said therapeutically efl'ective amount is equivalent
to about 2 mg to about |2 mg of naloxone hydrochloride or
a hydrate thereof. In some embodiments. the therapeutically
efi‘ective amount of an opioid antagonist selected from
naloxone and pharmaceutically acceptable salts thereof is
delivered in not more than about 140 pl. of an aqueous
carrier solution.

In certain embodiments, also provided herein are methods
of treating opioid overdose or a symptom thereof, compris—
ing nasally administering to a patient in need thereof a
therapeutically effective amount of an opioid antagonist
selected from naloxone and pharmaceutically acceptable
salts thereof. wherein said therapeutically effective amount
is equivalent to about 2 mg to about l2 mg of naloxone
hydrochloride or a hydrate thereof in not more than about
140 pL of an aqueous carrier solution.

In certain embodiments are provided methods of treating
opioid overdose, or a symptom thereof, comprising nasally
administering with a spray device to a patient in need thereof
a therapeutically effective amount of on opioid antagonist
selected from naloxone and phamtaceutically acceptable
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salts thereof, wherein the spray device is capable ofspraying
droplets having a median droplet size between about 30 and
about 100 pm.

In some embodiments. the spray device is capable of
spraying a formulation having a median distribution volume
(Dv(50]) Dv(50) of 30-20 pm and a Dv(90)<100 pm.

In certain embodiments, the spray device is capable of
spraying ina manner that the percent ofdroplets less than 10
pm is less than 10%. In certain embodiments, the percenth
droplets legs than 10 pm is less titan 5%. In certain embodi-
ments, the percent of droplets less than 10 pm is less than
2%. In certain embodiments, the percent of droplets less
than 10 pm is less titan 1%.

In certain embodiments, the spray device is capable of
spraying a uniform circular plume spray pattern with an
ovality ratio close to I. Ovality ratio is calculated as the
quotient of the maximum diameter (Dmax) and the mini-
mum diameter (Drnin) ofa spray pattern taken orthogonal to
the direction of spray flow (e.g., from the “top“J. In certain
embodiments, the ovality ratio is less than 2.0. In certain
embodiments. the ovality ratio is less than 1.5. In certain
embodiments, the ovality ratio is less than 1.3. In certain
embodiments= the ovnlity ratio is less than 1.2. In certain
embodiments, the ovality ratio is less than 1.1. In certain
embodiments, the ovality ratio is about 1.0.

In certain embodiments, also provided herein are methods
of treating opioid overdose or a symptom thereof, compris-
ing nasally administering to a patient in need thereofa single
dose of a therapeutically efl'ective amount of an opioid
antagonist selected from naloitone and pharmaceutically
acceptable salts thereof. wherein said therapeutically efiec-
tive amount is equivalent to about 2 mg to about 12 mg of
naloxonc hydrochloride or a hydrate thereof in not more
than about 140 pl. of an aqueous carrier solution.

In some embodiments, said opioid antagonist is the only
pharntaceutically active compomid in said phannaccutical
composition.

In some embodiments, said opioid antagonist is naloxone
hydrochloride. In some embodiments, said opioid antagonist
is naloxone hydrochloride dihydrate.

In some embodiments, said pharmaceutical composition
comprises a solution ofnaloxonc hydrochloride, or a hydratethereof.

In some embodiments. said patient is an opioid overdose
patient or a suspected opioid overdose patient.

In some embodiments, said patient is in a lying, supine. or
recovery position. In some embodiments, said patient is in a
lying position. In some embodiments, said patient is in a
supine position. In some embodiments. said patient is in a
rt‘cOvcry position.

In some embodiments, said therapeutically effective
amount of an opioid antagonist is delivered by an unuained
individual.

In some embodiments, said therapeutically effective
amount is equivalent to about 4 mg to about 10 mg of
naloxone hydrochloride. In some embodiments. said thera-
peutically effective amount is equivalent to an amount
chosen from about 2 mg nalortone hydrochloride, about 4
mg of naloxone hydrochloride, and about 8 mg naloxone
hydrochloride. In some embodiments, said therapeutically
effective amount is equivalent to about 2 mg of naloxone
hydrochloride. In some embodiments, said therapeutically
eflective amount is equivalent to about 4 mg of naloxone
hydrochloride. In some embodiments, said therapeutically
eli'ective amount is equivalent to about 8 mg of naloxone
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hydrochloride. In some embodiments. the therapeutically
effective amount is equivalent to about 3.4 mg of naloxonc
hydrochloride.

In some embodiments. said therapeutically effective
amount is about 2.2 mg to about 132 mg of naloxone
hydrochloride dihydrate. In some embodiments, said thera-
peutically etfective amount is about 4.4 mg to about 1] mg
ot‘naloxone hydrochloride dihydrate. In some embodiments,
said therapeutically elfective amount is an amount chosen
from about 2.2 mg naloxone hydrochloride dihydrate, about
4.4 mg of naloxone hydrochloride dihydrate, and about 8.8
mg naloxone hydrochloride dibydrate. In some embodi-
ments. said therapeutically effective amount is about 2.2 mg
ofnaloxone hydrochloride dibydrate. In some embodiments,
said therapeutically ellective amount is about 4.4 mg of
naloxone hydrochloride dihydrare. In some embodiments.
said therapeutically efiective amount is about 8.8 mg of
naloxone hydrochloride dihydrnle.

In some embodiments, said symptom is chosen from
respiratory depression and central nervous system depres-sron.

In some embodiments, said patient exhibits any of unre-
sponsiveness lo stimulus, unconsciousness, stopped breath-
ing; erratic or stopped pulse. choking or gurgling sounds,
blue or purple fingernails or lips, slack or limp muscle tone,
contracted pupils, and vomiting.

In some embodiments, said patient is not breathing.
In some embodiments. said patient is in a lying, supine. or

recovery posrtion.
In some embodiments, said patient is in a lying position.
In some embodiments, said patient is in a supine position.
In some embodiments. said patient is a recovery position.
In some embodiments, said therapeutically effective

amount is equivalent to about 2 mg to about 10 mg of
naloxone hydrochloride.

In some embodiments, said therapeutically cliectjve
amount is equivalent to an amount chosen from about 2 mg
naloxone hydrochloride. about 4 mg ofnaloxonc hydrochlo-
ride. and about 8 mg DBIO‘JIDI'IC hydrochloride.

In some embodiments. said therapeutically cfleclive
amount is equivalent to about 2 mg of naloxonc hydrochlo-ride.

In some embodiments, said therapeutically reflective
amount is equivalent to about 4 mg of naloxone hydrochlo-
ride.

In some embodiments, said therapeutically effective
amount is equivalent to about 8 mg of naloxono hydrochlo-ride.

In some embodiments, said opioid antagonist is the only
pharmaceutically active compound in said pharmaceutical
composition.

In some embodiments, said opioid antagonist is naloxone
hydrochloride.

In some embodiments, said basally administering is
accomplished using a pro-printed device adapted for nasal
delivery of a pharmaceutical composition.

In some embodiments. upon nasal delivery of said phar-
maceutical wmposition to said patienl, less than about 20%
of said pharmaceutical composition leaves the nasal cavity
via drainage into the nasopharynx or externally.

In some embodiments, upon nasal delivery of said phar-
maceutical composition to said palienl, less than about 10%
of said pharmaceutical composition leaves the nasal cavity
via drainage into the nasopharynx or externally.

In some embodiments, upon nasal delivery of said phar—
maceutical composition to said patient. less than about 5%
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of said pharmaceutical composition leaves the nasal cavity
via drainage into the nasopharymt or externally.

In some embodiments, the plasma concentration versus
time curve of said opioid antagonist in said patient has a t“,
of less than 30 minutes.

In some embodiments, the plasma concentration versus
time curve of said opioid antagonist in said patient has a tMT
of less than 25 minutes.

In some embodiments, the plasma concentration versus
time curve of said opioid antagonist in said patient has a tm,
of about 20 minutes.

In some embodiments, said opioid overdose symptom is
selected from: respiratory depression, central nervous sys-
tem depression, and cardiovascular depression.

In some embodiments, said opioid overdose symptom is
respiratory depteSsion induced by opioids.

In some embodiments, said respiralory depression is
caused by the illicit use of opioids or by an accidental misuse
of opioids during medical opioid therapy.

In some embodiments, said respiratory depression is
induced by opioids selected from: natural and synthetic
narcotics. propoxypherre, methadone, nalbuphine, pentazro-
cine and butorphanol.

In some embodiments. said respiratory depression is
induced by an opioid selected from codeine, morphine,
methadone, fcntanyl, oxycodone HCl. hydrocodone bitar-
tratc, hydromurphone, oxymurphone, mcpeddine, property-
phene, opium, heroin, trumadol, taperrtadol.

In some embodiments. said patient is free from respira—
tory depression for at least about 1 hour following treatment
comprising delivery of said therapeutically reflective amount
of said opioid antagonist.

ln some embodiments, said patient is free fi'om respira-
tory depression for at least about 2 hours following treat—
ment comprising delivel}I of said therapeutically effective
amount of said opioid antagonist.

In some embodiments, said patient is free from respira-
tory depression for at least about 4 hours following treat—
ment comprising delivery of said therapeutically efl'ectivc
amount of said opioid antagonist.

In some embodiments, said patient is free from respira—
tory depression for at least about 6 hours following treat-
ment comprising delivery of said therapeutically effective
amount of said opioid antagonist.

Also provided are embodiments wherein any embodiment
above may be combined with any one or more of these
embodiments, provided the combination is not mutually
exclusive.

Also provided are the devices, pharmaceutical composi—
tions, kits, and methods of treatment deseribod herein for use
in the treatment of an opioid overdose symptom selected
from: respiratory depression, postoperative opioid respira—
tory depression, altered lcvcl consciousness, rniotic pupils,
cardiovascular depression, hypoxcmia, acute lung injury,
aspiration pneumonia, sedation, and hypotension. Also pro—
vided are the devices, pharmaceutical compositions, kits,
and methods of treatment described herein for use in the
reversal of respiratory depression induced by opioids. In
some embodiments, the respiratory depression is caused by
the illicit use of opioids or by an accidental misuse of
opioids during medical opioid therapy. Also provided are the
devices. pharmaceutical compositions, kits, and methods of
treatment described herein for use in the complete or partial
reversal ofnarcotic depression, including respiratory depres-
sion, induced by opioids selected from: natural and synthetic
narcotics, propoxyphene, methadone. nalbuphine, pentaton-
cine and butorphanol. In some embodiments, narcotic
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depression, including respiratory depression, is induced by
an opioid agonist selected from codeine, morphine, metha-
done, fcntanyl. oxycodone HCl, hydrocodone bitartrate,
hydromorphtme, oxymorphone, meperidirre, propoxyphene,
opium, heroin, tramadol, and tapentadol.

Also provided are devices, pharmaceutical formulations,
and kits for= and methods of, treating opioid overdose or a
symptom thereof, comprising nasally administering to a
patient in need thereofa therapeutically effective amount of
an opioid antagonist selected from ualoxone and pharma—
ceuiicaiiy acceptable salts thereof, wherein the therapeuti—
cally effective amount is equivalent to about 2 mg to about
12 mg of naloxone hydrochloride. In some embodiments,
the patient is not breathing Also provided are devices
adapted for nasal delivery ofa pharmaceutical composition
to a patient, comprising a therapeutically efi'ective amount of
an opioid antagonist selected liom naloxone and pharma—
ceutically acceptable salts thereof, wherein the device is
pro-primed, and wherein the therapeutically eflec‘tive
amount, is equivalent to about 4 mg to about 12 mg of
naloxonc hydrochloride. In some embodiments, the thera-
peutically effective amount is equivalent to about 2 mg to
about 24 mg of naloxone hydrochloride. In some embodi-
ments, the therapeutically effective amount is equivalent to
about 3 mg to about 13 mg of naloxone hydrochloride. In
some embodiments, the therapeutically efl‘ective amount is
equivalent to about 4 mg to about 10 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
ellective amount is equivalent to about 5 mg to about ll mg
ofnaloxone hydrochloride. In some embodiments, the thera-
peutically effective amount is equivalent to about 6 mg to
about 10 mg of ualoxone hydrochloride. in some embodi—
ments, the therapeutically efiective amount is equivalent to
about 4 mg to about 8 mg of naloxone hydrochloride. In
some embodiments, the therapeutically etiective amount is
equivalent to about 'r‘ mg to about 9 mg of naloxonc
hydrochloride. In some embodiments, the therapeutically
effective amount is equivalent to about 3.4 mg of oaloxone
hydrochloride. In some embodiments, the therapeutically
ellbc1ive amount is equivalent to about 4 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
eflective amount is equivalent to about 5 mg of naloxone
hydrochloride. In some embodiments. the therapeutically
effective amount is equivalent to about 6 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
efl'ective amount is equivalent to about 7 mg of naloxonc
hydrochloride. In some embodiments, the therapeutically
efi'ectivc amount is equivalent to about 8 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
cii'ective amount is equivalent to about 9 mg of naloxonc
hydrochloride. In some embodiments, the therapeutically
efl'octivc amount is equivalent to about It} mg of naloxone
hydrochloride. In some embodiments, the therapeutically
effective amount is equivalent to about 1] mg 01‘ naloxonc
hydrochloride. In some embodiments, the therapeutically
eflective amount is equivalent to about 12 mg of naloxone
hydrochloride. In some embodiments, the opioid antagonist
is the only phannaceutically active compound in pharma-
ceutical composition. In some embodiments. the opioid
antagonist is naloxone hydrochloride. In some embodi—
ments. the opioid antagonist is anhydrous naloxone hydro—
chloride. ln some embodiments, the opioid antagonist is the
only phannacentically active compound in said pharmaceu—
tical composition. In some embodiments, the opioid antago-
nist is naloxone hydrochloride. In some embodiments, the
pharmaceutical composition comprises a solution of nalox-
one hydrochloride. In some embodiments, the nasally
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administering is accomplished using a device described
herein. In some embodiments, the opioid overdose symptom
is selected from: respiratory depression, postoperative opie
oid respiratory depression, altered level consciousness,
miolic pupils, cardiovascular depression, hypoxemia. acute
lung injury, aspiration pneumonia, sedation, and hypoten-
sion. In some embodiments, the opioid overdose symptom is
respiratory depression induced by opioids. In some embodi-
ments, the respiratory depression is caused by the illicit use
of opioids or by an accidental misuse of opioids during
medical opioid therapy. In some embodiments, the respira-
lory depression is induced by opioids selected from: natural
and synthetic narcotics, propoxyphenc, methadone, nalbu-
phine, pentazocine and butorphanol. In some embodiments,
the respiratory depression is induced by an opioid agonist
selected from codeine, morphine, methadone, fentanyl, oxy-
codone HC], hydrooodone bitartrate, ltydromorphone, oxy-
morphone, meperidine, propoxyphene, opium, heroin1 tra-
madol, and tapcntadol.

Also provided are devices. kits, and pharmaceutical for-
mulations for, and methods of, treating opioid overdose or a
symptom thereof, comprising nasally administering to a
patient in need thereof a therapeutically efi‘cclive amount of
an opioid antagonist together and at least one known phar-
maccutical agent. In some embodiments. the method com-
prises nasally administering to a patient in need thereof
therapeutically effective amounts of a short-acting opioid
antagonist and a long-acting opioid antagonist. In some
embodiments, the method comprises nasally administering
to a patient in need thereof therapeutically efl'ective amounts
of naloxone and naltrexone. in some embodiments. the
method comprises nasally administering to a patient in need
thereof therapeutically efl'ective amounts of naloxone and
methylnaltrexone. In some embodiments, the method com-
prises nasally administering to a patient in need thereof
therapeutically eflective amounts of naloxone and nalme-
fone.

Also provided are devices, kits, and pharmaceutical for—
mulations for, and methods of, reversing the psychotomi-
metic and dysphoric cliects of agonist-antagonists such as
pentazccine, comprising nasally administering to a patient in
need thereof a therapeutically effective amount ofan opioid
antagonist selected from naloxone and phannaceutically
acceptable salts thereof, wherein the therapeutically efl'ec—
tive amount is equivalent to about 2 mg to about 12 mg of
naloxone hydrochloride. In some embodiments, the thera-
peutically efl'ective amount is equivalent to about 4.4 mg of
haloxone hydrochloride. in some embodiments, the thcra-
peutically efi'eclive amount is equivalent to about 4 mg of
nalottone hydrochloride dihydrate. In some embodiments,
the nasally administering is accomplished using a device
described herein.

Also provided are devices, kits, and pharmaceutical for-
mulations for, and methods of, diagnosis of suspected acute
opioid overdosage1 comprising nasally administering to a
patient in need thereofa therapeutically effective amount of
an opioid antagonist selected from naloxone and pharma-
ceutically acceptable salts thereof, wherein the therapeuti—
cally effective amount is equivalent to about 2 mg to about
12 mg of nanxone hydrochloride. In some embodiments,
the therapeutically effective amount is equivalent to about 4
mg of nalortonc hydrochloride. In some embodiments, the
therapeutically elfective amount is equivalent to about 4.4
mg of nalottone hydrochloride dihydrate. In some embodi—
ments, the nasally administering is accomplished using a
device described herein.
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Also provided are devices, kits, and pharmaceutical for—
mulations for, and methods of, treating opioid addiction.
comprising nasally administering to a patient in need thereof
a therapeutically reflective amount of an opioid antagonist
selected from naloxone and phannaceutically acceptable
salts thereof, wherein the therapeutically efl‘ective amount is
equivalent to about 2 mg to about 12 mg of nalortone
hydrochloride, In some embodiments, the therapeutically
efl'ective amount is equivalent to about 4 mg of naloxone
hydrochloride. in some embodiments, the therapeutically
reflective amount is equivalent to about 4.4 mg 01‘ naloxone
hydrochloride dihydrate. In some embodimean, the nasally
administering is accomplished using a device described
herein.

Also provided are devices, kits, and pharmaceutical for-
mulations for, and methods of, treating septic shock, com-
prising nasally administering to a patient in need thereofa
therapeutically efliective amount of an opioid antagonist
selected from naloxone and pharmaceutically acceptable
salts thereof, wherein the thcrapeutically eficctive amount is
equivalent to about 2 mg to about 12 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
efl'ective amount is equivalent to about 4 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
ellcctive amount is equivalent to about 4.4 mg of naloxone
hydrochloride dihydrate. In some embodiments, the nasally
administering is accomplished using a device described
herein.

Also provided are devices, kits, and pharmaceutical for-
mulations for, and methods of, treating opioid overdose or a
symptom thereof, reversing the psychotomimetic and dys-
phoric cfi‘ccts of agonist-antagonists such as pentazocinc,
diagnosing suspected acute opioid overdosagc, treating opi-
oid addiction, or treating septic shock, comprising nasally
administering to a patient in need thereof a therapeutically
efl'ective amount of an opioid antagonist, wherein the dicta—
peutically effective amount is about 2 mg to about 12 mg. In
some embodiments, the therapeutically effective amount is
equivalent to about 4 .4 mg of naloxone hydrochloride dihy-
drate. In some embodiments, the therapeutically effective
amount is equivalent to about 4 mg of naloxone hydrochlo-
ride. In some embodiments, the patient is an opioid overdose
patient. In some embodiments. the patient is not breathing.
In some embodiments. the opioid antagonist is the only
pharmaceutically active compound in said pharmaceutical
composition. In some embodiments, the opioid antagonist is
selected from naltrcrtone, methylnaltrexone, and nalmefene.
and phannaceutically acceptable salts thereof. 111 some
embodiments. the opioid antagonist is naltrertonc hydrochlo-
ride. In some embodiments, the opioid antagonist is meth—
ylnaltrexonc bromide. in some embodiments, the opioid
antagonist is naimefene hydrochloride. In some embodi-
ments, the nasally administering is accomplished using a
device described herein. In some embodiments, the opioid
overdose symptom is selected from: respiratory depression,
postoperative opioid respiratory depression, altered level
consciousness, miotic pupils, cardiovascular depression.
hypoxemia, acute lung injury, aspiration pneumonia. seda—
tion, and hypotension. In some embodiments, the opioid
overdose symptom is respiratory depression induced by
opioids. In some embodiments, the respiratory depression is
caused by the illicit use ofopioids or by an accidental misuse
of opioids during medical opioid therapy. In some embodi-
ments. the respiratory depression is induced by opioids
selected from: natural and synthetic narcotics, propoxy-
phone methadone, nalbuphine, pentazocine and butorpha—
no]. In some embodiments, the respiratory depression is
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induced by an opioid agonist selected from codeine, inor—
phine, methadone, fentanyl, oxyoodone HCl, hydrocodone
hitaruate. hydromorphone, oxymorphone, meperidine,
propoxyphcne, opium, heroin, tramadol, and tapentadol.

Also provided are embodiments wherein any embodiment
above may be combined with any one or more of these
embodiments, provided the combination is not mutually
exclusive. Also provided herein are uses in the treatment of
indications or one or more symptoms thereof as disclosed
herein, and uses in the manufacture of medicaments for the
treatment of indications or one or more symptoms thereof as
disclosed herein, equivalent in scope to any embodiment
disclosed herein, or any combination thereof that is not
mutually exclusive. The methods and uses may employ any
of the devices disclosed herein or any combination thereof
that is not mutually exclusive. or any of the pharmaceutical
formulations disclosed herein or any combination thereof
that is not mutually exclusive.
Receptor Occupancy

Also provided art: devices for use in treating opioid
overdose and symptoms thereof and methods of using the
devices. which provide a high level of brain opioid receptor
occupancy as may be determined, for example, by positron
emission tomography (PET). PET and singlephoton emis-
sion computed tomography (SPECT) are noninvasive imag—
ing techniques that can give insight into the relationship
between target occupancy and drug eflicacy. provided a
suitable radioligand is available. Although SPECI' has cer-
tain advantages (cg, a long half-life of the radionuclides).
the spatial and temporal resolution as well as the labeling
possibilities of Ibis technique are limited.

PET involves the administration to a subject ofa positron-
emitting radionuclide tracer followed by detection of the
positron emission (annihilation) events in the body. The
radionuclide tracer is typically composed of a targeting
molecule having incorporated therein one or more types of
positron-emitting radionuclide-s. Positron-emitting radionu-
clides include “t‘, ”N, lso, 1“1:, ”Fe, 62Cu, “Cu, ”Ga,
TdAS, 1“Rb, 39h, :221 and '2‘ I. Non-metal radionuclides may
be covalently linked to the targeting molecule by reactions
well known from the state ol'art. When the radionuclide is

a metallic positron-emitter, i1 is understood that labeling
may require the use of a chelating agent. Such chclaling
agents are well known from the state of the art.

The positron-emitter labeled compound is administered
directly. c.g., IV, or indirectly. e.g., IN. into the subject’s
vascular system, from where it passes through the blood-
bmin barrier. Once the tracer has had suflicicnt time to
associate with the target oi'interest, the individual is placed
within in a scanning device comprising ring of scintillation
detectors. An emitted positron travels through the individu-
al‘s tissue for a short (isotope-dependent) distance, until it
interacts With an electron. The interaction annihilatcs both
the electron and the positron. producing a pair of photons
moving in approximately opposite directions. These are
detected when they reach a scintillator in the scanning
device. Photons that do not arrive in pairs are ignored. An
image is then generated of the part of the individual‘s brain
to which the compound has distributed.

PDT studies are useful for comparing nasal delivery of
naloxonc using the devices and at the doses described
herein, to typical nasal doses ofnaloxone (such as 1—2 mg),
to delivery of naloxonc using other nasal devices (such as
the MAD“) and by other routes of administration such TM
or [V naloxone or oral naltrexone or naimefene. Further
comparisons may he made between nasal administration in
the upright versus the lying or supine positions. Usefiil
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measum that may be determined in such studies are the time
to onset of action, brain half-life, and the percent receptor
binding or occupancy of a patient's opioid receptors. for
example, the u—opioid receptors in the respiratory center in
the medulla oblongata.

[”CJCarl'entanil (CFN) is a u-opioid agonist used for in
vivo PE'l' studies of p-opioid receptors. One such study
involved healthy male volunteers assigned at enrohncnt to
receive either naltrexone or a novel u—opioid receptor
inverse agonist (GSK1521498) (Rabiner ct 3]., Pharmaco-
r’ogr'car' differentiation of opioid receptor antagonists by
molecular andfunctional imaging ofmrgret mufmnqv and

fiiod' reward—related brain activation in humans. Molecular
Psychiatry (2011 ) 15, 326-835). Each participant underwent
up to throc [' 'C]—carfentani| PET scans and two functional
magnetic resonance imaging (MRI) examinations: one
[“C]-carfentanil PET scan and one mm scan at baseline
(before dosing) and up to two PET scans and one fM'Rl scan
following oral administration of a single dose of
GSK1521498 or naltrexone. The administered doses of

(ESK1521498 or naltrcxonc were chosen adaptively to opti-
mize the estimation of the dose-occupancy relationship for
each drug on the basis of data acquired from the preceding
examinations in the study. The administered dose range was
0.4—100 mg for GSKI 521498, and 2—50 mg for nallrcxone.
The maximum doses administered were equal to the maxi—
mum tolerated dose of GSK1521498 determined in the
first—in-human study and the standard clinical dose of nal-
trexone used for alcohol dependence. The times and doses of
the two post—dose [”C]—carfentanil PET scans were chosen
adaptively for each subject to optimize estimation of the
relationship between plasma concentration and receptor
occupancy. Post-dose [“C1-carfentanil PET scans were
acquired at 3-36 h alter the administration of GSKt 521498
and at 3-38 h after the administration of naltrexone. Post-

dose fMRI scans were acquired within 60 min of the first
post-dose PET scan. Venous blood samples were collected at
regular intervals throughout the scanning sessions. High—
performanoe liquid chromatographytmass spectrometry!
mass spectrometry was used to estimate the plasma concen-
trations of GSK1521498, naltrexonc, and the major
metabolite of naltrexone, 6—B—naltrexol. Drug plasma con-
centration at the start ol'each PET scan was used to model

the relationship between drug concentrations and p—opioid
receptor occupancies. Carfentanil (methyl 1-(2—phenyl-
ethyl)-4-(phenyl(propanoyl)amino)—4-piperidinecarboxylate
35, SS; Advanced Biochemical Compounds, Radeberg, Ger—
many), a potent selective rt—opioid receptor agonist, was
labelled with carbon-ll using a modification of a previously
described method implemented using a semiautomated
Modular Lab Multifunctional Synthetic Module (Eckert &
Ziegler, Berlin, Germany). The final product was reformu-
lated in sterile 0.9% saline containing 40% ethanol (fly)
and satisfied quality control criteria for specific activity and
purity before being injected intravenously as a slow bolus
over ~30 5. PET scanning was conducted in three-dimen-
sional mode using. a Siemens Biognrph 6 Hi-Rez PET~CT for
the naltrcxone group and a Siemens Biograph 6 TruePoirrt
PET-CT for the GSK1521498 group (Siemens Heallhcare,
Erlangen, Germany). A low—dose CT scan was acquired for
attenuation correction before the administration of the

radiotracer. Dynamic PET data were acquired for 90 nrin
alter [“Cl-carfcntanil injection, binned into 26 frames (du-
rations: 8x15 3, 3x60 5, 5x2 min, 5x5 min and 5x10 min),
reconstructed using Fourier re-binning and a two-dimen-
sional-filtered back projection algorithm and then smoothed
With a two-dimensional Gaussian filter (5 mm at Full width
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half maximum). Dynamic PET images were registered to
each participant‘sTt-weighted anatomical MRI volume and
corrected for head motion using SPMS software (Wellcome
Tmst Centre for Neuroimaging). Poe-selected regions of
interests were defined bilaterally on the Tl-weighted ana—
tomical volume using an in-house atlas and applied to the
dynamic PET data to generate regional time—activity curves.
The [1 lCl-cart‘entanil-specific binding was quantified as
binding potential relative to the nondisplaceable compart-
ment [Bch-D)

3'0an
Kn
 

3PM) =

where {w is the free fraction of the radioligand in the brain.
K0 is the allinity of [”C]-carfentanil, and BM” is the
density of the available p—opioid receptors. Regional [“C'I-
cart'cntanil BPND was estimated using a reference tissue
model with the occipital cortex as the reference region. Drug
related occupancy of the p—opioid receptor was quantified as
a reduction of [“CI-carfentanil.

mowers:
3mm"Occupant-yam =

The affinity constant for each drug at the p-opioid receptor
(efl'ective concentration 50 (3:50)) was estimated by fitting
the plasma concentration measured at the start of the PET
scan, CPD”? to the estimated occupancy:

,
{Dru

Occupants”. =m
as

The use Ufa sensitive non-tomographic positron detecting
system to measure the dose-response curve of naloxone in
human brain has also been reported. [“ClDiprcnorphine
was administered to normal volunteers in tracer amounts
and, 30 min later, various bolus doses of naloxono were
given (LS-160 ugfkg) intravenously and change in [”C]
diprenorphine binding monitored over the next 30 min.
Approximately l3 pgi'kg ofnaloxone (approximately 1 mg
in an 30 kg man) was required to produce an estimated 50%
receptor occupation, consistent with the clinical dose of
naloxone used to reverse opiate overdose (0.4 mg-l.2 mg).
Melichar et al., Naloxone displacement at opioid receptor
sites measured in viw; hr the human brain. Eur J Pharmacol.
2003 Jan. 1?; 459(2—3);217-9).

In some embodiments of the devices. kits, pharmaceutical
formulations. and methods disclosed above, delivery ofthe
therapeutically eiiective amount to the patient, provides
occupancy at Tm: of the opioid antagonist at the opioid
receptors in the respiratory control center of the patient of
grcalcr than about 90%. In some embodiments, delivery of
the therapeutically elt‘ective amount to the patient, provides
occupancy at tmx of the opioid antagonist at the opioid
receptors in the respiratory control center of the patient of
greater than about 95%. In some embodiments, delivery of
the therapeutically effective amount to the patient, provides
occupancy at I,"m of the opioid antagonist at the opioid
receptors in the respiratory control center of the patient of
greater than about 99%. In some embodiments, delivery of
the therapeutically effective amount to the patient. provides
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occupancy at In,“ of the opioid antagonist at the opioid
receptors in the respiratory control center of the patient of
about 100%.

Also provided are embodiments wherein any embodiment
described above may be combined with any one or more of
these embodiments, provided the combination is not mutu-
ally exclusive.

EXAMPLES

l-anmple l

Pbarmacokinetics and Safety of lntranasal
Naloxone in Humans (Study 1)

A clinical trial was perforated for which the primary
objectives were to determine the phannaookirtetics (PK) of
2 intranasal (IN) doses (2 mg and 4 mg) of naloxone
compared to a 0.4 mg dose of naloxonc administrated
intramuscularly (1M) and to identity an appropriale IN dose
that could achieve systemic exposure comparable to an
approved parenteral dose. The secondary objective; were to
determine the safety of 1N naloxone, specifically with
respect to nasal in-itation (erythema, edema, and erosion).

Methodology: This was an inpatient open—label, random—
ized, 3-pcriod, 3-treatment, 6-sequcncc, crossover study
involving 14 healthy volunteers. Subjects were assigned to
one ol'thc 6 sequences with 2 subjects in each sequence (2
sequences had 3 subjects). Each subject received 3 naloxonc
doses. at single 2 ntg IN dose (one spray of 0.1 ml. of 10
rngt'rnI. solution in each nostril), a single 4 mg IN dose (2
sprays of 0.1 mL per spray of 10 mgme solution in each
nostril) and a single 0.4 mg IM dose, in the 3 dosing periods
(Fable 1). Subjects stayed in the inpatient facility for It days
to complete the entire study and were discharged on the next
day after the last dose. Subjects returned for a final follow-
up visit 3-5 days alter discharge. Alter obtaining informed
consent, subjects were screened for eligibility to participate
in the study including medical history, physical examination.
clinical chemistry, coagulation markers, hematology, infec-
tious disease serology, urinalysis, urine drug and alcohol
toxicology screen, vital signs and electrocardiogram (ECG).
On the day after clinic admission, subjects were adminis-
tered study dmg in randomized order with a 4—day washout
period between doses until all three doses were adminis—
tered. Blood was collected for naloxone PK prior to closing
and approximately 2.5, 5, 10, 15, 20, 30, 45, 60, 120, 180,
240, 300. 360. 430, and T20 min allcr the start of study drug
administration, On days of study drug administration, a
lZ-lead ECG was performed approximately 60 min prior to
dosing and at approximately 60 and 480 min postdose. Vital
signs were measured pro-dose and approximately 30, 60,
120. and 480 min post-dose. 0n dosing days, the order of
assessments was ECG, vital signs, then PK blood collection
when scheduled at the same nominal times. ECG and vital
signs were collected within the 10-min period before the
nominal time of blood collections. At screening. admission,
discharge, and follow-up. ECG and vital signs were checked
once per day. Vital signs were also checked once on the day
after naloxone administration. Clinical laboratory measure-
ments were repeated alter the last PK blood draw prior to
clinic discharge. AEs were assessed by spontaneous reports
by subjects, examination of the nasal mucosa, physical
examination, vital signs, ECG, and clinical laboratory
parameters.

Main Criteria for InclusionlExclusion: Healthy volunteer
adults with a body mass index (BMI) of 18310 kgi‘mz.
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Investigational Product, Dose and Mode of Administra-
tion: Naloxone given [N was at a dose of 2 mg (l squirt in
each nostril delivered 0.1 mL of 10 mglmL naloxonc) and 4
mg [2 squirts in each nostril delivered 0.2 mUnostril at 10
mgt'mL naloxone, using two devices). 1N naloxone was
adminislered using a PfeiJIer (Aptar) BiDose liquid device
with the subject in a fully supine position.

Duration ofTreatment: l-‘ach 1N and 1M dose was admin-
istered once in each subject in random sequence.

Reference Therapy, Dose and Mode of Administration:
Naloxone was given IM at a dose of0.4 mg in 1.0 mL with
a 23-3 needle as a single injection in the glulcus maximns
muscle.

PK Evaluation: Blood was collected in sodium heparin
containing tubes For naloxone PK prior to dosing and 2.5, 5.
10, 15, 20, 30,45,611, 120. 130,240,300, 360,480,and 720
min afler lhc slart of study drug adininislration. Non-
compartmcntal PK parameters including Cm“, thAUC to
infinity (AUCOJ), AUC to last measurable concentrnlion
MUCH). 11:2, A,“ and apparent clearance (CLIF) were
determined. Values of t”2 were determined from the log-
lincar decline in plasma concentrations from 2 to 6 or 8 h.

Safety Evaluation; Heart rate, blood pressure, and respi-
ration rate was recorded before nalortone dosing and at
approximately 30, 60. I20, and 480 min after dosing. "lhese
vital signs and temperature were also measured at screening,
clinic intake, one day alter each closing session and at
follow-up. A IZ-lead ECG was obtained prior to and
approximately 60 and 480 min after each naloxone dose, as
well as during screening, clinic intake. and follow-up. ECG
and. vital signs were taken within the 10-min ,n-enod before
the nominal time for blood collections. ABS were recorded
front the start of study-drug administration until clinic
discharge. AEs were recorded relative to each dosing session
to attempt to establish a relationship between the AF. and
type of naloxone dose administered. An examination of the
nasal passage was conducted at Day—1 to establish eligibility
and at pro-dose, 5 min, 30 min, 60 min, 4 h, and 24 h post
naloxone administration to evaluate evidence of irritation to
the nasal mucosa. Clinical laboratory measurements were
done prior to the first drug administration and on the day of
clinic release.

Statistical Analysis of PK Parameters: Cm“, [mm and
AUC for 2 and 4 mg 1N nnloxone were compared with those
for 0.4 mg 1M nalottone. Within an ANOV'A framework,
comparisons of natural log (LN) transformed PK parameters
(Cmm andAUC) for IN versus 1M naloxonc treatments were
performed. The 90% confidence interval (CI) For the ratio

In

15

20

25

310

35

45

42

close. The overall % coefficient of variation (% CV) for the
delivered dose from all 42 devices was 6.9% (Table 9).
Preparation time of the IN doses took less than one third of
the time to prepare the 1M injection [T0 seconds for the 1M
injection and 20 seconds for the IN administration) (Table
8). The time to prepare the 1M injection did not include
loading the syringe. Since the one purpose of the study was
to determine if peak naloxonc plasma concentrations (CMJ
and AUCS following IN 2 mg and IN 4 mg administrations
were equivalent to, or greater than 1M 0.4 mg dosing, AUCs
and CM, values were compared without considering the
dose difference among treatments. The Cm“, AUCH and
AUCM, for both the 2 mg IN and 4 mg 1N doses were
statistically significantly greater than those for the 0.4 mg
1M dose {p<0.001). The geometric least square means for
CM, were 2.18 ng/mL, 3.96 ngme. and 0.354 ngi‘ml. for [N
2 mg, IN 4 mg and 1M 0.4 mg, reapectively. The geometric
least square means for AUCDM, were 3.32 ng‘lu‘mlq 5.4?
ng-hmeand 1.39 ng-hme forIN 2 mg. IN 4 mg and 1M 0.4
mg respectively. The geometric least squares mean ralios for
IN 2 mgflM 0.4 mg were 290% for Cm“ and 239% for
AUCU_,,,. The ratios for IN 4 mgliM 0.4 mg were 525% for
CmIT and 394% for AUCDJ. There were 110 statistically
significant difl‘ercnces between the mutcs and doses with
respect to tmfl. suggesting peak efl'ects would occur at
similar times for all treatments, However, the mean t,,,,,,
values did trend lower for lhe IN route versus 1M. and for 4

mg IN versus 2 mg lN. (See Table 2). In comparing the
extent of systemic absorption of IN to IM closing, the F,“
estimates were 55.7% and 46.3% for TN 2 mg and 4 mg,
rcspeclively. See Table 3.

Safety Results: No et'ythema, edema, erosion. or olher
sign was observed in the nasal cavity prior to or after any TN
administration of naloxone at 2 and 4 mg to both nostrils.
One subject experienced mild transient (over 3 min} pha—
ryngeal pain coincident with the application of the 2 mg 1N
dose. This pain resolved spontaneously. Vital signs, ECG,
and clinical laboratory parameters did not reveal any clini-
cally noteworthy changes after naloxone administration.
There was no evidence of Q'l'cF prolongation.

TABLE 1 

Order of Naloxnne Deans and Route
of Administration for each Subject.

(INHM’) of the least squares means of AUC and Cam Sutt-
parameters was constructed.'[hese 90% CI were obtained by so not Sequence Desi-In Session Dos-nit Session Rising Session
cxponentiation of the 90% confidence intervals for the a In a #1 Day 1 #2 Day 5 #3 Day 9
dilference between the least squares means based upon a LN ‘
scale. In addition, dose adjusted values for AUCs and CM: I “'3 5 ‘1 "‘5 D‘ 2 "'5 D" ""1 ““3 1M‘ ' '3

based upon a 0.4 mg dose were calculated (Tables 4-7). The 2 1°? 5 0-4 "‘3 W} 4 “‘3 1* - "15 TN
relative extent of absorption (relative bioavailability, 14",) of 55 3 ”2 I 2 "13 B a ”13 IN 0'4 mg N. _ . 4 113' 3 0.4 mglM 211133 4mglN
Intranasal (1N versus 1M} was estimated from the dose— , _S 120 I 2 mg Ih 4 mg In 0.4 mg 13.1corrected AUCs.. , . 6 123 2 4 mg l'N 0.4 mg 134 2 mg TN

Statistical Analysts of Adverse Evcnts: AEs were coded , 1:7 3 0 4 mg m 2 mg m 4 mg musing the Medical Dictionary for Regulator],r Activities ' . _‘ E 128 S 4 mg l.\I 2 in; l.\ 0.4 mg 1M
(MBdDR-‘U- VENUE 19- Preferred 13"]1'15 and are STU‘JPed by ‘5” 9 133 2 4 mg IN 11.4 mg 1M 2 mg IN
system, organ, class (SOC) destgnanon. AEs are presented ,0 .1 3 A 2 mg m 0.4 mg m 4 mg m
as a inning including the mandate, stop date, severity, 11 114 1 2 mg Lu 4 mg 1N 0.4 mg 1M
relationship, outcome, and duration. _ 12 119 6 0.4 mg 1M 4 mg m 2 mg IN

Pltannacoktnctlcs Results: The mean dose delivered for 13 125 4 2 mg D: 0.4 mg 1M 4 mg m
the 2 mg 1N naloxone dose was 1.71 mg (range 1.50 mg to 65 14 1.15 s 4 mg EN 2 mg TN 0.4 mg I.\{
1.80 mg) and for the 4 mg IN naloxone dose it was 3.40 mg
[range 2.93 mg to 3.65 mg). This was 84-85% ol‘the target
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TABLE 2 TABLE 6  

Summary of Nalnxonc Phamauukinui: Paramctcrs Folluwing Statistical C'ompaIison 0f (10010:de Least Squares
NaJonnc as 0.4 mg mmusculu {TM}. 2 mg [1111303531 Mm (GI-5M) 0f lennamkmctic PMBIETS for N

{m}, and 4 mg m Administralians. Nalnxnne m 3 Dose 131' 2 mg 10 1M Nalnxmn: a1 a hose
0103! mg with DoseAdjustmtto 0.4 mg.

0.4 mg 13"! 2 mg [N 4 mg TN 
GLSM GLSM GLSM

Paramzrer Mean “11: CV Man “.11: CV Mun “4'0 CV 10 2 mg 0-4 mg R3110 90% CI OfI’amrnmer [N {M TMITN 9’11 R0110 p-vniue
 
 

Dose {ng 0.400 — 1.714 5.? 3.403 5.?
Cwingv'mL} 0.765 216 2.32 41.2 4.55 63.? ‘1‘“..was-“ml-1 “-510 0-755 67-6 55.3-32.1 0.0028
1m [min] 20.34 36.1 19.911 31.0 111.42 33.6 1m (111 0.3.13 0.308 — — 1.000
AL'CM 133 19.9 3.41 29.5 5.53 27.6 15 ALP-41.1; 0.767 1.35 55.3 50.8-53.4 40.001

11th 1.42 19.2 3.44 293 fig 27.5 Auchw 0.715 1.39 55.1 50.0—52.1 <0.001
(“E _ MITILII (n3 ' I1."111L)
11,1101} 0593 16.6 0.588 0.522 3.0 10.2 '1": 1h} 1'13 1'19 99.3 91'3'108 0'89”
1mm 1.21 20.1 1.19 8.3 1.22 10.2 2°

 

        

TABLE 7 

TABLE 3 Smisrjcal Comparison ofCornpaa-ison ofGeonwhic Least
15 Squares Mean (61.3341) 1711311310130ko Parameters for

Sllnunuy n1 stoxon: Phannamkmelic Pammclcls Following Nalamnc IN NaJDxcme at :4 D054: (11 4 mg 1.0 1M Naloxom: :u 3. Dose-
as [1.4 m3 lJm-amuscular (1M), 2 mg 133011111331 [15']. and 4 01114 mg 0111] Dose Ad'us‘tmcmto 0.4 mg.
mg IN AdanisLmions with Dose Normalized In (1.4 mg.

 

GLSM GLSM ULSM
0.4 mg 1.31 2 mg IN 4 m TN 4 mg [1.4 mg Ralin 90% CT 131

‘0 l’mmcLer LN 1M IMJIN 9'1: Rfi-Lifl p-vnlne
1

Parameter Mum %C\r' Menu: “11: CV Mum %c‘.v
 

 
Cm.b{ng-'m1.] 0.466 0.255 51.7 50.5—15.5 <0.oo1

mean, 1.30 19.9 0.290 20.1 0.667 29.4 rm (1:) 0.292 0.303 — — 0.418
113 - h."n'1L Avg...” 0.53? 1.35 41.2 42.3-52.7 40.001
ALT?“ fl, 1.42 19.2 0.804 29.3 (mg - 11.-'m1.)
ng - mm. .4th “.2: 0.544 1.39 46.3 41.5-51.5 <0.001
13,, 0.511 24.5 0.425 25.3 35 {ng- 11.:an1112011 1.22 1.19 102 94.0-111 0.65.1
 
 

TABLE 4 
TABLE 840 

Smistical Cmnparisun ii-r Gcmnetric Least Squares Mean (GLSMi
ol‘ Pharrrmokjnrlic Parameters for [N Nahmme at .0 Dose of}. mg Time 1.0 Prepare me 1M and IN Buses forndminjsmtion.to IM Naloxone at 3 Dose of 0.4 mi! with No Dos: Adiustmcm.

1
1
1
1

1
1
1

 

GLSM GLSM 61.331
2 mg 0.4 1115 Rule 90% CI of [M Dose 2 mg IN Dose 4 mg [N Dose

Parametcl EN IM TM-TN % Katie p-vnlnc 4S
 

 N 14 14 14
cm.“ (nymL) 2.18 (1.?54 290 2371-353 510.001 Mean 30 19 13
1..“ [1'1] 0.3.13 [1.303 - — 1.000 SD I0 4 3
AUCO, 3.28 1.35 243 219-2710 <U.UJ1 Median 73 19 23
{113 - 11-1'11L1 Minimum Sf! 15 115
ALI“M 3.32 1.39 239 215-264 <0.(‘PD1 50 Mun-1113.111 32 3') 2S 

11;; 1111 1.1.3 1.19 102 94.0-111 0.650? 

TABLE 9 

II‘ABLE 5 55 animated 1N Don: Delivered [11121. 

Statistics] Comparison office-111cm: 1.605! Squms Mean (GLSM) 4 mg Does
01' Phannacokinctic Parammrs fin 1N Nalaxon: at .4 Dose of 4 mg

to IM NaJoxone 3'10 Dos: 010.4 mp. with No Dost: Adjustment. 2- mg Dose FLrsL Second All Dances
Tom] Dfi'ioc Devin: Total Tots]

GLSM GLSM GLSM 60
4 mg 0.4 mg ijo 90% (3101' N 14 14 14 1-1 42

Pamm-Lcr TN 1M IMI'IN % Ratio p-vaJue. Mean L597 ”'32 1-537 3-359 L539SD 0.09? (LIFE 0.092 [1.193 U.I16

 

 
(“mun \ z 11‘ 0.? 21um,“ 5,...L, 3.," 5 .3 -..',' <0.1,‘1.‘1 ‘M: C‘.’ 5.? 9.3 5.4 5 7 5.9

131.1(3ng - i1-"n1L1 5.4I 1.35 401 36 445 <0.001 Median 1.708 L711 1.3114 3.410 1.710
AUCu.‘ [11g - 111'le 5.4T L39 394 3554315 tmflfll Minimum 1.481 I.31.‘i 1.5116 2.898 1.315qu0.20:1 1.22 102 94.0111 0.65155 Maximum 1.333 [.824 1.303 3.616 1.333  
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Example 2

Pharmacokinetics and Safety of lntranasal
Naloxone in Humans (Study 2)

A second study was undertaken to determine the pharma-
cokinetics (PK) and bioavailability of intranasally-delivered
naloxonc compared to inhamuscularly—iniected naloxnne.

Objectives. Specifically, the study had several objectives.
The first was to determine the phannacokinetics [i.e., the
Cm,“ 1m“. AUC0_,,,f and AUCO_,) of 4 intranasa] doses—2
mg, 4 mg (2 nostrils), 4 mg (l nostril)= and 8 mg (2
nostrils) of naloxone compared to a 0.4 mg dose of nalox-
one administrated 1M and to identify an appropriate IN dose
that could achieve systemic exposure comparable to an
approved parenteral dose. The second was to determine the
pharmacokinetics of two different concentrations (20
mymL and 40 mgr'mL) of IN naloxone. The third was to
determine the safety of IN naloxone, including adverse
events, vital signs, and clinical laboratory changes, specifi—
cally with respect to nasal irritation (erythema, edema, and
erosion).

Design. The study was an inpatient open—label, random—
ized, 5—period, S-traatrnenl, 5-sequence, crossover study
involving approximately 30 healthy volunteers, randomized
to have at least 24 subjects who complete all study drugadministrations and blood collections for PK assessments.

Subjects were assigned to one of the 5 sequences and there
were 6 subjects in each. Each subject received 5 naloxone
treatments during the 5 dosing periods: a single 2 mg IN
dom (one 0.1 mL spray of a 20 mgr’fl solution in one
nostril), a 4 mg lN dose [one 0.1 mL spray ol‘ a 20 mgme
solution in each nostril), a single 4 mg IN close (one 0.] mL
spray ofa 40 rnpfml. solution in one nostril), a single 8 mg
IN dose (one 0.1 mL spray ofa 40 ngmL solution in each
nostril), and a single 0.4 mg 1M dose. Subjects stayed in an
inpatient facility for 13 days to complete the entire study and
were discharged on the next day after the last dose. Subjects
returned fora linal follow-up visit 3 to 5 days allcr dis-
charge.

Afier obtaining informed consent, subjects were screened
for eligibility to participate in the study including medical
history, physical examination, clinical chemistry, coagula-
tion markers, hematology, infectious disease serology, uri—
nalysis. urine drug and alcohol toxicology screen, vital signs
and ECG.

Inclusion criteria were: men or women 18 to 55 years of
age. inclusive: written informed consent; BM] ranging from
18 to 30 kgfm2, inclusive; adequate venous access; no
clinically significant concurrent medical conditions; agree—
ment to use a reliable double-barrier method of birth control
from the start of screening until one week alter completing
the study (oral contraceptives are prohibited); and agreement
not to ingest alcohol, drinks containing xanflrine >500
mg’day, or grapefruitfgrapefiuil juice, or participate in
strenuous exercise 72 hours prior to admission through the
last blood draw of the study.

Exclusion criteria were: any IN conditions including
abnormal nasal anatomy, nasal symptoms (i.e., blocked
andtor runny nose, nasal polyps, etc), or having a product
sprayed into the nasal cavity prior to drug administration;
taking prescribed or over-the-counter medications, dietary
supplements, herbal products, vitamins, or recent use of
opioid analgesics for pain relief (within 14 days of last use
of any of these products); positive urine drug test for
alcohol, opioids. cocaine. amphetamine. methamphetamine,
benrodiazepines. tetrahydrocannabinol (THC), barbiturates,
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or methadone at screening or admission; previous or current
opioid, alcohol, or other drug dependence (excluding nico-
tine and catfcine), based on medical history; subject con-
sumes greater than 20 cigarettes per day on average, in the
month prior to screening. or would be unable to abstain from
smoking (or use ofany nicotine-containing substance) for at
least one hour prior to and 2 hours after nalomne closing; on
standard l'2—lead ECG, a Q'l‘cF interval 23440 msec for males
and M50 msec for females; significant acute or chronic
medical disease in the judgment of the investigator; a likely
need for concomitant treatment medication during the study:
donated or received blood or underwent plasma or platelet
apheresis within the 60 days prior to the day before study
commencement: female who is pregnant, breast feeding. or
plans to become pregnant during the study period or within
one week after naloxonc administration; positive test for
hepatitis I! surface antigen (HBsAB), hepatitis C virus
antibody (HtTVAb) or human immunodeficiency virus anti-
body (lilVAb) at screening: and current or recent (within 7
days prior to screening) upper respiratory tract infection.

Naloxone for lM injection manufactured by Hospira was
obtained from a licensed distributor at a concentration of 0.4
mgimL and was given 1M at a dose of0.4 mg in 1.0 mL with
a 23-g needle as a single injection in the gluteus maximus
muscle. Nalonone for IN administration was obtained from

Lightlakc Therapeutics, Inc., London. United Kingdom at
two concentrations of 20 mg’mL and 40 mg/mL. and was
given as doses of 2 mg (one 0.1 mi. spray of the 2D mgr’mL
formulation in one nostril), 4 mg(1wo 0.] ml. sprays of the
20 mgme formulation in two nostrils), 4 mg, [one 0.1 niL
spray ofthe 40 mgr’fi formulation in one nostril) and 3 mg
[two 0.1 mL sprays of the 4D mgz’rnL formulation in two
nostril). IN ualoxone was administered using an Aptar single
dose device with the subject in a fully supine position.
Subjects were to be instmcted to not breathe through the
nose when the [N dose of naloxone was administered.

On the day after clinic admission, subjects were admin-
istered study drug in randomized order with a 4-day washout
period betwccn doses until all 5 treatments were adminis—
tered. Blood was collected for naloxone PK prior to dosing
and approximately 2.5. 5, It}, 15. 2t], 30, 45, 60, 120, 180,
240, 300, .160, 481] and T20 minutes after the start of study
drug administration, into sodium heparin containing tubes.
On days of study drug administration, a lZ-lead ECG was
performed approximately 60 minutes prior to dosing and at
approximately 50 and 480 minutes post-dose. Vital signs
were measured pre-dose and approximately 30, 60, 120, and
430 minutes post-dose. On dosing days, the order ofassess—
merits were ECG, vital signs, then PK blood collection when
scheduled at the same nominal times. The target time of the
PK blood collection was considered lhe most important, and
if the collection was more than :1 minute from the sched—
uled time for the first 60 minutes ofcollections or more lhan
:5 minutes fOr the scheduled time points thereafier, this was
considered a protocol deviation. ECG and vital signs were
collected within the 10 minute period before the nominal
time of blood collections. At screening, admission, dis-
charge, and follow-up, ECG and vital signs were checked
once per day. Vital signs were also checked once on the day
alter naloxone administration. (.‘linical laboratory measure-
ments were repeated after the last PK blood draw prior to
clinic discharge. Adverse events were assessed by sponta-
noous reports by subjects, by examination of the nasal
mucosa, by measuring vital Signs, ECG, and clinical labo-
ratory paramclers.

Results are shown below in Table 10. which sets forth the
mean from 28 healthy subjects (and SD, in parentheses)
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plasma concentrations of naloxone following single intra-
nasal administrations and an intramuscular injection, and in
FIGS. 3 and 4.

TABLE 10

48
1M naloxone treatments were performed. The 90% confi-
dence interval for the ratio (INa'lM) of the geometric least
squares means of AUC and CW” parameters were con-
 

Meat; results from 23 beam subjects.

One Spray - 1W0 Sprays - One Spray - We Sprays -
T101: 2 mg 4 mg 4 mg 8 1115
(min) 2% (war) IN 2°13 (w.’\-} [H 4% (wfv) IN 4% (4-111) [N 0.4 mg 1M 

mmc:
u) c. .75 (0.219) 0.725 (0.856) 0.280 (0.423) 0.8130 (1.21)

0.382 (0.750) 2.613 (2.65) 1.50 (1.76) 3.73 (4.02)
10 2.11 (1.33) 4.60 (2.59) 3.24 (2.21) 7.61 (5.28}
15 2.74 (1.07) 5.56 (2.20) 400 (2.24) 11.02 (3.60)
‘0 2.89 (1.141 5.32 (1.74) 4.57 (2.301 8.06 (2.56)

1.000 (01000) 01:00 (0.000) 0.000 (0.000) 0.000 (0.000) 01000 (0.030)
1 0.081 (0.135)

0.305 (0.336)
0.566 (0.310)
0.670 (0.312)
0.747 (0.271)

30 2.52 (0.010) 5.15 (1.70) 4.50 (1.93) 7.39 (1.95) 0.750 (0.190)
45 2.17 (0.636) 4.33 (1.16) 4.03 (1.57) 6.84 (1.150) 0.600 (0.171)
60 1.88 (0.574) 3.69 (0.88?) 3.35 (1.17) 5.815 (1.40) 0.610 (0.143)

120 0.023 (0.335) 1.63 (0.6215) 1.57 (0.773) 2.815 (0.027) 0.354 (0.107)
180 0.390 (0.146) 0.800 (0.253) 0.771 (0412‘) 142 (0.48?) 0.327 (0.032)
240 0.215 (0.100) 0.452 10.225) 0.412 (0.215) 0.791 (0.275) 0.135 (0.050)
500 0.117 (0.051) 0.243 (0.123) 0.2415 (0.143) 0.431 (0.166) 0.074 (0.047)
360 0.068 (0.030) 0.139 10.057) 0.146 (0.081) 0.257 (0.104) 0.040 (0.022)
430 0.031 (0.014) 0.0153 (0.033) 0.055 (0.033) (1.122 (0.052) 0.01.) (0.015)
720 0.009 (0.000) 0.027 (0.013) 0.0215 (0.019) 0.053 (0.025) 0.001 (0.003) 

For pharmacokinetic analysis. plasma was separated from
whole blood and stored fi'ozm at 2-20" C. until assayed.
Naloxonc plasma concentrations were determined by liquid
chomatography with tandem mass spectrometry. Conju-
gated naloxone plasma concentrations may also be deter-
mined. Non-compmnnental PK parmetets including Cm“,

1mm AUCmW, AUG“, I”. L, and apparent clearance
(CUP) were determined. Pharmacoldnetic parameters
(Cma, CW“, and AUCs) for IN naloxonc were compared 35
with those for 1M haloxonc. tm, was from the time of
administration (spraying into the nasal cavity or IM injec-
tion). Dose adjusted values for AUCs and Cm: were then
calculated, and the relative extent of intranasul absorption
(1N versus 1M} estimated fiom the close-corrected AUCS.
Within an ANOVA framework, comparisons of In-trans—
formed PK parameters (Cm, and AUC) for intranasal versus

30

25

structcd for comparison of each treatment with 1M naloxonc.
These 90% Cls were obtained by exponentiation of the 90%
confidence intervals for the diEerence between the least

squares means based upon an In scale.

Results are shown below in Table l 1, which sets forth the

mean plasma PK parameters from 28 healthy subjects (and
% CV, in parentheses} of naloxone following single intra-
nasal administrations and an intramuscular injection, and in
Table 12, which sets forth the same PK parameters split
between the 12 female and 16 n:ualeh1.~alth)r subjects. Results

40 from a replication study conducted according to substan—
tiall)r the same experimental protocols are shown in Table 1 1
below.

'l‘ABLE l l 

Mean plasma PK parametcnr from 28 11:111th subjects.

Parameter
(mics)

One Spray - 'l'wo Sprays - One Spray - Taro Sprays -
2 mg 4 m3 4 mg 8 mg
2% two) 131 2% (31:74») IN 407614710) IN 4%(w1v) 151 0.4 mg 151 

Cm (memo

Cm per mg
(ngIniLl
has, [111'
(median, range)
AUC, (113‘ mm) 4.81 (30.3) 9.82 (27.3)
AUCW
(n8 ' mUh)
AL'prer mg
(as ' milk)
Lambda 2 [hr—1}”
Half—life (111”AL'C 9’0
Extrapolatc
CUE (1:3)
RelaLivc EA [9(3)
vii. N

3.11 (36.3) 6.63 (34.2) 5.34 (44.1) 10.3 (38.8) 0.906
(31.5)

1.56 (36.3) 1.66 (34.2) 1.34 (44.1) 1.29 (38.8] 2.26 (31.5)

0.33 (0.25. 0.33 (0.03. 0.50 (0.17, 0.33 (0.17. 0.42 (0.03,
1.00} 0.50) 1.00} 1.001 2.00}

8.78 (37.4) 15.9 (23.6) 1.79 (23.51
4.36 (30.1) 9.91 (27.1) 15.37 (37.2) 15.1 (23.3) 1.03 (23.0)

2.43 (30.1) 2.411 (27.11 2.22 (37.2) 2.01 (23.3) 4.57 (23.0)

0.3605 0.2973 0.3102 0.3217 05534
I 70 2. 2.00 1.91 1.19
. "2 (41.9) 1.01 (53.9) 1.06 (52.5) 1.04 (73.1) 2.32 (54.1)

441 (24.5) 4215 (22.3) 502 (31.2) 521 (21.7) 230 (22.4)
53.0(222) 55.3(222) 40.2(306) 453(251) 100
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TABLE 12

Allen 1311141118 PK perms-3.1219121 lm—_—8b ' '-
One Two One Two

Parameter 2% [wlvl N 2% [wfvl IN 4% le'vl 1N 4% twlvl LN 0.4 mg 11"!

{units} Female Male Female Male Female Male Female Male Female Mel:

C”, (11311111) 2.79 3.35 6.62 6.64- 5.12 5.51 9.52 10.9 1.06 0.192
CM per mg 1.39 1.68 1.66 1.66 1.28 1.38 1.19 1.36 2.64 1.98
(1131’le
tm... lhl" 0.33 0.33 0.33 0.25 0.50 0.511 [1.29 0.42 0.33 0.50
.4ch 4.13 4.8? 9.81 9.82 T38 9.38 14.8 16.8 1.83 1.15
[mg ' mb'll]
AUCW 4.118 4.93 9.91 9.92 8.06 9.48 15.0 16.9 1.88 1.39
(133 ' mull]
AUCW. per mg 2.39 2.46 2.48 2.48 2.01 2.37 1.11? 2.12 4.69 4.4?
(He - mm]
Lambda 2 0.3928 0.3492 0.2796 0.3122 0.2946 0.3386 0.2994 0.340? 0.6140 0.5152
(hr—I1):
Half-life {h} " 1.55 [.80 2.13 2.03 2.12 1.93 1.90 [.9] 1.08 1.28ALT. 16 0.921 1.19 0.9116 1.02 0.9111 1.12 1.12 0.992 2.31 2.32
Extrapolatc
CUE (1.11:1) 449 434 419 431 55:1 462 558 494 222 336

In the tables above. the notation a indicates median
(range) is disclosed, and the notation b indicates harmonic
mean is disclosed.

TABLE 13

Geometric mean phmaoofinctlc parameters (CV ‘23) following intranssll
gm: or intrmnusoulxr ln'ectlon.

One Spay Tiff) Sprays Ofie Spray mo nprays One ljjefijen
Parameter 2% {WV} IN 2% [WW] [N 4% (wr'v) IN 4% {we'v} IN 0.4 1113 1M

12 [11111 0.382 [34.9) 0.310 [345) 0.334 [29.51 0.330 {32.4) 0.553 [25.9)
(1') 0:} 1.81 [34.9) 2.23 (34.5] 2.08 [29.5] 2.10 [32.4) 1.24 [25.9)
L", (1:? 0.3.1 0.3.3 0.50 0.3.3 0.38

(0.25. 1.001 (0.17. 0.5?) (0.171. 1.00) [0.17, 1.00) [0.08. 2.051
Cm (ng-‘mLJ 2.92 (34.31 6.20 [31.9) 4.83 [43.1) 9.110 136.01 0.8T." [30.5)
Cad-Dose 1.46 [34.3) 1.55 [31.9) 1.21 (43.1; 1.21 [36.01 2.19 (30.5}
{ngt’mLI'mg}
ABC... 4.51 [27.2) 9.32 (24.01 157 [37.4] 15.3 [23.01 1.72 [22.91
[h ' 11.9"le
ALICE/'1)»: 2.25 [23.21 2.33 [24.0) 1.97 [374; 1.91 [23.01 4.29 [22.91
(ll ‘ ny'ruUmg)
ALI-Co“, 4.56 [26.9) 9.43 [24.01 1.95 (32.31 15.5 [22.21 1.76 [22.6)
(h ' nymIJ
AUCM-“Doss 2.28 [26.9) 2.36 (24.0) 1.99 [33.31 1.93 (22.7] 4.40 [22.6)
(1: '1 “5.21-1qu
AUL‘ "x. 1.06 [56.5] 0.935 (60.! 1 0.965 [53.5] 0.963 [69.3) 2.18 (57.5)
extrapolated
CUE [1.1111 438 [26.9) 424 (24.0] 503 (37.3] 518 122.1) 22:r [22.6)
Relative 13.4 51.9 [21.7) 53.6 [22.51 46.? [31.4) 43.9 [23.8) 100
(Vol
(Immusr 66.6 [41.4] 70.? [37.71 56.6 [-11.51 55.3 [41.4) 100
Ratio {TN vs.
1M) ["41

'Wufi in pmllhtirs indicatemildmmand maximum. not CV 96.

ABS were coded using the MedDRA. v. 19 preferred terms 55 TABLE 14
and grouped bv system, organ. class (SOC) designation. .' . . '. . .. Events mlated 10 nasal ln'flmu.Sepzuate summanes w111 be prowdcxl for 1110 5 study pounds.
afier the administration of each dose of study.1 drug up until Tmajmem Erylhcma Edema Other Tom]

the tune of the nerd close of study: druglor chmc discharge. 60 2 mg (2% win mm mm 4 2 1 7
Lrstmgs of each ladlwdual AE Includtng start date, stop 4mg [2% 191v.- M, sprays) 1 0 0 1
date. severity, teletlonship. outcome, and duratton were 4 mg [4% wr'v, one spray} 1 2 0 3
provided. Results are given below in Tables 14 and 15, Table 3 “15‘4“ “1"“ ““3 sprays} ‘7 1 fl 1
14 shows the events related to nasal initation—erythcma,
edema, other, and total—observed in the nasally-tleated 65 Table 15 shows additional events related to administration
group. Nasal irritation did not appear to be positively related
to the dose ofnaloxone given.

either nasal]? or inn-amuscularly. Overall, few adverse
events were reported.
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TABLE 15

Naloxcrte 1'an adverse events. 

0.4 mg Lntmriiuscular Dose 

52
maceutical compositions l‘unher comprised water. bcuzalko-
uium chloride, and disodiuiu odetate. The vials were assayed
at 0, l, 3, 6, 9.311dior 12 months for italoxone content using
a high-pressure liquid chromatography method. Naloxone5

Dizzinefis 1 was analyzed at each stability station using a validated (asHeads: :2 t _ . . .
Nausea 1 per the International Conference on Harmonisation Guid-

2 mg [2% wr'v. one my)

Nasal Pain 1
R mg (4% whr, two arrays) 

[[endnnhe 1

Additionally. vital signs, ECG. and clinical laboratory
parameters did not reveal any clinically noteworthy changes
afier naloxonc administration. There was no evidence of

QTcF prolongation.

Example 3

Naloxone Nasal Spray Formulations and Stability

Naloxone has been lormulated as a disposable Luer-Jet
Luer-lock pre—tilled injuctable syringe. Although not
approved as a combined product, this formulation is some-
times combined with an nasal atomizer kit product. com-
prising l mgi‘ml naloxone hydrochloride as an active agent,
8.35 mglml NaCl as an isotonicity agent, HCt q.s. to target

 

_ _ ‘ TABLE 1‘?
pH, and purified water q.s. to 2.0 ml. Benzalkomum chloride

may be added as a prescrvalrveand supports the stability of 1% NM Natomnc may srab'tliry.a multt-dose product. Such syringes. while functional. can. _ . . 35

be diflicult to use by untrained personnel, and deliver a large Time {months}volume of solution.

Examples of a 10 nigme formulation are given below in Batch 0 3 15 9 12Table 16.

4” t 99.3 1011.1 1011.3 101.2 91.9

TABLE 16 2 99.5 102.5 99.4 911.6 N1)
in mmmlexon: lnusnaqal fomrulnrion.

Uigvedient Quantity per unit Function 45 \ .

Nalnxone hydrochloride 10 mg-‘ml Active ingredient IA‘BLE‘ 18Sodium chlon'dc TA mg-‘n'IJ Isotonicity agent
Hi'd-TUEh-lflflc acid ‘i-E- “3 “1'11“?” “Cidjll'j-“S 58-91“ 2% and 4% law) Naloxone storage stability.Benmlknniiim chloride 0.] mgu'ml Pitacn'ativm'kjnhancer
Purified water (1.3. Solvent

50 Temp. & Halo-iron:

Literature data has indicated that Haloxone is sensitive to Elam“ mm ________________Na|m°ncm" It? (”my % M W mom”
environmental factors. such as air. li t and colors in certain

_ ‘ ‘ , ' Eh _ humidity {114'th lnhiat 1 month 3 month 15 month 12 monthVials. which may induce a risk for degradation. Conse-
quently disodium edetate was added to the above l'ormula— 53 402 Q 3 1035 103 993 100.4
tion. 75% RH 4 105.17. 103.4 102 Ind?

Phannaceutical compositions comprising rialoxone 25'— r. 2 101.2 104.8 102A 101.0
hydrochloride (1, 2, or 4% wr’v. i.e., 10, 20, or 40 mgi'mL) titres RH 4 1UI.B 101.3 103.9 [01.9
were stored at 25° C. and 31% relative humidity or 40° C. 50
and ?5% relative humidity in upright clear glazes vials (200
11L) stoppered with a black plunger. The 2% and 4% (we'v)
compositions were also tested at 40° C. and ”35% relative
humidity. Vials of the 1% (wt'v) compositions were either
nude (Batch 1), or mounted in the Pfeifi'er BiDose device

(Batch 2). In addition to naloxone hydrochloride, the phar-

10

IS

30

65

ance Q2{Rl) {lCH Q2(Rl)) reverse phase high pressure
liquid chromatography (RP-HPLC) method and ultraviolet
(UV) detection. The cinematographic system used a
Cfi—phenyl chromatography column at a flow rate of {1.8
ulUmin and a column temperature ot'40" C. The injection
volume was 10 ,uL; the gradient NB 601'40 to 40160; the
mobile phase A 25 mM sodium phosphate at pH 6.8; the
mobile phase B: 100% acetoniu-ile. The ultra—violet detector
wavelength was 229 nm and the runtime was 20 min. The
assay data in Table 13 were generated over the course of
development. The 25° (745.50% RH experiments were con-
ducted with clinical batches and the 40° C..-'T"5% R_H experi-
ments used later manufactured registration or stability
batches. It is evident from the results of the study, reported
as a percentage of the label claim in Tables 1? and 18 below,
that these pharmaceutical compositions are storage-stable
for at least 9-12 months at 25" (T. and 60% relative humidity.

 

 

 

Examples with the 20 and 40 rngfrnL formulations are
given below in Table 19, along with an example ofpcrn'iittcd
variation as part of the total formulation. Subsequent modi-
fications were able to reduce the dose—to—dose variation

further still, even after six— to twelve-month storage ('l'able
20).
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TABLE 19 
Wave nth 11.510 “carom 31 111.

 

 

 

 

 
 

 

Communion

20 mgfml W1-

Quantity Quantity
per 1.1.1111 per unit

Quantity close Quantity dose Pmducl
Componum pcr m1 {100 1.11) per 1111 {100 1.1.1) Variation

511110110112 11121 22.0 mg 2.2 mg 44.0 mg 4.4 1113 900110.13
dihydnlc (20.0 mg) (2.0 mg) [40.0 1113} (4.010;)
{oorrespondmg ID
ualoxone HCl}
Benzalknuium 0.1 mg 0.01 mg 0.1 mg 0.01 rug 900-110.!)
chloride
Disodium edemc 2.0 mg 0.2 mg 2.0 mg 0.2 mg 800-1200
Sodium carotid: 7.4 mg 0.14 mg 7.4 mg 0.74 rug
Hydrochloric Adjust 1.0 Adjust 10 Adjust lo Adjust to pH 3.5-5.5
acid, 111010 pH 4.5 pH 4.5 pH 4.5 pH 4.5
Purifircl walcr qs. ad 1.0 m1 q.s. ad 100 .111 qx. ad 1.0 m1 q.s. ad 100 pl

TABLE 20

Six 111011111 naloxone aim-age stability.

9913310311.:
1. 11101101 3 month 6 monfll

1mm 1% TD) 1% TD] 1% TD) 0141 TD)

2% {WW} Slated upright 31 Uniform due: 1.} 102.0% 1) 99.9% I] 99.5% 1) 101.7%
25“ (L, 150% delivcry 21 96.7% 1} 103.7% 21 101.5% 2) 1001191:
remive humidily 3} 101.6% 3] 102.7% 3) 93.5% 3) 99.8%

4} 101.1% 41 101.7% 4] 100.0% 41 97.2%
5} 90.5% 5] 95.8% 5) 99.4% 51 100.5%
6} 101.0% 6) 98.6% 6) 96.6% 6] 95.8%
7} 100.6% 7] 911.9% 7) 102.5% 7] 98.3%
8) 101.4% 8} 98.7% 8) 97.11% B] 102.0%
9) 100.0% 9] 99.2% 9} 102.6% 91 969%

10,1 99.2% 10) 100.5% 10) 100.0% 10} 102.4%
Avg. 100.3% 100.1% 99.9% 99.7%
Mean pump 101.3111; 101.0 mg 100.8 mg 100.6 mg
dlflivcfi
3 all mean 1.180 1.230 1.522 15.16
ovality min6 cm mean 1.3113 1.3% 1.687 1.764
ovaJiry ratio
3 cm 511m)! 65.40 mm 55.04 1.1111 73.07 pm 69.13 pm
mean D5490)
3 cm spray 1.429 1.300 1.572 1.44?
mean span
3 cm spray 1.342% 1.932% [637% 0.269%
mean ‘96 <10 pm
6 Cm spray 62.01 um 65.601111: 66.95 urn 64.811111:
11mm DVGD}
15 Em Spray 1.103 1.087 1.210 1.155
mean span
6 cm spray 1.714% 1.799% 1.615% 1.634%
mean % <10 1.1111

2% (WW) Stoned. inverted :11 Avg. % TD 011311 100.3% 99.9% 95.3% 100.0%
25° C. 60% actualicms
relative humidity Mean pump 101.3 mg 100.8 mg 99.2 mg 100.9 mg

delivery
36.110120]: 1.130 1.210 1.214 1.159
cyallry ratio6 cmmean 1.353 1.421 1.351 1.442
ovalily ratio
3 cm 5pm}; 6.5.40 11111 69.60 pm 68.33 1.1m 70.05 pm
man va90]
3 0.111 spray 1.429 1.42.3 1.509 1.491
mm span
3 cm spray 1.342% 1.543% 1.637% 1.213%
mean ‘10 <10 pm
6 cm splay 62.01 pm 62.96 11111 65.5] 1.1111 69.02 10-11
mm D0190}
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TABLE 20-cor1tinued
56

 

Six month rialoxone storage stabiiity. 

 

 

 

 

 

Sample age

ticmspray 1.103 1.1.13 1.217 1.171
rncan span
6 cm spray 1.714% 1.023% 1.401% 1.152%
mm % <10 um

a month 12 month
1111031 (at. not (tin TD] (9:. mi

4% {Wt-W1 Stored upright at Unit-rum (Inn: 1) 100.2% 1 g 98.6% 1} 99.4%
25° 1;, 00% delivery 2 ,1 913% 2) 98.2% 2} 101.1%
relative humidity 31 96.1% 3) 93.1% 3} 103.3%

4] 99.4% a) 101.5% 4) 98.6%
5] 93.3% 5] 96.4% SJ 99.1%
6} 93.3% a] 915.0% a] 103.6%
71 100.2% 1] 91.7% 7) 102.714.
01 101.314. 8] 97.9% a) 100.3%
9; 99.91% 9] 97.3% 9) 101.5%

10) 99.1% to] 98.4% 10) 100.1%
Avg. 919.11% 93.21% 101 .5291,
Mean pump 100.2 mg 103.1 mg
delivery.1 cm mean [.511
ovality ratio6 Cll'l mes.“ 1.435
avidity ratio
3 cm spray 90.56 pm
mean Dv(90}
3 cm spray 1.630
mean span
3 miiaprny 1.133%men V0
16.1111 p.11:
6 cm spray 06.17 11m
rue-1m lbw“)
6 cm spray 1.13?
mean span
6 cm spray 1.825%
mean “fit
(:10 pm

The nalrrxonc hydrochloridc nasal spray above is an. 40 parameter of the spray pattern. A SPRAYVIEW. from
aqueous solution which may be presented in a Type I glass PROVERIS measurement systems, was used to measure
vial closed with a chlorobutyl rubber plunger which in turn spray pattern and plume geometry. Both the Sprayview and
is mounted into a unit-dose nasal spray device (such as an Spraytec systems have been validated. Data concerning
Aptar UDS liquid UnitDose device). The solution should he spray pattern are summarized in Tables 22 and 24. The
a clear and colorless or slightly yellow liquid. In certain 45 procedures of these tests comply with the testing contained
embodiments, the device is a non—pressurized dispenser In 1130 FDA’S 61115131100 for Indus”? (“Nasal Spray and
delivering a spray containing a metered dose of the active Inhalation 3011111011, Suspensuon, and Spray Drug PTDd-
ingredient. In certain embodiments, each defivfled close nus—Chemistry. Manufacturing, and Controls Documenta-
contajns 100 pL. tion,“ July 2002).

The droplet sire distribution (was investigated as a func- 50
tion of device age and storage according to established and TABLE 21

validated testing methods. A Malvern Spray Tec 2.0 with D I r . dist ”b 1' f 2 I m I d .. , . _ ‘ . s 1! ' 517.1: g V .
automated deuce dctuatlon was used tor determmmg Lhc m L n u m m" m “a 0mm l ma : 1“
droplet size distribution of Naloxone Nasal Spray. Spmytec Burch Storage Storage temp
laser difl'raction system allows measurement ofspray droplet 55 1’ orientation t" C) thm (m) ‘16 <10 Jim

stze dlstrthuhons in real-time. Droplet Size Illstrtbuttoni As 3 “m 5pm). 1 horizontal 25. 70.3? 1.215reported tmm the Malvern Sprdytw. the dlsn‘lhution 1s a 2 1-an 25:. T0135 1.21%
cumulative volume distribution characterized by the DVU U), 2 upright 25” 69.13 0.269
D1160). and Dv(90). %<10 tun. Data concerning droplet size 3 inverted 40" 55.14 1.628. . - , . "' '1

d1str1bunon are summarized 1.11 Tables 21 and 23. so 3 $23: :30 25': H}:
. The spray pattern is the shape ol'theiplumewhen looldng 5 cm Spray 1 hon-mm 25° 63:“ 1.64?downward on the nasal spray unit as the product IS cmitted 2 inverted 25“ 59.02 1.752

from the nasal spray unit. Spray pattern was also investi- i Platte]; if; 6-1-31 1-334
gated as a function of device age and storage. Ovality is the 3 if; w 23;: [1,311.3
ratio ofDmuJDmm, where D”, and DW, are the length of the 55 3 upright :15: 59:36 {3:777
longest and shortest line respectively in mm that passes
through the weighted center of mass drawn within the
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TABLE 22

fro 2 : 'nl al v'

Storage Storage temp
Batch 11' orientalion [‘ C.) Dvitlity ratio

1 cm sprav 2 inverted 25” 1.165
'9 inverted 40° 1.25?
3 upright 40" 1.3%
3 uprighl 40” 1.2?3
3 upriglu on" 1.30%
4 inverted 25" 1.054
4 upright 25" 1.168
4 upright 25° 1.204

6 cm spray 2 inverted 25“ 1.684
3 inVeited 40" I365
3 inverted 40" 1.041
3 upright 40" 1.33.
3 llpl'lght 40" 1.1814 invmrd 25' 1.304
4 upright 25" 1.36?
4 upright 25‘ 1.59

TABLE 23 

Droplet sine: distribution from 4 mg ualoxnrle intrannsel device.

 

 

Bench Storage Storage. temp
*3 orientation [2 C.) Tho-(901 (urn) 9h. <10 rim

3 cm splay 1 horizontal 25“ 70.8? 1.215'.; inverted 25" 73.85 0.524
.t upright 40‘ 76.74 I .032
3 inverted do" 7.1.86 1.46?

0 cm spray 1 horizontal 25“ 66.74 1.64?
2 inverted 25“ 614‘) 1.656
3 upright 40" 80.99 1.0313 inverted 4D" 69.94 1.699

TABLE 24 

Spray pattern from 4 as naloxonc intranml device.

 

 

Storage Storage temp
Batch It orientation (" C.) Ovnlity ratio

3 cm spray l upright 25“ I.511
2 upright 40* 1.55?3 inverted 25r 1.169
3 uprlgln 40' 1.2153 inverted 40° L4?)—

6 cm spray l upright 25“ 1.435
2 upright 40° 1.4283 inverted 35° 1.0T?
3 upright an" 1.164
3 inverted 40" 2.016

Pharmaceutical compositions comprising nnloxonc
hydrochloride (1% wlv) were tested for stability in room
temperatureilight conditions, room temperatureldark condi—
tions and in 25° C.i'(}0% RH (protected from light). It was
tested for pH, purity, and impurities at an initial time point,
2 months and 10 months. Results are given in Table 25.

TABLE 25 

Salmons: storage stabilign

 

Assay
Test. 1% of

Storage interval Iabrl Impurities
condition {mnmhsl Appearance pl—l claim] (area "41)

Initial Clear, cnlmlcss 11.5 1u1 Nu: detected
solution

.‘i
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TABLE Bil-continued

Na store embili .

Assay
'l'cst (ts. of

Storage interval label Impurities
condition (months) Appearance pH claim} [area 9b)

253 CJ 2 Not analyzed 4.5 Not Not analyzed
blind. Rll analyzed

10 Clear, colorless 4.3 95 0.2
solution

Room 10 Clear, yellow 4.4 92 1.3
tompcraturw’ solulion
light
Room 10 Clear, colorless 4.5 93' 0.3
leinpernlilre.J solution
dark

Example 4

Reliability of Use by Untrained Personnel

The intranasal delivery provides a quick, simple and
effective solution for those bystanders, friends or family
members that are in a position to give aid to an overdose
victim.

Qualitative Study which consisted of 3 consecutive and
iterative Human Factorsl'iabel Comprehension Pie-Tests.
was conducted over a 5-day period to assess the ability of
subjects to understand the labelling (Patient Insert and Quick
Start Guide (QSG)) and to demonstrate simulated use of n
naloxone nasal prototype device.

The purpose of this testing schedule was to learn and
adjust the labelling and materials iii an iterative and accel—
erated manner. The objectives of the study were:

To evaluate the subject‘s ability to correctly demonstrate
the steps for evaluating a patient tor the medication, admin-
istering the medication, monitoring the patient and, if appro-
priale, giving a second dose, as instmctod in the QSG
(Human Factors);

To evaluate the subject‘s ability to comprehend key
messages in the Patient Insert (Comprehension);

To assess the study flow and study tools (Self-Adminis-
tered Questionnaire and Observer Checklist).

To evaluate 2 different labelling versions for clarity.
Post the qualitative studies the device and label were

validated in quantitative studies
Two human factors validation studies were conducted in

a general population (GP) of individuals 12 years of age and
older. Formative research was completed in advance of the
validation work in order to optimize the labeling and help
inform the study design. The validation studies were con-
ducted in order to evaluate the ability of subjects to correctly
complete 2 critical tasks (insert nozzle into nostril and prose
plunger to release dose into nose) from the Quick Start
Guide (QSG).

Study 1: The first study evaluated two devices, with two
units contained in the kit to be administered 2-3 min—
utes apart.

Study 2: The second study evaluated a single device.
Additionally. comprehension of key elements of the

Patient Information (Pl) section of the Prescribing informa—
tion was also evaluated. The design for the Study 1 informed
the design of the Study 2: the primary endpoints and
protocols for the studies were very similar. The methods and
findings of these two studies are summarired in Table 26
below.
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TABLE 26

Rollah' i1 ofinimuasal one srlrniui ' 1m onnel

COMPARATIVE STUDY CRTFE‘RIA Studyl Shldy 2

Methodology Study PnpuLntion - Genera] Population. 12 years ofage and older I I
Study population included subgroups of low liberate subjects (-25%) and I /
adolescent suhjccls ages 12—1? (-45%).
None of the subjects were pruvjdod with any Hauling on how to use the I if
device.
Included ‘Study Arms': Both Arm 2 only

Arm 1 (Review Q86 inAdvance): Subjects were presented with the Arm 1 (II I 53]
Quick Start Guide to review prior to the demonstration [II = 32) it
Arm 2 (Do not review QSG inAdvanoe): Subjects were presented Arm 2
witha ‘worst case'simarioinwhich thcyhadto use and interprex [n - 3])
the lalnling at the time of an emergent situation. such as finding anindividual unconscious.

PrimaryI Objectives {Human Faclors} - correct I I
completion of the critical tasks:

Insert nozfle inla nomil (Task 2a)
Press plunger to release. dose illio nose {location -
Task 2b; Dose Released - Task 1c]

Success Threshold [lower bound nl‘the 95% exact confidence immal) 69% 13%
for combined critical task: completion
Secondary Objectives (Hunwi Factors): (a I

Check for response [Task 1a]
Call911t'l‘ask3aj
Move to Roonuery Position after administering dosc {Task 3b]

Primary Objectives (Comprehension): I J
Product Indication [prodllcl use) (QJ)
Product Indication (medical maniacal] [(2.2]
How NASA]. should be used {Q8}
Get emergency medical help afier using NASA]. (Q45)
Signs of opioid overdose ((2.?)
Potential withdrawal symptoms afier use ofNASAL [QM-J

Secondary Objectives (Comprehension): I I
Whether NASAL can he used for overdoses not caused by

opioids (Q3;
When a patient should talk to a hoathcare provider before use.5

Wholsqhuiild not: use die pmtluot ((2.91inclusion Criteria: I I
The following inclusion criteria applied to all participants:

1. The subject was male or female, of any race.
2. The subject was 11 years or age or older
3. The subjecl mun have been able to read, speak and understand

English aufl'loiently to understand the nature ofthe studyI
procedures.

4. At the study site, the subject min-t have agreed to follow the
specified instructions and procedures and. mud have voluntarily
signed the (IDA and die Informed Consenu'Asaenl Fem.
Lfthe subject was less than 15 years of age: a parent"gua.rdiaa must
have been present to sign the CnnsenflAsa-eot form and give
permission for adolescent to participate.Exclusion Criteria: I I
Tm following exclusion criteria applied to all participants:

1. The subject had ever been trained or employed as a healthcarc
professional (physician. must. nurse practitioner. physician
assistant, or pharmacist).
The subject or anyone in their household currently worked finra
marketing, marketing consulting. or marketing research company.
an advertising agency or public relations firm. a pharmaceutical
company. a pharmacy. a managed care or hcaldi innuano:
company as a healthcare professional. a healt'hcarc practice. or a
public health agency such as Health and Human Services or dieFDA.

3. The subject had, or could not. number if heishe had. participated
in an).I clinical trial. product label study or market research study in
the past twelve (12] months.

4. The subject normally won: corrective lenses, col-masts or glassesto read and did not have them with them.
5. The subject had any other impairment that mold prevent him'her

from being able to read on hisa'her own.

i"

Rosulls Primary Objectives (Human Factors): Yes - both Yes -Success Thrallwld met? arms above above
(Correct perihrmanoe of both critical tasks! 69% LB 13% L13

Insert nmzlc into nostril [Task 2a] threshold tltlcshold
Press plunger to release dose into nose

[Location - Task 2b; Dose Released - Task 26}
Secondary Objectives (Human Factors): if! /

Two oftbree objectives tested across both waves scored higher
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TABLE Eli-continued
62

ramp; ligy of intrannsal 11310391]: adm'jmtion by untrained petmnnel.
COM?AR.AT1'VE S'TLI'DY CRITERIA

than 70% 1'14:
Check for a Response (Task. la)
Immediately Call 911 (Task 3a]

mdyt Study 2

Move to Recovery Position [Task 31:) scored Iowcst across bod]
wavcs, particularly for subjccls who did not review the QSG priorto the demonstration

Primary Objectives (Comprehension):
4 objectives scored 90% PE or higher across both waves:

Q.1 - Product Indication [produu usc}
Q3 . 110w NASAL should be used

I .’

QJS . Necuisdry Lo get emcrgency medical help aflcr usingNASA}.
QJ - Signs ui'opioid overdose

2 objectives scored 77% PE or higher across both waves:
Qfl- - Potcntittl withdrawal symptoms after use of NASAL
Q2 - Product Indication (medical treatment)

Exploratory Objectives . {Comprehension}:
Scores wort Iciaiivcly consistent across study wavcs:

QJ - Whntlicr NASAL can be used For overdoses not cursed
by opioid;
(2.5 v when a patient should taLk to a healthoare
providcr before use
Q9 - Who should not use the product

Scores
ranged
from
mat-92%

Scorn:
ranged
fi'om
Wilda-93%

1 Alien includcd 2 additional specular-y lit-man Far-1m nbjcclives [Wait 2-3 mix-mu and anus :Eecfivuncss or lsl do“; Reladmtntsltcr using a
new unit (ifneedcdll: these were not awlicablc liar Study L
b StudyI 1 inclined no additional secondary human factors clap-flirts - Wait 1-3 minutes and assess cfioctivencsi of lst dost [Task 48]:
Rte-administer using a new unit (ifnccdcdl (Task 44:]. Subjccts who mmd the QSG prior to the demonstration scomd directionally higher thanwine-m who did not for the minus related to dim fibJeflwgs

CONCLUSION

Subjects demonstrated the ability to correctly perform
both critical tasks and performed better than the success
threshold in both studies (Study J—Anzn 1: 90.6% PE.
74.98% L13; Study l—ArmZ: 90.3% PE, 74.25% LB; Study
2: 90.6% PE, 79.34% LB], to use the device and deliver a
dose of the medication safely and efiectivcly without any
training and with no prior review of instructions. Subjects
did not demonstrate two secondary tasks as ably; only 59.4%
affirm 1 and 54.8% ofArrn 2 correctly administmcd the
dose within 2-3 minutes of the first dose, and 80.0% (Arm
1) and 70.0% (Arm 2) correctly administered a second dose.
Comprehension scam were also very high for the most
critical comprehension objectives [product indication (medi~
cal treatment), product indication (product use). get emer-
gency medical help afier using product, how product should
be used, sign of opioid overdose]. The results suggest that
this product can be safely used by a bystander population
with little or no training or advanced review of instructions.
OTHER EMBODIMENTS

The detailed description sot-forth above is provided to aid
those skilled in the art in practicing the prosent disclosure.
However, the disclosure described and claimed herein is not
to be limited in scope by the specific embodiments herein
disclosed because these embodiments are intended as illus—
tration of several aspects of the disclosure. Any equivalent
embodiments arc intended to be within the scope of this
disclosure. Indeed, various modifications of the disclosure in
addition to those shown and described herein will become

apparent to those skilled in the art from the foregoing
description, which do not depart from the spirit or scope of
the present inventive discovery. Such modifications are also
intended to fall within thc scope of the appended claims.

This application incorporates by reference the disclosures
oi'patcnt applications Ser. No. 617953379, filed Mar. 14,
2014; US. 143659.472, filed Mar. 16, 2015; PCTIIBZUIS)‘
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000941. filed Mar. 16, 2015; 1.1.5. 627022368, filed Jul. 9,
2014; U5. 143792403, filed Jul. 9, 2015; and 1’(._I'l'i'1._1515.lf
39720, filed Jul_ 9, 2015.

What is claimed is:

l. A method of treating opioid overdose, the method
compnstng:

delivering a 25-200 uL spray of a pharmaceutical solution
from a pro-primed device into a nostril of a patient,
wherein the device is adapted for nasal delivery, and
wherein the pharmaceutical solution comprises about 4
mg nnloxonc hydrochloridc or a hydrate that-not“,
between about 0.005% and about 0.015% (we‘v) of
bemlkonium chloride. and an isotoniciry agent.

2. The method of claim 1, wherein the pharmaceutical
solution comprises between about 0.2% and about 1.2%
(wiv) of the isotonicity agent.

3. The method of claim 2, wherein the pharmaceutical
solution filrthcr comprises between about 0.1% and about
0.5% (wrv) of a stabilizing agent and an amount of an acid
suflic-ient to achieve a p11 between about 3.5 and about 5.5.

4. The method of claim 3, wherein:
the isotonicity agent is sodium chloride",
the stabilizing agent is disodium edetate; and
the acid is hydrochloric acid.
5. The method of claim 4, wherein the pharmaceutical

solution comprisa:
about 4% (WV) naloxonc hydrochloride;
about 0.74% (wlv) sodium chloride;
aboul 0.01% (We'v) benzalkonitmt chloride; and
about 0.2% (wrv) disodium edetate.
6. The method of claim 5. wherein the device has a single

reservoir containing approximately 125 uL of the pharma—
ceutical solution.

’1'. The method of claim 6, wherein approximately 100 pL
of the pharmaceutical solution is delivered by one actuation
of the device.

8. The method of claim 7, wherein the device comprises
a reservoir, 3 piston, and a swirl chamber.
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9. The mahod oi'claim 6. further comprising strafing the
device for about twelve months or less at 25° C. and 60%
relative humidity prior to actuating the device, wherein the
device retains at least about 100% of initial Italoxone

hydrochloride content at actuation.
10. The method oi‘claim 1. wherein the patient experi-

ences a geometric mean naloxone Cm,r not less than about
3 ngi‘ml, following a single spray.

11. The method of claim 1|], wherein the patient experi—
ences a plasma naloxone concentration such that the geo-
metric mean of area under a plasma concentration versus
time curve (AUCMJ is not less than about 3 hr'ng/mL when
time is extrapolated to infinity.

12. A mist delivered from a pro-primed device, wherein
the mist comprises droplets, wherein the droplets comprise,
in aggregate, about 4 mg of nalottonc hydrochloride or a
hydrate thereof, between about 0.005% and about 1% (wiv)
of benzalkonium chloride, and an isotonicity agent, wherein
no more than about 1th ot'the droplets have a diameter less
titan 10 um.

13. The mist of claim 12. wherein the mist comprises the
isotonicity agent in a concentration between about 0.2% and
about [2% (we'v).

14. The mist otclaim 13, wherein the isolonicily agent issodium chloride.

15. The mist of claim 12, wherein the mist takes the shape
of a round plume with an ovality ratio less than 2.0.

16. The mist of claim I2, wherein the naloxone is at least
40% bioavailable.

17. lbs mist of claim 16, wherein the median droplet sire
is between about 30 um and about 100 um.

18. The mist of claim 17, wherein approximater 50% of
droplets have a diameter between about 30 um and about '10
um.

19. The mist of claim ls, wherein approximately 90% of
droplets have a diameter less than about IUD um.

20. The mist of claim 19, wherein no more than approxi-
mately 2% of droplets have a diameter less than about 10
turn.

21. The mist of claim 12, wherein the mist stands adjacent
to an aperture in a single-dose spra}r device or a bi—dosc
spray.r device.

22. A method of treating narcotic—induced respiratory
depression, the method comprising:

delivering a 25,200 ill. spray ofa pharmaceutical solution
from a pro-primed device into a nostril of a patient in
need thereofin a manner that delivers the pharmaceu-
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tical solution in a round spray plume with an ovaiity
ratio less than about 2.0 when measured at 3 cm,
wherein the device is adapted for nasal delivery, and
wherein the sprayr comprises about 4 mg naloxone
hydrochloride or a hydrate thereof. between about
0.005% and about 0.015% {Vt-1y) rel" bcnzajkonium
chloride, and an isotonicity agent wherein the patient
experiences a geometric mean naloxonc CM, not less
than about 3 nglml, following a Single spray.

23. The method of claim 22, wherein the pharmaceutical
solution comprises between about 0.2% and about 1.2%
(wiv) of the isotonicity agent.

24. The method of claim 23, wherein the pharmaceutical
solution further comprises between about 0.1% and about
0.5% (wfvl of a stabilizing agent.

25. 'lhe method of claim 24, wherein the pharmaceutical
solution further comprises an amount of an acid sufiicieltt to
achieve a pI—l between about 3.5 and about 5.5.

26. The method of claim 25, wherein:
the isotonicity agent is sodium chloride;
the stabilizing agent is disodium edetate; and
the acid is hydrochloric acid.
21'. The method ofclaim 26, wherein the acid is hydro-

chloric acid and wherein the pharmaceutical solution com-
prises;

about 4% (wlv) naloxonc hydrochloride;
about 0.74% (wiv) sodium chloride as the isolonicity

agent;
about 0.0]% (MW) benzalkonittm chloride; and
about 0.2% (wtv) discdium edemte as the stabilizing

agent.
28. The method ol'ciaim 22. wherein the plasma concen-

tration versus time curve ofnaloxone in the patient has a In,“of less than 30 minutes.

29. The method of claim 22. wherein the ovality ratio is
less than about 15an measured at 3 cm.

30. The method of claim 22, wherein the device comprises
a plunger that houses a container closure comprising

a vial comprising an opening,
a cannula, and
a rubber stopper,
wherein the stopper is configured to occlude the opening

of the vial, and
wherein the cannula is configured such that the cannula

can pierce the stopper when the plunger applies stifli-
cient force to the carutula.

¥ ¥ 1 {i It
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UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO, -. 9,561,177 B2 Page 1 of 1APPLICATION NO. : 151’ 133441

DATED : February 7, 201-;

INVENTOMS) : Keegan et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification

Column 5, Line 23, replace “Ms” with -JL is—-

Column 6, Line 26, replace “(-)-17-allyl-4,5a-epoxy-3,” with --(-)-l I-allyl-4,5u-epoxy-3,--

Column 25, Line 57, replace “p-toluenesulfonic” with --p-toluenesulfonic--

Column 38, Line 7, replace “p-opioid” with --p-opioid--

Column 47, Line 35, replace “Cmax,” with --tmax,—

In the Claims

Column 63, Claim 9, Line I, replace “claim 6,” with --c1aim 4,--

Column 64. Claim 22, Line 6, replace “(wryl ref benzaikonimn” with “(who of benzalkonium--

Column 64, Claim 22, Line 9, replace “3 ngfml,” with --3 ngme--

Column 64, Claim 29, Line 36, replace “1.5when" with --l .5 when—~

Signed and Sealed this

Fourth Day of April, 201?

WMXKéL.
Michelle K. Lee

Director of the United States Patent and Trademark 03h?
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