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NASAL DRUG PRODUCTS AND METHODS
OF THEIR USE

CROSS-REI-‘ERENCE 'I‘O RELATEI)
APPLICATIONS

This application is a continuation of Ser. No. 15M] 5,221,
filed on 25 Jan. 2011'. which is a continuation of Ser. No.
15083341, filed on Jun. 15, 2016, now US. Pat. No.
9,561,172, which is a continuation—in-part application of Ser.
No. 14850302, filed on Nov. 24, 2015, now U.S. Pat. No.
9,468,741, which is a continuation of Ser. No. 14l942,344,
filed on Nov. 16, 2015, now US. Pat. No. 9,480,644, which
is a continuation—in-part application of Ser. No. 14l659,4'r’2,
filed on Mar. 16, 2015, now U.S. Pat. No. 9.211.253, which
claims benefit of Ser. No. 61l953,379, filed on Mar. 14,
2014. This application also claims benefit of Ser. No.
621219.955, filed on 1? Sep. 2015 and Ser. No. 62l2?4,536,
filed on 4 Jan. 2016. The entire disclosures of the applica—
tions identified in this paragraph are incorporated herein byreference-s.

JOINT RESEARCH AGREEMENT

The subject matter disclosed and claimed herein was
developed by or on behalf of LightLake Therapeutics Inc.
and Adapt Pharma 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.

FIELD

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 medicaldevices.

BACKGROUND

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

Opioid receptors are G protein-coupled receptors (GP-
CR5) 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 b—cpioid receptor, the tit-opioid receptor, and the
p-opioid receptor. Opioids depress respiration, which is
controlled principally through medullary respiratory centers
with peripheral input from chemoreccptors and other
sources, Opioids produce inhibition at the chemoreceptors
via u-opioid receptors and in the medulla via p- and d-opioid
receptors. While there are a number of neurotransmitters
mediating the control of respiration, glutamate and y-amin—
ohutyric acid (GABA) are the major excitatory and inhibi-
tory neurotransmitters, respectively. Oxycodone and other
opioid painkillers, as well as heroin and methadone are all
implicated in fatal overdose.

In the United States, mortality rates closely correlate with
opioid sales. In 2014, there were 4105 drug overdose
deaths in the United States, representing a 6.5% increase
from 2013 as reported by Rudd et al. (20163 Morbidity &
Mortality Weekly Report 64(50):]373-82 {starting at page
10} “Increases in Dmg and Opioid Overdose Deaths —
United States, 2000-2014." Over 23,000 of those were
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2

overdoses of herein or prescription opioids, which repre-
sents nearly a four—fold increase since l999. Drugs classed
as prescription opioids include both typical analgesics, such
as OxyContin® (oxycodone lIC] controlled-release) and
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 mainly by overdoses of prescription analgesics.

Naloxone is an opioid receptor antagonist that is approved
for use by injection for the reversal of opioid overdose and
for adjunct 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 efl‘orts 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. 4,464,328 to Hussein reports a method for
eliciting an analgesic or narcotic antagonist response in a
wann-blooded animal, which comprises administering intra-
nasalIy UN") to said animal to elicit a narcotic antagonist
rcSponse, a narcotic antagonist efl‘ective amount of nalox—one.

WO 82f03't‘68 to Hussein reports a composition that
contains 1 mg of naloxone hydrochloride per 0.] m] of
solution adapted for nasal administration used in the treat—
ment of narcotic induced respiratory depression (overdose)
at a dosage approximately the same as that employed for
intravenous (IV), intramuscular (IM) or subcutaneous (SQ)administration.

W0 03(6275? to Davies reports pharmaceutical compo-
sitions for [N or oral (P0) administration which comprise an
opioid antagonist, such as naloxone for application by spray
in the reversal ofopioid depression for treatment of patients
suflcring from 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 ofnasa] naloxone is not without controversy. For
instance, Bowling et a1. (Ther Drug Monit. Vol 30, No 4.
August 2008) reported that naloxone administered intrana-

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 naloxone formu-
lations for intranasal administration, Wysc reports (column
2?, lines 29-3?) that benzalkonium chloride is not suitable in

such formulations, because it facilitates unacceptable deg-
radation of the naloxone. Wyse recommends (lines 4143)
benzyl alcohol and paraben preservatives in place of hen-zalkonium chloride.

Thus, there remains a need for durable, easy-to—use,
noedleleSS 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 eflective
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 becomes available.

SIJMIMARY

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

This diseiosure provides an improved single-use. pre-
primed device adapted for nasal delivery of a pharmaceuti-

Copy provided by USPTO from the PIRS Image Database on 10-23—201 3
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cal solution to a patient comprising: at least about 4% (wiv)
naloxonc hydrochloride or a hydrate thereof, wherein the
improvement comprises that the device is adapted to spray
a round plume with an ovality ratio less than about 2, for
example less than about 1.5.

In another embodiment, there is provided a mist compris-
ing droplets ofau at least 4% (wr’v) naloxone hydrochloride
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. pro-primed device adapted for nasal delivery of
a pharmaceutical solution to a patient comprising: at least
about 4% (wt'v) naloxouc hydrochloride or a hydrate thereof;
and between about 0.2% and about 1.2% (wr'v) of an
isotonicity agent, wherein the improvement comprises that
the device is adapted to Spray a round plume with an ovalityratio less than about 2.0.

In yet another embodiment, there is provided an improved
single—use. pro—primed device adapted for nasal delivery of
a pharmaceutical solution to a patient comprising: at least
about 4% (wtv) naloxone hydrochloride or a hydrate thereof;
and between about 0.005% and about 0.015% (wiv) of a
preservative, wherein the improvement comprises that the
device is adapted to spray a round plume with an ovalityratio less than about 2.0.

BRJEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the mean (:SD) naloxone plasma concen-
tration following administration of 0.4 mg intramuscular
(1M), 2 mg intranasal (IN). and 4 mg IN in 14 humansubjects.

FIG. 2 shows the mean (:SD) naloxone plasma concen-
tration with logarithmic transformation following adminis-
tration of 0.4 mg intramuscular (1M), 2 mg intramural (IN)1
and 4 mg IN in i4 human subjects.

FIGS. 3A and 3B show the mean naloxone plasma con-
centration following single inlranasal administrations (FIG.
3A) and intramuscular injections (FIG. 3B) of naioxone to
healthy subjects (N=28) over a twelve-hour period.

FIGS. 4A and 4B show the mean naioxone plasma con-
centration following single intranasal administrations (FIG.
4A) and intramuscular injections (FIG. 4].!) of naloitone to
healthy subjects (N=28) over a four—hour period.

FIGS. 5A and SB show the mean naloxone plasma con-
centration following intramuseular injection of 0.4 mg
naloxone (FIG. 5A, top) and one spray of 20 mg/mL (i.e..
2% wiv) naloxone (FIG. 5B, bottom) to healthy male
(N—clo) and female (N=]2) subjects over a twelve—hour
period.

FIGS. 6A and 6B show the mean naloxone plasma con-
centration following two sprays of 20 mglrnL- (i.e., 2% wtv.
FIG. 6A, top] and one spray ol‘40 mgtmL (i.e., 4% wlv, FIG.
SB, bottom) to healthy male (N=]6) and female (N=l2)
subjects over a twelve-hour period.

FIG. 1' shows the mean naloxone plasma concentration
following two sprays of40 mgl’mL (i.e., 4% wtv) to healthy
male (N=16] and female (N= 1 2) subjects over a Melve—liour
period.

DETAILED DESCRJI’IION

Dcfi nition

For clarity and consistency, the following definitions will
be used throughout this patent document.
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The term "active ingredient" or “pharmaceutically active
compound" is defined in the content of a “pharmaceutical
composition“ and is intended to mean a component of a
pharmaceutical composition that provides the primary phar-
macological efl'ect, as Opposed to an “inactive ingredient"
which would generally be unopposed as providing no phar-maceutical benefit.

The term “actuation," as used herein. refers to operation
of the device such that the pharmaceutical composition isdelivered 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 responsc chruactcristic 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 partial agonist. The term “inverse
agoni st” refers to a moiety that binds to the endogenous form
of the receptor or to the constitutively activated form of the
receptor and which inhibits the baseline intracellular
response initiated by the active form of the receptor below
the nonnal 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 phannaccutically acceptable excipient with anti-
microbial properties which is added to a pharmaceutical
composition to maintain microbiological stability.

The term “AUG,“ as used herein, refers to the area under
the drug plasma concentration—time curve. The term
“AUCMI as used herein, refers to the area under the drug
plasma concentration-time curve tiom r- 0 to the last mea-
surable concentration. The term "AUC¢,_,,,” as used herein.
refers to the area under the drug plastna concentration—time
curve extrapolated to as. The term “AUCD_,_.,,.“ as used
herein, refers to the AUCM normalized to 0.4 mg IM
naloxone. The term "AIJC0_,,,,D," as used herein, refers to the
AUCUM normalized to 0.4 mg IM naloxone

The term "bioavailability (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 IV
bioavailability. It may be calculated using the followingformula:

_ A. UCwmnm, Dmttme MM
A Urdu-mm. Doseunemm

The term relative bionvailahility (Fm!) is used to compare
two diflerent extravascular routes ofdr'ug administration arid
it may be calculated using the following formula:

DORmmnm-mrr_ dUCmmmmwr
I: C Stmmml'flb'l— AUCmmva-ur-rv‘:

rel

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 ofplasma from which drug
is completely removed per unit of time. CL is equal to the
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elimination rate constant (A) multiplied by the volume of
distribution (Vd), whcrein "Va" is the fluid voltune that
would be required to contain the amount of drug present in
the body at the same concentration as in the plasma. 'lhe
term “apparent clearance (CUP)? as used herein, refers to
clearance that does not take into account the bioavailabilily
of the drug. It is the ratio of the dose over the AUC.

The term “CW3,“ as used herein, refers to the maximum
observed plasma concentration. The term “CmmD.” as used
herein. refers to Cm, normalized to 0.4 mg 1M nalortonc.

The term “coefficient of variation (CV)," as used herein.
refers to the ratio of the sample standard deviation to the
sample mean. It is ofien 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 between a determination 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 0.)," as used herein,
refers to the l'raclicml rate of drug removal from the body.
This rate is constant in first-orderkinetics and is independent
of drug concentration in the body. it is the slope of the
plasma concentration-time line (on a logarithmic 1 scale).
The term “AR," as used herein, refers to the terminal phase
elimination rate constant. 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 caiied the “elimination phase“ because the
primary mechanism for decreasing drug concentration dur—
ing 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 fiom 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 phari
maceuticaliy acceptable salts thereof that is equimolar to a
specified weight oi'nalortone hydrochloride. For example. 8
mg of anhydrous naloxone hydrochloride (molecular
weight, 363.34) is equivalent to about 12 mg of naloxone
freebase (molecular weight, 3273?), and to about 8.3 mg of
naloxone hydrochloride dihydrate (molecular weight399.8?)

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

The term "hydrate,” as used herein. refers to an opioid
antagonist described herein or a salt thereof that firrther
includes a stoichiometrie or non-stoicbiometric 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 (eg.
physician, nurse, nurse practitioner) that a patient willbenefit from treatment.

As used herein, two embodiments are "mutually exclu-
sive" when one is defined to be something which is different
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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
of naloxonc hydrochloride is specified to be 2 mg. However.
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 nasopharynx or externally.

The term “naioxone,” as used herein, refers to a com—
pound of the following structure:

 
or a pharmaceutically acceptable salt. hydrate. or solvate
thereof. The CA5 registry number for naloxone is 465-65—6.
Other names for naloxone include: IT—alIyl-4,5a—epoxy-3,
l4—dihydroxymorphinan-6—one; (-)-1?—allyl-4,Srt—epoxy-3,
l4~dihydroxymorphjnan~fr—one; 4.5a-epoxy—3, 1 4-dihy-
droxy-l 'r'—(2-propenyl)morphinan-6—one; and (—)— ] 2~allyl-7.
'la,8.9-tetrahydro-3,Ta—dihydroxy—4aH—8,9e-
iminoethanophenanthrol4.5—bcd] firran-S(6H)—one.
Naloxonc hydrochloride may be anhydrous (CA8 Reg. No.
3537-03-4) and also forms a dihydmte (CAS No. 51481-60—
8). It has been sold under various brand names including
Narcan®, Nalone®, Nalossonetfi), Naloxona®, Nalorro—
num®, Narcanti®, and Narcontfit.

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

The term “opioid antagonist“ includes, in addition to
naioxone and phannaceutjeally acceptable salts thereof:
naltrexone, methylnaltrexone. and nalmcfene, and pharma—
ceutically acceptable salts thereof. In some embodiments.
the opioid antagonist is naloxonc hydrochloride. In some
embodiments, the opioid antagonist is nalorrone hydrochlo-
ride dihydrate. In some embodiments, the opioid antagonist
is naltrexone hydrochloride. in some embodiments, the
opioid antagonist is methylnaltrexone bromide. In some
embodiments. the opioid antagonist is nahnefene hydrochlo-
ride. In some embodiments. the nasally administering is
accomplished using a device described herein.

The term “opioid overdose,“ as used herein, refers to an
acute medical condition induced by excessive use ofone 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 and-"or loss of con-
sciousness (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 chokingfgurgling sounds; blue or purple finger-
nails cr lips; pale auditor clamrny face; slack or limp muscle
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tone; contracted pupils', and vomiting. Because opioid over-
dose may be difficult to diagnose andfor quantify, particu-
larly by a lay person, as used herein, treatment of opioid
overdose is meant to include treatment of suspected opioid
overdose in opioid—intoxicated patients. Opioids that may
induce overdose include, codeine, morphine, methadone,
fentany], oxycodone HCl, hydrocodone bitartrate, hydro-
morphone, oxymorphone, mepcridine, propoxyphene.
Opium, heroin, tramadol, tapentadol, and certain narcotic-
antngonist analgesics, such as, nalbupbine, pentazocine and
butorphanol. in some embodiments, the opioid agonist is in

some embomrnents, the
opioid agonist is in a tamper-resistant formulation. In some
embodiments, the opioid agonist is selected from Acumrt®
Oxycodone DliTERx®, Oxycontin®, Egalet hydrocodone,
Egalet morphine, Egalet oxycodone, Exalgo®, OpanaGD,
Opana® ER, Vicodintttt, PercocetLE and Remoxy®.

The term "patient,“ as used herein, refers to any subject
(preferably human) afllicted with a condition likely to ben-
efit front a treatment with a therapeutically efi‘ectivc 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, solvates and
hydrates of the opioid antagonists described herein, whereby
the composition is amenable to use for a specified, eflica-
cious outcome in a mammal (for example, without limita-
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 in 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 occupancy" refers to a
characterization of the kinetics between a radioactive drug
and receptors or other binding sites throughout the body, and
characterization of the radioactive drug binding affinity to
these receptors.

The term ”recovery position," as used herein, means a
position of the human body in which a patient lies on hist’her
side. with a leg or knee out in front (e.g., to prevent rolling
onto lristher stomach) and at least one hand supporting the
head (e.g., to elevate the face to facilitate breathing and
prevent inhalation of vomit).

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

The term “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 sealing product contain-
ers under high-quality environmental conditions. In an asep-
tic process, the drug 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 in which at least about 95%—
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for example at least about 99.5%—of the active ingredient
remains in an undegraded state after storage of the pharrna~
eeutical composition at specified temperature and humidity
fora specified time, forexarnple, for 12 months at 25° C. and
610% 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 half of a drug to be eliminated
from the body or the time required for a drug concentration
to decline by half.

The term “tonici'ty 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, hydroxycthyl starch, glycineand 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-sentation.

The term "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 than 1% wlw 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 “imp" as used herein, refers to the time from
administration of the pharmaceutical compositions
described herein to maximum drug plasma concentration.

The term “untrained individual" refers 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 (BEND) program.

Where definitions conflict as between the present text and
texts incorporated by reference, the definitions of the presenttext 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 iii the scientific and patent literature.
Pure opioid antagonists, such as naloxone, are agents which
specifically reverse the effects ofopioid agonists but have no
opioid agonist activity.

Naloxorte is cormncrcizrlly available as a hydrochloride
salt. Nalortone hydrochloride (lT-allyl—4,5a-eporry~3,l4-di—
hydroxymorphinan-fi-one hydrochloride), a narcotic antago-
nist, is a synthetic congeoer of oxymorphone. In structure it
difi'ers from ortymorphune in that the methyl group on the
nitrogen atom is replaced by an ally] group. Nalorrone
hydrochloride is an essentially pure narcotic antagonist, i.e..
it does not possess the "agonistic" or morphmedikc prop—
erties characteristic of other narcotic antagonists; naloxone
does not produce respiratory depression, psychotomimetic
effects or pupillary constriction. In the absence of narcotics
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or agonistic efiects of other narcotic antagonists it exhibits
essentially no phannacologic activity. Naloxonc has not
been shown to produce tolerance or to cause physical or
psychological dependence. In the presence of physical
dependence on narcotics naloitone will produce withdrawal
symptoms.

While the mechanism oi" action of ualoxone is not fully
understood the preponderance of evidence suggests that
naloxone antagonizes the opioid eEects by competing for the
same receptor sites. When naloxonc 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 subcutaneously or intra-
muscularly. The duration of action is dependent upon the
dose and route of administration ofnaloxone hydrochloride.
Intramuscular administration produces a more prolonged
efl‘ect than intravenous administration. The requirement for
repeat doses of naloxone. 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 llte
body. It is metabolized in the liver, primarily by glucuronide
conjugation, and excreted in urine. In one study the serum
half-life in adults ranged from 30 to 8] minutes [mean
64:12 minutes). In a neonatal study the mean plasma
half-life was observed to be 3.1105 hours.

Provided are devices adapted for nasal delivery of a
pharmaceutical composition to a patient, comprising a theta-
peutically effective amount of an opioid antagonist selected
from naloxone and phannaceutically acceptable salts
thereof. wherein the device is pre-prirned, and wherein the
therapeutically efl‘ective 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 efiec-
tive amount of an opioid antagonist selected from naloxone
and pharmaceutically acceptable salts thereof, wherein the
device is lire-primed. and wherein the therapeutically etfec-
Live amount. is equivalent to about 2 mg to about 12 mg of
naloxone hydrochloride. In some embodiments, the thera-
peutically cfl'ective amount is equivalent to about 2 mg to
about 24 mg of naloxone hydrochloride, in some embodi-
ments, the therapeutically eflective amount is equivalent to
about 2 mg to about 12 mg of naloxonc hydrochloride. In
some embodiments. the therapeutically cliective amount is
equivalent to about 3 mg to about 18 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
cfi'ective amount is equivalent to about 4 mg to about 10 mg
ot‘naloxone hydrochloride. In some embodiments, the thera-
peutically efl'ective amount is equivalent to about 5 mg to
about 11 mg of naloxone hydrochloride. In some embodi-
ments, the therapeutically efl'ective amount is equivalent to
about 6 mg to about It) mg of naloxone hydrochloride. in
some embodiments, the therapeutically effective amount is
equivalent to about 4 mg to about 8 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
efl'cctive amount is equivalent to about ? mg to about 9 mg
ofnaloxone hydroehloridc. In some embodiments. the thora-
peutically elfectivc amount is equivalent to about 3.4 mg of
naloxone hydrochloride. in some embodiments. the thera—
peutically effective amount is equivalent to about 4 mg of
naloxone hydrochloride. In some embodiments. the theta-
peutically effective amount is equivalent to about 5 mg of
naloxone hydrochloride. In some embodiments, the thera-
peutically edcctive amount is equivalent to about 6 mg of
naloxonc hydrochloride. In some embodiments, the thera-
peutically effective amount is equivalent to about ? mg of
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naloxone hydrochloride. In some embodiments. the thera-
peutically cifective amount is equivalent to about 8 mg of
naloxone hydrochloride. In some embodiments, the thera-
peutically elfective amount is equivalent to about 9 mg of
naloxone hydrochloride. in some embodiments= the theta-
peutically effective amount is equivalent to about 10 mg of
naloxone hydrochloride. In some embodiments. the thera—
peutically efiective amount is equivalent to about 11 mg of
naloxone hydrochloride. In some embodiments, the thera-
peutically eliective amount is equivalent to about 12 mg of
naloxone hydrochloride. In some embodiments, the opioid
antagonist is the only pharmaceutically active compound in
phannaccutical composition. In some embodiments, the
opioid antagonist is naloxone hydrochloride. in some
embodiments. the opioid antagonist is anhydrous naioxonc
hydrochloride. In some embodiments, the opioid antagonist
is naloxonc hydrochloride diltydrate.

While many of the embodiments of the pharmaceutical
compositions described herein will be 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 h-Opioid receptor antagonists. Examples of
useihl opioid receptor antagonists include naloxorte, naltrex—
one. methylnallrexonc, and nalmefene. Other usefirl opioid
receptor antagonists are known (see. e_g., Kreek et al., US.
Pat. No. 4381136).

Also provided are devices adapted for nasal delivery of a
pharmaceutical composition to a patient, comprising a theta-
peutically efl‘ective amount ofan Opioid antagonist, wherein
the device is lire-primed. arid wherein the therapeutically
efl'ective amount is about 4 mg to about 12 mg. In some
embodiments. the therapeutically effective amount is
equivalent to about 3.4 mg of nalottone hydrochloride. In
some embodiments. the therapeutically effective amount is
equivalent to about 4 mg of naloxone hydrochloride. In
some embodiments, the opioid antagonist is selected from
naltrexone, methylnaltrexone, and nalmefene, and pharma-
ceutically acceptable salts thereof. in some embodiments,
the opioid antagonist is naltrexone hydrochloride. In some
embodiments, the opioid antagonist is methylnaltrexone
bromide. In some embodiments, the opioid antagonist is
naimefene hydrochloride. In some embodiments, the opioid
antagonist is the only phannaceutically 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 forneedle-free. systemic
drug delivery, especially when rapid absorption and effect
are desired. In addition, nasal delivery may help address
issues related to poor bioavailability. slow absorption, drug
degradation, and adverse events (AE5) 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 (EMS) programs have
developed a system using existing technologies of an
approved drug and an existing medical device to administer
naloxone inlranasally, albeit in a non-FDA approved man-
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her. This has been accomplished by using the injeetable
formulation (1 mglml.) and administering 1 mL per nostril
via a marketed nasal atomizen'nehulizer 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 {MADTM
Nasal, Wolfe 'l‘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 iu reversing nareosis,
the formulation is not concentrated for retention in the nasal
cavity. The human nasal cavity has a volume of ~200-250
14L. The 1 in]. delivery volume per nostril is larger than that
genemlly utilized for intranasal drug administration. There-
fore. there is loss ofdrug from the nasal cavity. due either to
drainage into the nasopbarynx 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 pL) 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 efl'ects of
preservatives. pump manufacturers have developed difi‘erenl
spray systems that avoid the need for preservatives. These
systems use a collapsible bag, a movable piston, or a
compressed gas to compensate for the emitted liquid volume
(umtaplarcom and wow.rexam.—oom). The solutions with
a collapsible bag and a movable piston compensating for the
emitted liquid volume ofl‘er 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 (wwaptarcom). More recently. pumps
have been designed with side-actuation and introduced for
delivery of fluticasone furoate 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-priming, and pumps incorporating pressure point features
to improve the dose reproducibility and dose counters and
lock-out mechanisms for enhanced close control and safety
are available [www.rexamcom and wrwaptancom).

Metered~dose Spray pumps require priming and some
degree of overfill to maintain dose conformity for tltc
labeled number of doses. They are well suited for dmgs to
be administered daily over a prolonged duration, but due to
the priming procedure and limited control of 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 tight control of the dose
and formulation is of particular importance. single-dose or
bi-dose spray devices are preferred (nwwaptancorn). A
simple variant of a single—dose spray device (MAD'I'M) is
ofl'ered by LMA (LMA, Salt Lake City, Utah, USA; www.1—
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manacom). A nosepiece with a spray tip is tilted to a
standard syringe. The liquid drug to be delivered is first
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
(Accuspraym. Becton Dickinson Technologies, Research
Triangle Park, NC, USA; wwwbdpharmacom) is used to
deliver the influenza vaccine FluMist (wwwtlumistcom),
approved for both adults and children in the US market. A
similar device for two doses was marketed by a Swiss
company for delivery tifanother influenza vaccine a decade
ago. The single— and bi-dose devices mentioned above

consist of a reservoir, :1 piston, and a swirl chamber (see,
e.g., the UDS Unleose and EDS Bil)ose devices from
.fitptar= formerly Pt'eifi'er). The Spray is formed when the
liquid is forced out though the swirl chamber. These 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. Cun-ently,
marketed nasal migraine drugs like lmjtreit (wvvwgskcom)
and Zomig (wwwazcom; Pfeifl'era’Aptar sin3] e—dose device)
and the marketed influenra vaccine Flu—Mist (wwfiumist-
.corn; Becton Dickinson single-dose spray device) are deliv—
ered with this type of device.

With sterile filling, the use of preservatives is not
required, but overfill is required resulting in a waste fraction
similar to the metered—dime, Inulti-dose sprays. To emit 100
uL. a volume of 125 pL is filled in the device (Pfeiflen’Aplar
singlodose device) used for the intranasal migraine medi-
cations Imitrex (sumatriplan) and Zornig (7olmitriptan) and
about half of that for a bi-dose design. Sterile drug products
may be produced using aseptic processing or terminal ster—
ilization. Terminal sterilization usually involves filling and
sealing product containers wider high-quality envirorurtenta]
conditions. Products are filled and sealed in this type of
environment to minimize the microbial and particulate coli-
tent of the in—process product and to help ensure that the
subsequent sterilization process is successfiil. In most cases,
the product container, and closure have low bioburden. but
they are not sterile. The product in its final container is then
subjected to a sterilisation 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 filled and sealed in an extremely
high-quality environment. Aseptic processing involves more
variables than terminal sterilization, 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 of a pharmaceutical composition to a patient,
comprising a therapeutically effective amount of an opioid
antagonist selected tiom naloxone and phannaceutically
acceptable salts thereof, wherein said device is pre~primed.
and wherein said therapeutically efi‘ective amount, is equiva-
lent to about 2 mg to about 12 mg of mloxone hydrochlo—ride.
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In some embodiments, said opioid antagonist is naloxone
hydrochloride. In some embodiments, said opioid antagonist
is naloxone hydrochloride dihytlrate.

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 pesition. 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 of opioid antago—
nist from a device as described herein.

In some embodiments, said therapeutically efiective
amount is equivalent to about 4 mg to about 10 mg of
naloxone hydrochloride. In some embodiments, said thera—
peutically efi‘ective 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
effective amount is equivalent to about 4 mg ol'naloxone
hydrochloride. In some embodiments, said therapeutically
efiective amount is equivalent to about 8 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
effective amount is equivalent to about 3.4 mg of naloxone
hydrochloride.

In some embodiments. said therapeutically cflective
amount is about 2.2 mg to about 13.2 mg of naloxone
hydrnchloride dihydrate. In some embodiments, said thera—
peutically efl'ective amount is about 4.4 mg to about 11 mg
ofnaloxone hydrochloride dihydrate. In some embodiments,
said therapeutically etl'cctive amount is an amount chosen
from about 2.2 mg nnloxone hydrochloride dihydrate, about
4.4 mg of naloxone hydrochloride dihydrate, and about 8.8
mg naloxone hydrochloride dihydrate. In some cmbodi~
ments, said therapeutically efi’ectivc amount is about 2.2 mg
ofnaloxone hydrochloride dihydrate. In some embodiments,
said therapeutically elfective amount is about 4.4 mg of
naloxone hydrochloride dihydrate. In some embodiments,
said therapeutically etfective amount is about 8.3 mg of
naloxone hydrochloride dihydmte.

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

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

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

In some embodiments, about 100 pL of said pharmaceu-
tical composition in said reservoir is delivered to said patientin one actuation.

In some embodiments. said phamtaccutical composition
finther comprises one or more excipients selected fromwater and NaCI.

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

In some embodiments. said pharmaceutical composition
further comprises a preservative. penneationfpenctration
cnltancer auditor a cationic surfactant; an isotonieity agent; a
stabilizing agent; and an amount of acid suflicient to achieve
a pH of 3.5-5.5. In some embodiments, the preservative,
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permeationtpenetration enhancer andror a cationic surfactant
is selected from benzalkonium chloride, cyclodex‘trins,
firsidic acid derivatives, plnsphatidylcltolincs, microspheres
and iiposomes, and bile salts. In a particular embodiment,
the preservative, penncationr’penetration enhancer andr'or a
cationic surfactant is benzalkonium chloride.

In some embodiments, said pharmaceutical composition
firrther comprises one or more excipients selected from
water, NaCl, benzalkonium chloride, sodium edetate, diso—
dium edetate, and hydrochloric acid.

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

In certain embodiments. said pharmaceutical compOsition
comprises benralkonium chloride. The can function as a
preservative (even in low amounts), 3 permeationr’penetra—
tion enhancer. andlor a cationic surfactant (typically at a
higher amount for these latter two). Benzalkonium chloride
is represented by the following structure:

guru—L1H;
I.

lIyC‘ \CHJ (11'

in which n is an integer, and a mixture of more than one
thereof can be used. In certain embodiments, in is 8, 10, 12,
14. 16, or 18. and in certain embodiments, n is 10, 12,or 14.
In cenain embodiments, said pharmaceutical composition
comprises about 0.005% to about 1% benzalkoniurn chlo-
ride. In certain embodiments, said pharmaceutical compo-
sition comprises about 0.01% to about 1% benzalkoniurn
chloride. In certain embodiments, said pharmaceutical com-
position comprises about 0.005% to about 0.015% ben-
7alkonjum chloride.

In its capacity as a surfactant, benzalkonium chloride can
affect the surface tension ofdroplets from a delivered nasal
spray plume, producing spherical or substantially spherical
particles having a nan-ow 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 depo-
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 size should be
between about 30 and about 100 run. If the dmplets are too
large (>about 120 pm), deposition takes place mainly in the
anterior parts of the nose, and if the droplets are too small
[<about 10 um), they can possibly be inhaled and reach the
lungs, which should be avoided because of safety reasons
{benzalkonium chloride significantly increases mucin secre-
tion while significantly attenuating mucoiliary transport rate
and is toxic to lollBEl-‘lo-c‘ells.)

Spray characterization (cg, plume geometry, spray pat-
tern, pump delivery. droplet size distribution. DSD] of the
delivertai plume subsequent to spraying may be meastucd
under specified experimental and instrumental conditions by
appropriate and validated andr'or calibrated analytical pro-
cedures known in the art. these include photography, laser
difl'mction, and impaction systems (caseade impaction. next
generation impaction {Mil}. etc.). Droplet size distribution
can be controlled in terms of ranges for the D10, D50, D90,
Span [(D90—Dl 0)!I)50}. and percentage ofdroplets less than
10 mm. In cenain embodiments, the formulation will have
a narrow DSD. In certain embodiments. the lbrmulation will

Copy provided by USP'I'O From the PIRS Image Database on ”3-23—20! 8

Nalox l 001

Nalox-l Pharmaceuticals, LLC

Page 17 of 43



US 9,775,838 132
15

0-313 pm and a D‘vt%)<iw pm The
particle diameter “(D)“ designations refer to the represen-
tative diameter where 10% (D10), 50% (D50) and 90%
(D90) of the total volume of the liquid sprayed is made up
of droplets with diameters smaller than or equal to the stated
value.

L-..- _ t'\..{:r|\ .: ..,
uuvc i1 uvtaui ul .3

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

{11

wherein n is an integer selected from the group consisting of
8, 10. 12, 14, 16, and 18. 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 fiom the device will produce a uniform circular
spray plume with an ovalii'y ratio ciose ”to i. in certain
embodiments, the ovality ratio is between 0.7 and 2.5. In
certain embodiments, the ovalily 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 1.1. In
certain embodiments, the ovality ratio is about 1.0.

When benzalkoniurn chloride is provided in a fomulation
in an amount efi‘ective to function as a penneationi‘penetra—
[ion enhancer andr'ora cationic surfactant, the spray pattern,
droplet size and DBL) are expected to provide improved
pharmacokinetic outcomes such as CW“, Inn”, and linear
dose proportionality compared to both intramuscular formu-
lalions and intranasal formulations Ihal do not contain
benmlkoniurn chloride in an amount eitectivc to function as
a permeationi'penetration enhancer andlor a cationic surfac—
tant. In certain embodiments, a formulation as disclosed
herein comprising benzalkoniunt chloride in an amount
cfi'ective to function as a permeatiooipeoetration enhancer
andr‘or a cationic surfactant wili yield a formulation that is at
least 35% bioavailable, at least 40% bioavailable, at least
45% biouvailablc, at stl 50% bioavailable, or at least 55%
bio-available.

Accordingly. provided herein is a drug product compris-
ing a combination of a therapeutically efl'ective amount of an
opioid agonist and a lherapctttically efiectivc amount of
naloxone hydrochloride or a hydrate thereof, wherein said
naloxone hydrochloride or hydrate thereof is contained in a
single—use, pre'—prin1ed 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 reservoir
containing a pharmaceutical composition which is an aque-
ous solution of about 100 pl. comprising:
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natioxorre hydrochloride or a hydrate thereof;
benzalkonium chloride in an amount efiectivc to function

as a perrneation’penetration enhancer andfor a cationic
surfactant;

an isotonicity agcnt;
a stabilizing agent; and
an amount of acid sufiicient to achieve a pH of 3.5—5.5.
In certain embodiments, the single-use, 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 mlottone 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 nalortone

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

0.01% vvt'v to about 1% wt'v) benzalkonium 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 ofa stabilizing

agent; and
an amount of acid sufficient to achieve a pH of 3.5-5.5.
In certain embodiments,
the isotonicity agent is NaCl;
the stabilizing agent is disodium edetalc; and
the acid is hydrochloric acid.
In certain embodiments, the aqueous solution comprises:
about 4.4 mg naloxone hydrochloride dihydrate;
about 0.74 mg NaCl;
between about 0.001 mg. and about 0.1 mg (i.e., about

0.01% wt'v to about 1% wtv) bcnralkonium chloride,
about 0.2 mg disodium cdetate; and
an amount of hydrochloric acid sufficient to achieve a pH

of 3.5-5.5.

Also provided herein is a drug product comprising a
combination of a therapeutically efl'ective amount of an
opioid agonist and a therapeutically cfi‘cclive amount of
naloxone hydrochloride or a hydrate thereof, wherein said
naloxone hydmchloride or hydrate thereof is morning in a
pie-primed, bi—diose device adapted for nasal delivery of a
phannaceutical 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 eflective amount of said opioid antago-
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 ot‘ssid patient; each
reservoir comprising a pharmaceutical composition which is
an aqueous solution of about 100 pl. comprising:

an isotonicity agent;
benzalkonium chloride in an amount elfective to function

as a permeationfpenetration enhancer andr’or a cationic
surfactant:

a stabilizing agent; and
an amount of acid sufficient to achieve a p11 of 3.5-5.5.
ltt certain embodiments, each reservoir of the pro-primed,

bi-dose device adapted for nasal delivery of a pharmaceu-
tical composition to a patient comprises between about 2 mg
and about 12 mg of the italoxone hydrochloride ora hydrate
thereof.

ltt certain embodiments, each reservoir of the pre-primod,
bi—dose device adapted for nasal delivery of a pharmaceu-
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tica] composition to a patient comprises about 2 mg._ about In certain embodiments,
4 mg. or about 8 mg of the naloxone hydrochloride or a the isotonicity agent is NaCI;
hydrate thereof. the stabilizing agent is disodium edetate: and

In certain embodiments. the aqueous solution comprises: the acid is hydrochloric acid.
between about 2 mg and about 12 mg of the naloxone 5 In certain embodiments, the aqueous solution comprises:

hydrochloride or a hydrate thereof; about 4.4 mg naloxone hydrochloride dihydrate',
between about 0.001 mg and about 0.1 mg (i.e.._ about about 0.?4 mg NaCl;

0.01% wr'v to about 1% wtv) bettzalkonium chloride; between about 0.001 mg and about 0.] mg {i.e., about
between about 0.2 mg and about 1.2 mg of an isotonicity 0.01% vva to about 1% wtv) benzalkonium chloride;

agent; to about 0.2 mg disodium edetate; and

between about 0.1 mg and about 0.5 mg of a stabilizing an amount ofhydrochloric acid sufficient to achieve a pHagent; and oi‘3.5—5.5.

an amount of acid sufljcient to achieve a pH or 3.5-5.5. Also provided herein is a method of lowering opioid
in certain embodiments, overdose risk in an individual at risk for opioid over-dose,
the isotonicity agent is Natil; ts comprising providing to the individual at risk tor Opioid
the stabilizing agent is disodiurn edetatc; and overdose a combination of a therapeutically efiective
the acid is hydrochloric acid. amount of an opioid agonist and a therapeutically eifective
In certain embodiments, the aqueous solution comprises: amount of naloxone hydrochloride or a hydrate thereof.
about 2.2 mg or about 4.4 mg naloxone hydrochloride wherein said naloxonc hydrochloride or hydrate thereof is

dihydrate; 20 contained in a pro—primed. bi-dose device adapted for nasal
between about 0.001 mg and about 0.] mg (i.e., about delivery of a pharmaceutical composition to a patient,

0.01% wlv to about 1% WW) benzalkcnium chloride; wherein a first volume of said pharmaceutical composition
about 0.2 mg disodium edetatej. and is present in a first reservoir, and a second volume of said
an amount of hydrochloric acid sufficient to achieve a pH pharmaceutical composition is present in a second reservoir.

of 3.5-5.5. 25 and wherein said therapeutically efi‘ective amount of said
In certain embodiments. each reservoir comprises about opioid antagonist is delivered essentially by a first actuation

2.2 mg of the nalottone hydrochloride dihydrate. of said drug delivery device from said first reservoir into a
In certain embodiments, each reservoir comprises about nostril of said patient and a second actuation of said drug

4.4 mg of the rialoxone hydrochloride dihydrate. delivery device from said second reservoir into a nostril of
Also provided herein is a method of lowering opioid 30 said patient; each reservoir comprising a phannaceutical

overdose risk in an individual at risk for opioid overdose. composition which is an aqueous solution of about 100 pl.
comprising providing to the individual at risk for opioid comprising:
overdose a combination of a therapeutically eflective naloxone hydrochloride or a hydrate thereof;
amount of an opioid agonist and a therapeutically effective between about 0.2 mg and about 1.2 mg of an isotonicity
amount of naloxone hydrochloride or a hydrate thereof, 35 agent;
wherein said naloxone hydrochloride or hydrate thereof is benzatkoniurn chloride in an amount effective to function
contained in a single-use, pre—primed device adapted for as a pcrrneationt'penetration enhancer andror a cationic
nasal delivery ot‘a pharmaceutical composition to a patimt surfactant;
by one actuation of said device into one nostril of said a stabilizing agent; and
patient, and wherein the single-use. pro-primed device com- 441 an amount of acid sufficient to achieve a pH of 3.5-5.5.
prises a reservoir containing a pharmaceutical composition In certain embodiments, the single—use, pro-primed device
which is an aqueous solution of about 100 itL comprising: adapted for nasal delivery of a pharmaceutical composition

naloxone hydrochloride or a hydrate thereof; to a patient comprises between about 2 mg and about 12 mg
an isotonicity agent: of the naloxone hydrochloride or a hydrate thereof.
benzalkonittm chloride in an amount effective to function 45 In certain embodiments. each reservoir of the single-use.

as a pennutionrpenetration enhancer and’or a cationic pro-primed device adapted for nasal delivery of a pharma-
surfactant: _ ceutical composition to a patient comprises about 2 mg,

a stabilizing agent: and about 4 mg, or about 8 mg of the naloxone hydrochloride or
an amount of acid sufficient to achieve a pH of 3.5—5.5. a hydrate thereof.
In certain embodiments, the singlouse, pie—primed device so In certain embodiments, each reservoir comprises about 2

adapted for nasal delivery of a pharmaceutical composition mg of the naloxone hydrochloride or a hydrate thereof.
to a patient comprises between about 2 mg and about 12 mg In certain embodiments, each reservoir comprises about 4
of the naloxone hydrochloride or a hydrate thereof. mg of the naloxone hydrochloride or a hydrate thereof.

In certain embodiments, the single—use, pro-primed device In certain embodiments. the aqueous solution comprises:
adapted for nasal delivery of a pharmaceutical composition 55 between about 2 mg and about 12 mg of the naloxone
to a patient comprises about 2 mg, about 4 mg, or about 8 hydrochloride or a hydrate thereof;
mg of the naloxone hydrochloride or a hydrate thereof. between about 0.001 mg and about 0.1 mg (i.e.. about

In certain embodiments, the aqueous solution comprises: 001% wtv to about 1% wlv) benzalkonium chloride:
between about 2 mg and about 12 mg of the naloxonc between about 0.2 mg and about 1.2 mg of an isotonicity

hydrochloride or a hydrate thereof; an agent;
between about 0.001 mg and about 0.1 mg (i.e.. about between about 0.1 mg and about 0.5 mg of a stabilizing

0.01% wlv' to about 1% wtv) benzalkonittm chloride; agent; and
between about 0.2 mg and about 1.2 mg ofan isotonicity an amount of acid sufficient to achieve a pH of 3.5-5.5.

agent; in certain embodiments.
between about 0.1 mg and about 0.5 mg of a stabilizing 65 the isotonicity agent is NaCl;

agent; and the stabilizing agent is disodium edetate; and
an amctmt of acid sufficient to achieve a pH of 3.5-5.5. the acid is hydrochloric acid.
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lo certain embodiments, each reservoir compriscm:
about 2.2 mg or about 4.4 mg naloxone hydrochloride

dihydratej.
about 0.74 mg NaC];
between about 0.001 mg and about 0.1 mg (i.e., about

0.01% vw'v to about 1% wtv) benralkonium chloride;
and

about 0.2 mg disodium edetate.
In some embodiments. said pharmaceutical composition

further comprises one or more excipients selected from
water, NaC], benzaikonium chloride. sodium cdclatc, diso-
dium edetate, and hydrochloric acid.

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

In some embodiments, said pharmaceutical composition
ftlr1her comprises:

an isotonicity agent;
a preservative;
a stabilizing agent;
an amount of acid sufiicient to achieve a pH of 3.5—5.5;and
an amount ofwater suflicient to achieve a final volume of

about 100 111..
In some embodiments, said pharmaceutical composition

comprises:
between 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,
andfor permeation enhancer;

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

an amount. ofan acid sufficient to achieve a pH of 3 .5—5. 5'.
and

an amount of water suflicient to achieve a final volume of

about 100 till.
In some embodiments,
the isotonicity agent is NaCl;
the compound which is a preservative, cationic surfactant,

andr'or permeation enhancer is beuzalkonium chloride;
the stabilizing agent is disodium edemte; and
the acid is hydrochloric acid.
In some embodiments, said pharmaceutical composition

comprises:
about 0.74 mg NaCl;
about 0.01 mg benzalkoninm chloride;
about 0.2 mg disodium edetate;
an amount ofhydrochloric acid sufficient to achieve a pH

of 3.5-5.5; and
an amount of water suficient to achieve a fora] volume of

about [00 pl...
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.

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

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

In some embodiments, said device is aetuatable with one
hand.
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In some embodiments. the delivery time is less than about

25 seconds. In some embodiments, the delivery time is lees
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 eabout 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 nasopharymt or cxtcrnally. 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 cidemally. In some
embodiments, upon nasal delivery of said pharmaceutical
composition to said patient, lcss 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 1M,
oflas than 30 minutes. In some embodiments, the plasma
concentration versus time curve of said opioid anlagonist in
said patient has a 1,,“m of less than 25 miuulcs. In some
embodiments. the plasma concentration versus time curve of
the opioid antagonist in the patient has a tm, of less than 20
minutes. In sortie 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 t,,m of less than 19 minutes.
In some embodiments, the plasma concentration versus time
curve of the opioid antagonist in the patient has a 1mm of
about 18.5 minutes.

In some embodiments, delivery of said therapeutically
reflective 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 90%. In some embodiments, delivery of said thera-
peutically effective 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 efi'eclive amount to said patient, provides
occupancy at rm, 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 tree front respira-
tory depression for at least about 1 hour following treatment
comprising delivery of said therapeutically eflective amount
of said opioid antagonist. In some embodiments, said patient
is free from respiratory depression for at least about 2 hours
following trealment comprising delivery of said therapeuti-
cally effective amount of said opioid antagonist. In some
embodiments, said patient is tree from respiratory depres-
sion for at least about 4 hours following treatment compris-
ing delivery of said therapeutically reflective 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 effective amount of said opioid antagonist.

In some embodiments, said device is a bi-doae device,
wherein a first volume of said pharmaceutical composition
is present in a first reservoir and a second volume of said
pharmaceutical composilion is present in a second reservoir,
and wherein said therapeutically ell'ective amount is deliv-
ered essentially by a first actuation of said device into a first
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into a second nostril of said patient.
In some embodiments, said first volume and said second

volume combined is equal to not more than about 330 pL.
In some embodiments, about 100 uL of said first volume

of said pharmaceutical composition is delivered by said firstactuation.

In some embodiments, about 100 pl. of said second
volume of said pharmaceutical composition is delivered bysaid second actuation.

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

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

In some embodiments, the 90% confidence interval for
dose delivered per actuation is tab-out 2%. In some etnbodi -
ments, the 95% confidence interval for dose delivered peractuation is zabout 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 extcmally.

In some embodiments. the plasma concentration versus
time curve of said opioid antagonist in said patient has 21th
of less than 30 minutes. In some embodiments, the plasma
concentration versus time curve of said opioid antagonist in
said patient has a tm‘ of less than 25 minutes. In some
embodiments, the plasma concentration versus time curve of
said opioid antagonist in said patient has a rm, of about 20
ntinutes. In some embodiments, the plasma concentration
versus time curve of the opioid antagonist in the patient has
a 1m of less than 19 minutes. In some embodiments, the
plasma concentration versus time curve of the opioid
antagonist in the patient has a tm, of about 18.5 minutes.

In some embodiments, delivery of said therapeutically
efiective amount to said patient. provides occupancy at In,“
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 them—
peutically effective amount to said patient, provides occu—
pancy at rm, 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 efl‘ective amount to said patient, provides
occupancy at tm, of said opioid antagonist at the opioid

nostril of said and ID It

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 efil-etive 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 efl'eetive amount of said
opioid antagonist. In some embodiments, said patient is tree
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from reapimic-y detession for at icas't about 6 hours
following treatment comprising delivery of said therapeuti-
cally effective amount of said opioid antagonist.

Also provided herein is a single—use, pro-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, having a single reservoir comprising about
103* pl, oi‘a pharmaceutical composition which is an aque—
ous soiution comprising:

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

between about 0.2 mg and about 1.2 mg ofan isotonicity
agent;

between about 0.005 mg and about 0.015 mg oi‘a com-
pound which is a preservative. cationic surfactant,
andr’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 pH 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 naloxonc
hydrochloride or a hydrate thereof. In some embodiments.
the device comprises about 4.4 mg naloxone hydrochloride
dibydrate. 1n 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 benzalkonium chloride;
the stabil't7ing 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

dihydrateg.
about 0.?4 mg NaCl;
about 0.01 mg benzalkonium chloride:
about 0.2 mg disodium edetate; and
an amount ofhydrochloric acid sulficient to achieve :1 pl]of 3.5-5.5.

In some embodiments, the device comprises about 4 .4 mg
naloxone hydrochloride dihydratc. In some embodiments,
the device comprises about 2.2 mg naloxone hydrochloride
dihydrate.

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 externally.

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

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

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

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

In some embodiments, upon nasal delivery 01‘ 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 leave; the nasal cavity via
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drainage into the rtasopharynrt 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 313m,r
oi‘less than 30 minutes. In some embodiments, the plasma
concentration versus time curve of said opioid antagonist in
said patient has a [m of less than 25 minutes. In some
embodiments. the plasma concentration versus time curve of
said opioid antagonist in said patient has a t,,,,,,r of about 20
minutes. In some embodiments. the plasma concentration
versus time curve of the opioid antagonist irt 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 tum of about 18.5 minutes.

In some embodiments, delivery of said therapeutically
eliectiVe amount to said patient, provides occupancy at I“,
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 elfective amount to said patient, provides occu—
pansy at rm, 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 efl'ective amount to said patient, provides
occupancy at 1m; 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 deliveryr of said therapeutically etfective 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 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 treaunent compris-
ing deliveryr 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 etl'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 storagc~stable for about twelve, about fifieen, 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 from: respiratory depression,
postoperative opioid respiratory depression. altered level
consciousness, tuiotic 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 respiratory
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.
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Also provided are devices as recited in any of the pre-
ceding embodiments 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, nalbupltitte, pcntazo—
cine and butorphanol.

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 efl'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 agonjst. In some embodiments the kit ftuther
comprises written instructions. In some embodiments. the
opioid agonist is selected from codeine, morphine. metha—
done, fentanyl, oxycodone HCI, hydrocodonc bitartrate,
hydromorphone, oxymorphone, meperidine, propoxyphcne,
opittm, heroin, and certain narcotic-antagonist analgesics,
such as, nalhuphine. pentarocine and btrtorphanol. 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 mutuallyexclusive.

Tamper-proof and tamper-resistant fonnulaling 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 wateredcgradable polymer matrix technology that
erodes from the surface at a constant rate. The matrix
consists ofone or more plasticizing polymers that cannot be
crushed or melted. Another such technology (Abuse Resis—
tant technology (ART); Elite Laboratories) utilizm a pro-
prietary coating technology consisting of various polymers
that can sequester an opioid antagonist (naltrexone) in
fragile rnicropellets that are indistinguishable from the pel-
lets containing Ihe opioid. The formulation is designed to
release sequestered antagonist only if the dosage is crushed
or otherwise damaged for extraction. Oral dosage forms are
prepared by coating powders, crystals, granules, or pellets
with various polymers to impart different characteristics.
The formulations can release the active dnig in bod-r imme-
diate and sustained release form. Chronodelivery formula-
tions using this technology can efi‘ectivcly delay drug
absorption for up to live hours. Aversion (Acur-a Pharma-
ceuticals) utilises certain proprietary combinations offunc-
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 (cg, capsaicin) and aversive agents (e.g.,
niacin). In some embodiments, the opioid agonist is in a
tarnper~proof formulation. In some embodiments, the opioid
agonist is in a tamper-resistant fom'tulation. In some
embodiments, the opioid agonist is selected from Acumrt-“R‘
Oxycodone DIi’l‘ERxdb, Oxycontin®. Egalet hydrocodone,
Egalet morphine, Egalet oxyeodone, Rxalgo-®, Opana'fi),
Opanaflit ER, Vicodintts'J, PercocettBJ and Remoxy®
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Pharmaceutical Compositions
Also provided are pharmaceutical compositions compris-

ing one or more opioid antagonist. In some embodiments the
pharmaceutical compositions comprise an opioid antagonist
and a pharmaceutically acceptable carrier. The canier(s)
must be “acceptable“ in the sense of being compatible with
the other ingredients of the lormulalion 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 andlor
a permeation enhancer), methyiparaben, sodium benzoate,
benzoic acid, phenyl ethyl alcohol. and the like, and mix—
tures thereof; surfactants such as Polysorbate 8|) NF, poly-
oxyethylene 20 sorbitan monolaurale, polyoxyethylene (4)
sorbitan nronolaurate. polyoxyethylene 2O sorbitan mono-
palmitale, polyoxyethylene 20 sorbitan monostearate, poly—
oxyethylene (4] sorbitan monostearate, polyoxyethylcnc 20
sorbitan tristearate, polyoxyethylene (S) sorbitan
monooleate, polyoxyethylene 20 sorbitan trioleatc, polyoxy-
ethylene 20 sorbitan monoisosteorate, sor‘bitan monooleato,
sorbitan monolaurate, sorbitan monopalmjtate, sorbitan
monosteardte, sorbitan trilaurate, sorhitan trioleate, sorbitan
tristearatc, polyethylene glycol (15)-hydroxystearate (SGIU~
tol® HS 15) and the like, and mixtures thereof; a tonicity
agent such as: dextrose, lactose, sodium chloride, calcium
chloride, magnesium chloride, sorbitol, sucrose, nrannitol,
trehalose, ralfinose, polyethylene glycol, hydroxyethyl
starch, glycine, and the like, and mixtures thereof; and a
suspending agent such as microcrystalline cellulose, ear-
boxymethyioeilulose sodium Nl“, polyacrylic acid, magne—
sium aluminum silicate, xanthan gum, and the like, andmixtures thereof.

'Ihe opioid antagonists described herein can be formu-

lated into pharmaceutical compositions using techniques
well known to those in the an. Suitable pharmaceutically
acceptable carriers, outside those mentioned herein, are
known in the art; for example, see Remington: The Science
and Practice of Pharmacy, 2151 ed, Lippincott Williams 3r.
Wilkins, Philadelphia, Pa. {2005).

'lhe opioid antagonists described herein may optionally
exist as pharmaceutically acceptable salts including phar—
maceutically acceptable acid addition salts prepared front
pharmaceutically acceptable non-toxic acids including inor-
ganic and organic acids. Representative acids include, but
are not limited to, acetic, hemenesull‘onic, benzoic, cam—
phorsulfonje, citric, ethenesulfonic, dichloroacetic, formic,
fumaric, gluconic, glutamic, hippuric, hydrohromic, hydro-
chloric, isethionic. lactic, maieic, malic. mandelic, methane—
sulfonic, mucic, nitric, oxalic. pamoic, pantothenic, phos-
phoric, succinic. sulfuric. tartaric, oxalic, p-toluencsulfonic
and the like, such as those phannaceutically acceptable salts
listed by Beige et al., Journal of Pharmaceutical Sciences,
66:1-19 (197?). The acid addition salts may he 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
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solvent. The opioid antagonists described herein may fomr
solvales with standard low molecular weight solvents usingmethods known to the skilled artisan.

Accordingly, provided herein are pharmaceutical formu—
lations for intranasnl administration comprising, in an aque—
ous solution of not more than about 140 rd:

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

between 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,
andJ'or permeation enhancer;

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

an amount of an acid suliieient to achieve a pH of 3 5-5.5.
In some embodiments, said opioid antagonist is the only

pharmaceutically active compound in said pharmaceuticalCODIPOSIUOI'L

ln 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 phamraccutical 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 of naloxone hydrochloride, and about 8 mg
naloxone hydrochloride. In some embodiments, the phar-
maceutical fonnulation comprises an amount equivalent to
about 2 mg of naloxone hydrochloride. in some embodi-
ments, the pharmaceutical fonnulation comprises an amount
equivalent to about 4 mg of naloxone hydrochloride. In
some embodiments. the phamtaceutical formulation com—
prises an amount equivalent to about 8 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
effective amount is equivalent to about 3.4 mg of naloxone
hydrochloride.

In some embodiments, the pharmaceutical formulation
comprises about 2.2 mg to about 13.2 mg of naloxone
hydrochloride dihydrute. In some embodiments, the phar-
maceutical formulation comprises about 4.4 mg to about 1]
mg of naloxone hydrochloride dihydratc. In some embodi-
ments, the pharmaceutical formulation comprises an amount
chosen from about 2.2 mg naloxone hydrochloride dihy—
dl'dlE, about 4.4 mg of naloxone hydrochloride dihydrate,
and about 8.3 mg naloxone hydrochloride dihydrate. In
some embodiments, the pharmaceutical formulation com-
prises about 2.2 mg of naloxone hydrochloride dihydrate. ln
some embodiments, the pharmaceutical formulation com-
prises about 4.4 mg of naloxone hydrochloride dihydrate. in
some embodiments, the pharmaceutical formulation com-
prises about 83 mg of nuloxonc hydrochloride dihydrate.

In some embodiments, the device comprises about 4.4 mg
naloxonc 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 uL.

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 extemslly.

In some embodiments, the plasma concentration versus
time curve of said naloxone hydrochloride in said patient has
a rm, of between about 20 and about 30 minutes.
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In some embodiments, said device is actuatable with one
hand.

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

In some embodiments, the 90% confidence interval for
dose delivered per ac1uation is :about 2%. In some embodi-
merits, 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 nasopbarynx 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
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 a 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 In“ of less than 25 minutes. In some
embodiments, the plasma concentration versus time curve of
said opioid antagonist in said patient has a t“, of about 20
minutes. In some embodiments, the plasma concentration
versus time curve of the opioid antagonist in the patient has
a tmx of less than 19 minutes. In some embodiments, the
plasma concentration versus tinte curve of the opioid
antagonist in the patient has a 1,,“ of about 13.5 minutes.

In some embodiments, delivery of said pharmaceutical
formulation to a patient, provides occupancy at tmfl 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 pharmaceutical formu-
lation to said patient, provides occupancy at 1...... of said
opioid antagonist at the opioid receptors in the respiratory
control center of said patient of grmter than about 95%. In
some embodiments. delivery of said pharmaceutical fomtu-
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%.

In some embodiments, said patient is free from respira-
tory depression for at least about 1 hour following treatment
comprising delivery of said therapeutically efiective 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 efl‘ective amount of said opioid antagonist. In some
embodiments, said patient is free from respiratory depres-
sion for at least about 4 hours tollowing treatment compris-
ing delivery of said therapeutically efl‘ective 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 effective 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 pl.:

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

between about 0.2 mg and about 1.2 mg of an isotonicity
agent:
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between about 0.005 mg and about 0.015 mg of a com—
pound which is a preservative, cationic surfactant,
andtor permeation enhancer;

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

an amount of acid suificient 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 disodium edetate; and
the acid is hydrochloric acid.
In some embodiments, the pharmaceutical formulation

comprises:
about 2.2 mg or about 4.4 mg naloxone hydrochloride

dihydmte;
about 0.74 mg NaCl;
about 0.01 mg benzalkonium chloride;
about 0.2 mg disodium edetate; and
an amount ofhydrochloric acid sufficient to achieve a pHof 3.5—5.5.

In some embodiments. the phanpaoeutical formulation
comprises about 4 mg naloxone hydrochloride or a hydrate
thereof. In some embodiments, the pharmaceutical formu-
lation comprises about 2 mg naloxonc hydrochloride or a
hydrate thereof. In some embodiments, the pharmaceutical
formulation comprises about 4.4 mg naloxone hydrochloride
dihydratc. 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 uL'.

about 4 mg naloxonc 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 com-

pound which is a preservative cationic surfactant, and!
or permeation enhancer;

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

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

comprises:

about 4.4 mg naloxone hydrochloride dihydrate;
about 0.?4 mg NaCl;
about 0.01 mg benzalkonium chloride;
about 0.2 mg disodium edetate: and
an amount of hydrochloric acid sufiicicnt to achieve a pliof 3.5-5.5.

Also provided herein are phannaceutical formulations for
intranasal administration comprising= in anuqueous solution
of about 100 pl;

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

between about 0.005 mg and about 0.015 mg of a com-
pound which is a preservative, cationic surfactant.
andlor 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 5-55.
In some embodiments, the pharmaceutical firrmulation

comprises:
about 2.2 mg nalo‘ltone hydrochloride dihydrate:
about 0.?4 mg NaCI;
about 0.2 mg disodium edetate; and
an amotuit of hydrochloric acid suflieicnt to achieve a pHof 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 pharmaceutical l‘on-nulation com-
prises about 2.2 mg naloxone hydrochloride dihydrate.

Provided are devices adapted for nasal delivery of a
pharmaceutical composition to a patient, comprising a then:—
peutically ell'octive amount of an opioid antagonist selected
from naloxone and pharmaceuticaily 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 cfnalortone hydrochloride. In some embodi-
ments, the therapeutically effective amount is equivalent to
about 4.4 mg of naloxone bydmchloride. In some embodi-
ments. the phannaceutical composition comprises a solution
ofnaloxcne hydrochloride dihydrate. In some embodiments,
the pharmaceutical composition fimher comprises one or
more excipierrts selected from water and NaCi. In some
embodiments, the pharmaceutical composition is substan-
tially free of antimicrobial preservatives. In some embodi-
ments, Ihe device is substantially here of ben-zalkonium
chloride. mcthylparaben, sodium henzoate, benzoic 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 for about twelve months at about
25° C. 111 some embodiments, the pharmaceutical composi-
tion comprises less than 0.1% wlw antimicrobial preserva-
tives. In some embodiments, the pharmaceutical composi-
tion comprises 0,01% wfw or less antimicrobial
preservatives. ln some embodiments, the pharmaceutical
composition comprises 0.01% wr'w—t}.001% wr'w antimicro-
bial preservatives. In some embodiments, the phamraceuli-
cal composition comprises less than 0.001% wlw antimi-
crobial preservatives.

Also provided are devices for “combination-thm'apy“
comprising pharmaceutical compositions comprising at least
one opioid antagonist described herein, together with at least
one known pharmaceutical agent and a pharmaceutically
acceptable carrier. 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
ualtrcxone. In some embodiments. the pharmaceutical com-
position comprises naloxone and methylnaltrexone. In some
embodiments. the pharmaceutical composition comprises
naloxone and nalmefcnc.

Also provided are embodiments wherein any embodiment
above may be combined with any one or more of these
embodiments, provided the combination is not mutuallyexclusive,
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 efi'ects ofopioids
including respiratory depression, sedation and hypotension.
Also, it can reverse the psychotomimetic and dysphoric
cfiects ofagonist-antagonists such as pcntazocine. Naloxone
causes abrupt reversal of narcotic depression which may
result in nausea, vomiting, sweating, tachycardia, increased
blood pressure, lrtemulousness, seizures and cardiac arrest,
however, there is no clinical experience with naloxonc
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 naloxone according to the devices
andlor 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 the
mouse and rat the intraVenous LDSO is 150:5 mg/kg and
10914 mgjkg respectively. In acute subcutaneous toxicity
studies in newbom rats the L050 (95% CL) is 260 (228-296)
mph; Subcutaneous injection of 100 mgflcglday in rats for
3 weeks produced only transient salivatiou and partial ptosis
following injection: no toxic effects were seen at 10 mgr'kg/
day for 3 weeks.

Naloxone hydrochloride injection is indicated for the
complete or partial reversal ofnarcotic depression, including
respiratory depression, induced by opioids selected fi'om:
natural and synthetic narcotics, propoxyphcne, methadone,
and certain narcotic-antagonist analgesics: nalbuphine, pen-
tazocine and butorphanol. Naloxone hydrochloride is also
indicated for the diagnosis of suspected acute opioid over—
dosage. For the treatment of known or suspected narcotic
overdose in adults on initial dose of 0.4 mg to 2 mg of
naloxone hydrochloride intravenously is indicated. If the
desired degree of counteraction and improvement in respi-
ratory functions is not obtained, administration may be
repeated at 2 lo 3 minute intervals. If no response is observed
afler 10 mg of nalcxone hydrochloride have been adminis—
tered, the diagnosis of narcolic-induced or partial narcotic-
induced toxicity should be questioned. The usual initial dose
in children is 0.0] mgr'kg body weight given IV. If this dose
does not result in the desired degree of clinical improve-
ment, a subsequent dose of 0.l nag/kg body weight may be
administered. When rising naloxone hydrochloride injection
in neonates a product containing 0.02 mgfml. (i.e., 0.002%
wr‘v) should be used.

It has also been reported that naloxcne hydrochloride is an
efi'ective agent for the reversal of the cardiovascular and
respiratory depression associated with osmotic and possibly
some non-narcotic overdoses. The authors stated that due to
naloxone‘s pharmacoltinctic profile, a continuous infusion
protocol is recommended when prolonged narcotic antago-
nist effects are required. (Handal et a1.. Ann Emerg Med.
1983 July; 12(T):438—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
efl'ective amount of an opioid antagonist selected from
naloxone and pharmaceutically acceptable salts thereof,
wherein said therapeutically cll'cctive amount is equivalent
to about 2 mg to about 12 mg ofnaloxone hydrochloride or
a hydrate thereof. In some embodiments, the therapeutically
effective amount of an opioid antagonist selected from
naloxone and pharmaceutically acceptable salts thereof is
delivered in not more than about 140 pL of an aqueouscarrier solution.

In certain embodiments, also provided herein are methods
of treating opioid overdose or a symptom thereof, compris—
ing nasaliy administering to a patient in need thereof a
therapeutically ell'ective amount of an opioid antagonist
selected from naloxone and phannaceutically acceptable
salts thereof, wherein said therapeutically afiectivc amount
is equivalent to about 2 mg to about 12 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 an opioid antagonist
selected from naloxone and pharmaceutically acceptable
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salts thcrerof, wherein the spray device is capable of spraying
droplets having a median droplet size between about 30 and
about 100 pm.

In some embodiments, the spray device is capable of
Spraying a fonnulalion having a median distribution volume
(Dv(50)) Dv(50) of 30—70 tun and a Dv(90)<100 pm.

In certain embodiments, the spray device is capable of
spraying in a manner that the percent ofdroplets less than 10
pm is less than 10%, In certain embodiments, the percent of
droplets less than 10 pm is less than 5%. in certain embodi-

ments, the percent of droplets less than IO pm is less than
2%. In certain embodiments, the percent of droplets leSs
than 10 pm is less than 1%.

In certain embodiments. the spray device is capable of
spraying a uniform circular plume spray pattern with an
ovality ratio close to l. Ovality ratio is calculated as the
quotient of the maximum diameter (Dmait) and the mini-
mum diameter (Dmiu) ol‘a spray pattern taken orthogonal to
the direction of Spray how (e.g., from the “top"). In certain
embodiments, the ovalin ratio is less than 2.0. lrt 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 titan 1.2. In certain
embodiments, the ovality ratio is less than 1.1. In certain
embodiments, the ovalin 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 thereof a single
dose of a therapeutically reflective amount of an opioid
antagonist selected from naloxone and pharmaceutically
acceptable salts thereof, wherein said therapeutically efi'ec—
tive amount is equivalent to about 2 mg to about 12 mg of
naloxone 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
pharmaceutically active compound in said pharmaceutical
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 ofnnloxone 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
recovery position.

In some embodiments, said therapeutically eerc1ive
amount of an opioid antagonist is delivered by an untrainedindividual.

In some embodiments, said therapeutically eflective
amount is equivalent to about 4 mg to about 10 mg of
naloxone hydrochloride. In some embodiments, said thera—
peutically efl‘ective amount is equivalent to an amount
chosen from about 2 mg naloxone hydrochloride, about 4
mg of naloxone hydrochloride, and about 8 mg naloxone
hydrochloride: In some embodiments, said therapeutically
efi'ective amount is equivalent to about 2 mg of naloxone
hydrochloride. In some embodiments, said therapeutically
effective amount is equivalent to about 4 mg of naloxone
hydrochloride. In some embodiments, said therapeutically
efl'ective amount is equivalent to about 8 mg of naloxone
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hydrochloride. In some embodiments. the therapeutically
efiective amount is equivalent to about 3.4 mg of naloxone
hydrochloride.

In some embodiments, said therapeutically efieetive
amount is about 2.2 mg to about 13.2 mg of naloxone
hydrochloride dihydratc. In some embodiments. said dieta-

peutically effective amount is about 4.4 mg to about 1] mg
ofnaloxone hydrochloride dihydrate. In some embodiments,
said therapeutically eflective amount is an amount chosen
from about 2.2 mg naloxone hydrochloride dihydtate, about
4.4 mg of nalnxoue hydrochloride dibydr-ate, and about 8.8
mg naloxone hydrochloride dihydrate. In some embodi-
ments, said therapeutically eli'ective amount is about 2.2 mg
ofnaloxone hydrochloride dihydrate. In some embodiments,
said therapeutically eit'ective amount is about 4.4 mg of
naloxone hydrochloride dihydrate. in some embodiments,
said therapeutically effective amount is about 8.8 mg of
naloxone hydrochloride dihydrate.

In some embodiments, said symptom is chosen from
respiratory depression and central nervous system depres-51011..

In some embodiments, said patient exhibits any of unre-
sponsiveness to 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 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 a recovery position.
In some embodiments, said therapeutically effective

amount is equivalent to about 2 mg to about 10 mg, of
naloxonc hydrochloride.

In some embodiments, said therapeutically effective
amount is equivalent to an amount chosen from about 2 mg
naloxone hydrochloride, about 4 mg ol‘naloxone hydrochlo-
ride, and about 8 mg naloxone hydrochloride.

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

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

In some embodiments. said therapeutically efl'ective
amount is equivalent to about 8 mg of naloxone hydrochlo-ride.

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

In some embodiments. said opioid antagonist is naloxonc
hydrochloride.

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

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 nasopharymt or externally.

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 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 noel-pharynx 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 oi‘said opioid antagonist in said patient has a tmxof less than 25 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, 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 depression induced by opioids.

In some embodiments, said respiratory 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, propoxyphene, methadone, nalbuphine, parliam—
cine and butorphanol.

In some embodiments, said respiratory depression is
induced by an opioid selected from codeine, morphine.
methadone, fentanyl, oxycodone HCI, hydrooodone bilar—
trate, hydromorpbone, oxymorphone, meperidine, propoxy-
phone, opium, heroin, tramadol. tapentadol.

In some embodiments, said patient is free from respira-
tory depression for at least about I hour following treatment
comprising delivery of said therapeutically efleclive amount
of said opioid antagonist.

in some embodiments, said patient is free from respira-
tory depression for at least about 2 hours following treat-
ment comprising delivery 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 effective
amount of said opioid antagonist.

In some embodiments, said palienl 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 mutuallyexclusive.

Also provided are the devices, pharmaceutical composi-
tions, kits. and methods oftreatment described herein for use

in the treatment of an opioid overdose symptom selected
from: respiratory depression, postoperative opioid respira—
tory depression, altered level consciousness, mioric pupils,
cardiovascular depression, bypoxemia, 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
epic-ids 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, pmpoxyphenc, methadone, nalbuphine, pentazo—
cine and butor-phanol. In some embodiments, narcotic
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depression, including respiratory depression, is induced by
an opioid agonist selected from codeine, morphine, metha~
done, fentanyl, oxycodone llCl, hydrocodone bitartrate,
hydromorphone, ortymorphone, mepen'dine, propoxyphene,
Opium, heroin, tramadol, and tapcntadol.

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 naloxone and pharma-
ceutically acceptable salts thereof, wherein the thempeuti-
cally efiective 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 of a pharmaceutical composition
to a patient. comprising a therapeutically elfective amount of
an opioid antagonist selected from naloxone and pharma-
ceutically acceptable salts thereof, wherein the device is
pie—primed, and wherein the therapeutically efl'ective
amount, is equivalent to about 4 mg to about 12 mg of
naloxorle hydrochloride. ln sotue embodiments, the thera-
peutically efi°ective amount is equivalent to about 2 mg to
about 24 mg of naloxone hydrochloride. In some embodi-
merits. the therapeutically effective amount is equivalent to
about 3 mg to about 18 mg of naloxone hydrochloride. In
some embodiments, the therapeutically effective amount is
equivalent to about 4 mg to about 10 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
efiective amount is equivalent to about 5 mg to about 11 mg
ofnaloxone hydrochloride. In some embodiments, the thera-
peutically effective amount is equivalent to about ti mg to
about It] mg of naloxone hydrochloride. In some embodi-
ments. the therapeutically efl'ective amount is equivalent to
about 4 mg to about 8 mg of naloxone hydrochloride. In
some embodiments, the therapeutically effective amount is
equivalent to about T mg to about 9 mg of naloxone
hydrochloride, In some embodiments. the therapeutically
effective amount is equivalent to about 3.4 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
ell‘ective 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
efi‘ective amount is equivalent to about 1" mg of nalortone
hydrochloride. In some embodiments, the therapeutically
efiieclive amount is equivalent to about 8 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
efl'ective amount is equivalent to about 9 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
effective amount is equivalent to about IO mg of naloxone
hydrochloride. In some embodiments, the therapeutically
efl‘ective amount is equivalent to about 11 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
effective amount is equivalent to about 12 mg of naloaone
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 phannaceutically active compound in said pharmaceu-
tical composition. In some embodinrents, 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 opi-
oid respiratory depression, altered level consciousness,
miotic 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-
tory depression is induced by opioids selected from: natural
and synthetic narcotics, propoxyphene, 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 l-ICI. hydrooodone hitartrate, hydromorphone. oxy-
morphone, meperidine. propoxyplrene, opium, heroin, tra-
madol, and tapentado].

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 effective amount of
an opioid antagonist together and at least one known phar-
maceutical agent. In some embodiments. the method corn—
prises nasally administering to a patient in need thereof
therapeutically efi‘ectivc 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 reflective amounts
of naloxone and naltrcxone. In some embodiments, the
method comprises nasally administering to a patient in need
thereof therapeutically elfective amounts of naloxone and
methylnaltrexone. In some embodiments, the method com-
prises nasally administering to a patient in need thereof
therapeutically efl'octive amounts of naloxone and nah-no
fene.

Also provided are devices, kits, and pharmaceutical for-
mulations tor, and methods of, reversing the psychotorni-
metic and dysphoric ell'ects of agonist-antagonists such as
pentazocine, comprising nasally administering to a patient in
need thereof a therapeutically efl'eetive amount of an opioid
antagonist selected from naloxone and pharmaceutically
acceptable salts thereof, wherein the therapeutically effec-
tive amount is equivalent to about 2 mg to about 1?. mg of
naloxone hydrochloride. In some embodiments, the there-
peutically elfective amount is equivalent to about 4.4 mg of
naloxone hydrochloride. In some embodiments, the them—
peutically effective amount is equivalent to about 4 mg of
naloxone hydrochloride djhydrate. In some embodiments,
the nasally administerhrg is accomplished using a devicedescribed herein.

Also provided are devices, kits, and pharmaceutical for—
mulations for, and methods of, diagnosis of suspected acute
opioid overdosage. comprising nasally administering to a
patient in need thcrenfa therapeutically effective amount of
an opioid antagonist selected from naloxone and pharma—
ceutically acceptable salts thereof, wherein the therapeuti~
cally efl‘eetive amount is equivalent to about 2 mg to about
12 mg of naloxone hydrochloride. In sonre embodiments,
the therapeutically efl'ective amount is equivalent to about 4
mg of naloxone hydrochloride. In some embodiments, the
therapeutically effective amount is equivalent to about 4.4
mg of naloxone hydrochloride dihydrate. In some embodi‘
ments, the nasally administering is accomplished using adevice described herein.

II)

1.5

20

25

30

35

45

50

55

60

65

36
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 efl'ective amount of an opioid antagonist
selected from naloxone and pharmaceutically acceptable
salts thereof, wherein the therapeutically eifeetive amount is
equivalent to about 2 mg to about 12 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
efiective amount is equivalent to about 4 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
efiective amount is equivalent to about 4.4 mg of nanxone
hydrochloride dihydrate. In some embodiments. the nasally
administering is accomplished using a device describedherein.

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 thereof a
therapeutically eflective amount of an opioid antagonist
selected from naloxone and pharmaceutically acceptable
salts thereof, wherein the therapeutically efiective amount is
equivalent to about 2 mg to about 12 mg of naloxonc
hydrochloride. In some embodiments. the therapeutically
ell‘cetive amount is equivalent to about 4 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
eflhrtive amount is equivalent to about 4.4 mg of naloxone
hydrochloride dihydrate. In some embodiments, the nasally
administering is accomplished using a device describedherein.

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 elleets of agonist-antagonists such as pentazocinc,
diagnosing suspected acute opioid overdosage, treating opi—
oid addiction, or treating septic shock, comprising nasally
administering to a patient in need thereof a therapeutically
etl'ective amount ofan opioid antagonist, wherein the thera-
peutically elfective amount is about 2 mg to about 12 mg. In
some embodiments, the therapeutically elfective amount is
equivalent to about 4.4 mg of neloxone hydmchlcride dihye
diate. In some embodiments, the therapeutically eli'ective
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 naltrexone, methylnaltrexone, and nalmefene.
and pharmaceutically acceptable salts thereof. In some
embodiments, the opioid anla goni 51 is naltrexone hydrochlo~
ride. In some embodiments, the opioid antagonist is meth~
ylnaltrexone bromide. In some embodiments, the opioid
antagonist is nalmefene 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, soda-
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-
phene, methadone, nalbuphine. pentazocine and butorpha-
no]. In some embodiments, the respiratory depression is

Copy provided by USPTO from the PIRS Image Database on ID-23—201 B

Naloxl 001

Nalox-l Pharmaceuticals, LLC

Page 28 of 43



US 9,775,838 BZ
37

induced by an opioid agonist selected from wdcinc, more
phine, methadone, l'entanyl, oxycodone lltjl, hydrocodone
bitartrate, hydromorphone. oxymorphone, meperidine,
propoxypbene, 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 ot‘medicaments for the
treatment ot'indications or one or more symptoms theroot‘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 are 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 single—photon emis-
sion computed tomography (SPECT) are noninvasive imag—
ing techniques that can give insight into the relationship
between target occupancy and dnig eflicacy, provided a
suitable radioligand is available. Although SPECT has ccr-
tain advantages (e.g., a long half~life of the radionuclides),
the spatial and temporal resolution as well as the labeling
possibilities of this technique are limited.

PET involves the administration to a subject of a 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
positmn-etnitting radionuclides. Positron-emitting radionu—
clides include “(2, ”N, ”o. 131:, ”Fe, “Cu, “Cu, “Ga,
”As, “Rb, ”Zr, ml, and ”‘1. Non-metal radionuclides
may be covalently linked to the targeting molecule by
reactions well knDWri from the state of art, When the
radionuclide is a metallic positron-emitter; it is understood
that labeling may require the use of a chclating agent. Such
chelating agents are well known from the state of the art.

The positron—emitter labeled compound is administered
directly, cg, IV, or indirectly, e.g,, IN, into the subjtxt's
vascular system, from where it passes through the blood-
brain barrier. Once the tracer has had sulficient time to
associate with the target of interest, the individual is placed
within in a scarming device comprising ring of scintillation
detectors. An emitted positron travels through the individu-
al‘s tissue for a short (isotopedependent) distance, until it
interacts with an electron. The interaction annihilates 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.

PET studies are useful for comparing nasal delivery of
naloxone using the devices and at the doses described
herein. to typical nasal doses ofnaloxonc (such as 1-2 mg),
to delivery of naloxone using other nasal devices (such as
the MADTM) and by other routes ofadrninistration such [M
or N naloxone or oral naltrexonc or nalmefene. Further
comparisons may be made between nasal administration in
the upright versus the lying or supine positions. Usefiil

38m m rm;
ma “5 flint man-b A

;v| mu- n "linu- n“ L" 2...-
e onenrrrned in such suture. all: in: nuI:

to onset of action, brain half-life, and the percent receptor
binding or occupancy of a patient’s opioid receptors, for
example, the p—opioid receptors in the respiratory center in

5 the medulla oblongata.
l“C]Carfentanil (CFN) is a p-opioid agonist used for in

vivo PET studies of u-opioid receptors. One such study
involved healthy male volunteers assigned at enrolment to
receive either naltrexone or a novel p—opioid receptor

to inverse agonist (GSK1521498) (Rabincr el al., PharmacoA
logical dgfi'rentr'ation of opioid receptor antagoniszs by
moiemior ondfimcrionar' imaging qftorget occupancy and
food reward—related brain activation in humans. Molecular
Psychiatry (201]) 16, 826-835). Each participant underwent

15 up to three [' 1(Tl-carfentani] PET scans and two functional
magnetic resonance imaging (MRI) examinations: one
[”C]-cart‘cntanil PET scan and one iii/[RI scan at baseline
(before closing) and up to two PET scans and one MRI scan
following oral administration of a single dose of

EU GSK152 | 498 or naltrexone. The administered doses of

GSKlS21493 or nalh'exone were chosen adaptively to opti-
mize the estimation of the dosecccupancy relationship for
each drug on the basis of data acquired from the preceding
examinations in the study. The administered dose range was

25 [14-100 mg for GSK1521498, and 2-50 mg for nailrcxone.
The maximum doses administered were equal to the maxi-
mum tolerated dose of GSK1521498 determined in the
first—in-humnn study and the standard clinical close of nal-
trexone used for alcohol dependence. The times and doses of

an the two post-dose {l'C1-carfentanil PET scans were chosen
adaptively for each subject to optimize estimation of the
relationship between plasma conoenn-ation and receptor
occupancy. Post-dose [' 'C]~carfentanil PET scans were
acquired at 3-36 h after the administration ol‘GSK1521498

.15 and at 3-38 h alter the administration of naltrexone. Post—

dose MRI 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—
perfonnance liquid chromatographyfmass spectrometryt'

40 mass spectrometry was used to estimate the plasma concen-
trations of GSK1521493, naltrexonc, and the major
metabolite of ualtrexone, b-B-naltrexul. Drug plasma con—
centration at the start of each PET scan was used to model

the relationship between drug concentrations and p-opioid
45 receptor occupancics. Carfentanil (methyl l—(Z-phenyl-

ethyl)-4-(phenyl(propanoyl)amino)-4-piperidinecarboxylate
33, SS: Advanced Biochemical Compounds, Radeberg, Ger-
many), a potent selective tr-opioid receptor agonist, was
labelled with caubon-l 1 using a modi bastion of a previously

50 described method implemented using a semiautomated
Modular Lab Mttltifiinctional Synthetic Module (Ecket‘l 8'.
Ziegler, Berlin, Germany). The final product was reformu—
lated in sterile 0.9% saline conlaining -—lO% ethanol (Vita)
and satisfied quality control criteria for specific activity and

55 purity before being injected intravenously as a slow bolus
over ~30 3. PET scanning was conducted in three—dimen-
sional mode using a Siemens Biograph 6 i-ii-Rez PET-CT for
the naltrexone group and a Siemens Biograph (a TruePoint
PET-CT for the GSK1521498 group (Siemens liealthcare,

60 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 min
after [”C]-t:arfentanil injection, binned into 26 frames (du-
rations: Bxlfi 5, 3x60 3, 5x2 min, 5x5 min and 5x10 min),

is reconstructed using Fourier re~binning and a twodimen-
sionalefiltered 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‘s Tl weighted anatomical MRI volume and
corrected for head motion using SPMS software (Wellcome
Trust Centre for Neuroimaging). Pro-selected regions of
interests were defined bilaterally on the Tl-weighted ana-
tomical volume using an in—house allas and applied to the
dynamic PliT data to generate regional time-activity curves.
The [‘1C1—oarientanjl-specific binding was quantified as
binding potential relative to the non—displaceahle compare
menl (BPND)

 

where 1'“, is the free haction of the radioligand in the brain,
K9 is the affinity of [“C]-carfeutanil, and BM", is file
density of the available n-opioid receptors Regional [11C]—
carfentanil EPA.” 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 [”C]—ca.rfentanil.

6dr“ —3 Na“
”pianistOccupanc YDN: =

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

0"DH!Occu am: - = —._._

P ”"8 cg”, + 5c”

The use of a sensitive non-tomographic positron detecting
system to measure the dose-response curve of naloxone in
human brain has also been reported. [”(IlDiprenorphine
was administered to normal volunteers in tracer amounts
and, 30 min later, various bolus doses of nalnxone were
given (1.5-160 pgjkg) intravenously and change in [”C]
diprenorphinc binding monitored over the next 30 min.
Approximately 13 pgflrtg of naloxone (approximately 1 mg
in an 80 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).
MEIichar et al., Naiarone displacement at opioid receptor
sites measured in vivo in the human brain. Euri Pharmacol.
2003 Jan. 17", 459(2-3):217-9).

in some embodiments of the devices, kits, pharmaceutical
formulations, and methods disclosed above, delivery of the
therapeutically ell'ective amount to the patient, provides
occupancy at tmax of the opioid antagonist at the opioid
receptors in the respiratory control center of the patient of
greater than about 90%. In some embodiments, delivery of
the therapeutically efl'ectivc 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
greater than aboul 95%. In some embodiments, delivery of
the therapeutically elfectivc amount to the patient, provides
occupancy at t...“, 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 I,"mt of the opioid antagonist at the opioid
receptors in the respiratory control center of the patient ofabout 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.

EXAisfl‘L ES

Example 1: Pharmacokinetics and Safety of
lntranasal Naloxone in Humans (Study 1)

A clinical trial was performed for which the primary
objectives were to determine the phannacoldnetics (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 identify an appropriate IN dose
that could achieve systemic exposure comparable to an
approved parenteral dose. The secondary objectives were to
determine the safety of IN naloxone, specifically with
reSpect to nasal irritation (erythema, edema, and erosion).

Methodology: This was an inpatient open-label, random—
ized, 3-period, 3-trcatment. 6—sequence, crossover study
involving 14 healthy volunteers. Subjects were assigned to
one of the ti sequences with 2 subjects in each sequence (2
sequences had 3 subjects). Each subject received 3 naloxone
doses, at single 2 mg 1N close (one spray of 0.1 mL of it)
mg’ml. solution in each nostril), a single 4 mg IN dose (2
sprays of 0.] ml_. per spray of 10 mgme solution in each
nostril) and a single 0.4 mg 1M dose, in the 3 dosing periods
(Table 1). Subjects stayed in the inpatient facility for 11 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 after discharge. After obtaining informed
consent, subjects were screened for eligibility to participate
in the study including medical history, physical examination,
clinical chemistry, coagulation markers, hematology, infec-
tions disease serology, urinalysis, urine drug and alcohol
toxicology screen, vital signs and electrocardiogram (ECG).
0n the day after clinic admission, subjects were adminis-
tered study drug 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 dosing
and approximately 2.5, 5, 10, 15, 20, 30, 45, 6t], IZD, 180,
240, 300, 360, 480, 3111720 min after the start of study drug
administration. (in days of study drug administration, a
l2-1ead ECG was performed approximately 60 min prior to
closing and at approximately 60 and 480 min post-dose. Vital
signs were measured pre-dose and approximately 30, 60,
lit], and 480 min post-dose. On dosing days, Ihe 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 lO-tnin period before the
nominal time of blood collections. At screening, admission,
discharge, and l'ollowvup, ECG and vital signs were checked
once per day. Vital signs were also checked once on the day
after naloxone administralion. Clinical laboratory measure-
ments were repeated after 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 laboratoryparameters.

Main Criteria for inclusion-”Exclusion: Healthy volunteer
adults with a body mass index (BMI) of 18-30 kglmh

Investigational Product, Dose and Mode of Administra-

tion: Naloxone given [N was at a dose of 2 mg (l squirt in
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each nostril delivered 0.1 mL of IO mgfml. naloxone) and 4
mg (2 squirts in each nostril delivered 02 ml .trtostril at 10
ngml. nalottone, using two devices). IN ualoxone was
administered using a Pfeifl‘er (Aptar) BiDose liquid device
with the subject in a fiilly supine position.

Duration of Treatment: Iiach 1N and 1M dose was admin—

istered once in each subject in random sequence.
Reference Therapy. Dose and Mode of Administration:

Nrtloxone was given ]M at a dose of0.4 mg in 1.0 mL with
a 23-2; needle as a single injection in the gluteus mash-nusmuscle.

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, 60, 120. 180, 240, 300, 360, 480, and 1‘20
min after the start of study drug administration. Non~
compartments] PK parameters including CM“, twwAUC to
infinity (AUCOM), AUC to last measurable concentration
(AIJC0_,), 11,2, hr, and apparent clearance (CUP) were
determined Values of tU2 were detemtincd from the log—
linear decline in plasma concentrations from 2 to 6 or 8 h.

Safety Evaluation: Ileart rate= blood pressure, and respi-
ration rate was recorded before ttaloxone dosing and at
approximately 30, 60, 120, and 480 min after dosing. These
vital signs and temperature were also measured at screening,
clinic intake. one day after each dosing session and at
follow—up. A Ill—lead ECG was obtained prior to and
approximately 60 and 480 min after each naloxcne dose, as
well as during screening. clinic intake, and follow-up. ECG
and vital signs were taken within the 10-min period before
the nominal time for blood collections. AEs were recorded
from the start of study-drug administration until clinic
discharge. ABS were recorded relative to each dosing session
to attempt to establish a relationship between the AI: and
type of naloxone dose administered. An examination of the
nasal passage was conducted at Day—l to establish eligibility
and at pre~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 ofclinic release.

Statistical Analysis of PK Parameters: Cm“, I...“ and
AUC for 2 and 4 mg IN naloxonc were compared with those
for 0.4 mg IM naloxone. Within an ANOVA framework,
comparisons of natural log (LN) transformed PK parameters
(CHM and AUC) for IN versus 1M naloxone treatments were
performed. The 90% confidence interval (CI) for the ratio
(INJIM) of the least squares means of AUC and CW“
parameters was constructed. These 90% (‘l were obtained by
exponentiation of the 90% confidence intervals for the

difference between the least squares means based upon a LN
scale. In addition, dose adjusted values for AUCs and Cum
based upon a 0.4 mg dose were calculated (Tables 45!). The
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relative extent of absorption (relative bioavailability, Fm!) of
intranasal (IN versus 1M) was estimated from the dose-
corrected AUCS.

Statistical Analysis of Adverse Events: AEs were coded
using the Medical Dictionary for Regulatory Activities
(MedDRA), version 1‘}. Preferred terms and are grouped by
system, organ, class (SOC) designation. AEs are presented
as a listing including the start date, stop date, Severity,
relationship, outcome, and duration.

Pharmacolrineties Results: The mean dose delivered for
the 2 mg IN naloxone dose was 1.21 mg (range 1.50 mg to
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 84-35% of the target
dose. The overall % coefficient of variation (% CV) for the
delivered dose from all 42 devices was 6.9% f fable 9).
Preparation time of the IN doses took less than one third of
the time to prepare the 1M injection (20 seconds for the 1M
injection and 20 seconds for the IN administration) (Table
:5). The time to prepare the 1M injection did not include
loading the syringe. Since the one pin-pose of the study was
to determine if peak naloxone plasma concentrations (Cam)
and AUCs following IN 2 mg and IN 4 mg administrations
were equivalent to, or greater than WI 0.4 mg dosing, AUCs
and CW“ values were compared without considering the
dose diflercnce among treatments. The Canaan AUCM, and
AUCuz for both the 2 mg IN and 4 mg IN 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 ngt'nlL, 3.96 ngme. and 0.754 ng’mL for IN
2 mg, IN 4 mg and 1M 0.4 mg, respectively. The geometric
least square means for AUCCM, were 3.32 ng-hi'mL, 5.47
ng-hImI.and 1.39 ng-hftnL for IN 2 mg, IN 4 mg and llvl 0.4
mg respectively. The geometric least squares mean ratios for
In 2 input 0.4 mg were 290% for cm and 239% for
AUC0_,,,. The ratios lor IN 4 mgt’IM 0.4 mg were 525% for
Cm“ and 394% for AUCOW There were no statistically
significant diflcrences between the routes and closes with
reSpect to tn“, suggesting peak effects would occur at
similar time: for all treatments. However. the mean In,“
values did trend lower for the IN route versus 1M, and for 4
mg IN versus 2 mg IN. (See Table 2). in comparing the
extent of systemic absorption of IN to IM dosing, the Fm,
estimates were 55.7% and 46.3% for IN 2 mg and 4 mg,
respectively. See Table 3.

Safety Results: No erythetna, edema, erosion, or other
sign was observed in the nasal cavity prior to or after any TN
administration of naloxooe at 2 and 4 mg to both nostrils.
One subject experienced mild transient (over 3 min) pha-
ryngwl pain coincident with the application of the 2 mg IN
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 QTcli prolongation.

TABLE 1—————_——_
()rrler of Nsloxone Doses and Route of Administration for each Sub'ch——————,_|__

Subject Sequence Dosing Session Dosing Session Dosing Semis-n
a D a at] Day l #2 Days to Day a-——__———__

1 102 S 4 mg 151 2 mg 1N 0.4 mg 1M
2 In? 6 0.4 mg 1M 4 mg lN 2 mg IN
3 I12 1 2 mg IN 4 0th 0.4 mg IM
4 ll? 3 0.4 mg [ml 2 mg IN 4 mg IN
5 120 I 2 mg IN 4 tngIN 0.4 mg IM
6 133 2 4 mgl'N 0.4 mg 1M 2 mglN
3' 127 3 0.4 mgIM 2 mng 4 mglN
5 I23 5 4 mg IN 2 mg IN “.4 mg [M
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Order of NnJoxone Dog and 3.9313, of Administrming F9; £391] .Suh'em.

Subject Sequence Dosing Session Dosing Session Dosing 3055101:
If ID 3 #1 Day 1 #2 Day 5 #3 Day 9—-—____—

9 133 2 4 mgIN {1.4 0131M 2 mgIN
10 11.3 4 2 mg W 0.4 mg 1M 4 mg 11":
11 11-1 1 2 mglN 4 013 IN 0.4 mglM
12 119 E 0.4 mg LM 4 mg TN 1 mg [N
13 125 4 2 mglN 0.4 0131M 4 mglN
14 135 5 4 mg [N 2 mg IN 0.4 mg I'M

TABLE 2 'l'ABLE 4
15 —.—.—_—

5100mm 0)" Naloxorle thnacokinmic Parameters Following
Salmon: as 0.4 mg lnu-amuscular (1M), 2 mg Intlauasal S‘tmistical Compmison 0f Gmmch Lcasl Squares Mean (GI.SM} of

—-—(—L—Mflm——IN”‘1 4 '“ mmm‘ Pharmamkinmic Parameters for EN Naloxonc a1 a
0.4 mg 1M 2 mg IN 4 mg [N Dust: (:FZ mg to D4 Naloxone at a

20 Do .4 ' x A 1mm
Parameter Mean % (JV Mean “4; CV Mean % CV SE of 0 mg mm 0 Dose ‘J "L—-—.—._...—_

"Dose {mg} 0.400 — 1.?14 5.? 3.403 5.? _ 2cm (nw‘mLJ 0.765 27.0 2.32 41.2 4.55 03.: GL5” 90"“
In“, (min; 20.34 36.1 19.93 31.!) 18.42 33.15 GLSM GLSM Raliu CI (If. '3 4

11:13.11]. 1'38 199 3““ '9'5 "63 215 25 Parameter 2 mg 1N 0.4 mg 1M lMJlN % Ratio pvaluxAUCOW 1.42 19.2 3.44 29.3 5.68 21.6 ——'—-—-—

“‘3 ' 1““) ‘ -' L 2 10 0.10 100 7. m31:11:10 0.593 10.0 0.508 0.572 8.0 10.2 L“ (Ham 1 ' ' 4 ‘ 23 353 “"011,... (h) 1.21 20.1 1.19 5.3 L22 10.2-—._.—__.—

30 1.“, [1:1 0.33.1 0.30% — 1.000
TABLE 3

Summary of Naloxone thacokinetic Panrnctcrs Fnllow'mg AUC‘“ 3'2“ US 243 219—270 {[100]Naloxone as 0.4 mg Intramuscular UM}. 2 mg Lnuanasa] 11m, 11an ling-Mum
4 mg l'N Asiminflmjons with Dose NormaJizod to 0.4 mg. 35

M m— -—E—4m m AUCM 3.32 1.39 239 215.204 <0.001
Paramexey Mean ”/3 CV Mean % (.‘V Mean “A, C\.-' [ng-h-'mJ..i

AUCo—uo n3 ' him]. 1.33 19.9 0.190 28.7 0.00."- 29.4

AUCMD 113- 1mm. 1.42 19.: 0.304 29.3 4" a qFm: 0.5-1.1 :45 [141,5 253 1|.) [1:] 1.18 1.19 10. 9411-111 0.6..07 

TABLE 5

Statistical Cnmpariwn of (“woman-1'1: Least Squares Mann (GLSM) oi
Pharmmkjnenc Pammetels for1.\I .‘ialoxonc 31 0 Des: of4 mp. 10 1M Nalnxone 01 1:

Drum- nflfl.‘ mg with No Dose- Adjustmcnl.

GLSM GLSM ULSM Ratio 90% CI of
1’meth 4 mg [N 0.4 mg IM lMa'l'N % Ratio p-vaiue——.—.—_—_
Cm. (rig-mm 3.90 0.154 525 431-040 <0.00|
.fiiUCo_,{ng-}v’lni.} 5.41 1.35 401 301-445 «1001
AUCa...» (ng-hmeJ 5.4? 1.39 394 355-436 «ODD!
11.2 (1:) I22 1.|9 I02 9411-111 0.051

TABLE 6

Sukisrical Comparison offieometric Least Squares Mean {GLSM} of
Phannamkjnctic meetels for 131 NaJuxnnc at a Dose 0” mg [0 IM' Naloxonc at 11

m3; MIL-1 mg with Dost 51me to 0.4 mg=

  QLSM (ELEM (118M .10 13% 1 u.
Pmmclcr 2 mg RC 0.4 mg [M [M-"iIN "/1: Ratio p—value——._—_—___
C.m.-D{ug;mL) 0.510 0.755 07.0 55.3—02.7 0.0021:
Lw (I!) 0.333 0.308 — — 1.000
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Statistical Comparison 01 Geometric Least Squarns Mean (GLSM) of
Phan-nacokmetic Funnretcrs for 11" Naloxorle nt 0 Dose 012 mg to [M Naloxone a1 :1Dose 010.4 m with Dos: Ad'uslment to 0.4 In1

 

GLSM GLSM GLSM Ratio 90% C1 of
Parameter 2 mg IN 0.41113 1M IM-"IN ‘Vn Ratio p-vslue—_—.—_.—_
nUCHD (ng-hfml.) 0.761 1.35 56.8 50.3—63.4 mom
AUCMD rug-111mm 0.775 1.39 55.1 50.0-52.1 c0.001
tmihr 1.18 1.19 99.3 913-103 0.8963

TABLE 11 mg. 4 mg (2 nostrils), 4 mg (l nostril). and 8 mg (2 

Statistical Comparison of (Tompnrisou of
Geometric Least Squarcs Mean (GLSMl Pharrnncokinclic

Parameteia I'm IN Naloxmrc at a Dose of‘i mg to ]M\laloxone at a Dose 0 .4 wid: Dose Ad'ustmem to 0.4 rm1
GLSM 90%

GISM (31.5341 Ratio Ci of
Purarnctcr 4 mg 131 0.4 mg TM ”WIN ".4: Ratio p-valuc

Cm,” [ny'mL] 0.466 0.735 61.7 50.5-13.5 <01!”
1...... 11:) 0.292 0.308 _. _ 0.41s
nucmm 0.6.1 1 1.35 4.1.: 42.2-52.1I 4.0.001
cash-n11.)
AlJCo.a.-r_> 0.044 1.39 415.3 41.5-5 1.15 60.001
frig-hr'ml.)
Wit.) 1.22 1.19 102 9.1.0111 0.651

TABLE 8 

to are the 1M and 1'_\' D r Administration.

Time sozonds1

 

1M Dose 2 1113 IN llnse 4 mg IN Dose——-——....—.._.
N 14 14 14

Mean .70 19 23
SD in 4 3

Medllfl 1‘3 19 23
Minimum :10 15 iii
Maximum 112 30 23

TABLE 9 

Estimated Di Dose Delivered to 1.1

dingDooe

 
2 mg Dos: First Second All DCViccs

Total Device Device 'l'ntal Total

N 14 14 14 14 42
Mean 1.69? 1.682 1.681 3.369 1.1589

SD 0.091" 0.1. 56 0.092 0.193 0.116
9'0 CV 5.7 9.3 5.4 5.7 15.9

Mcdiim 1.703 1.?11 1.704 3.410 1.110
Minimum 1.481 1.315 1.506 2.898 1.315
Maximum 1.338 1.524 1.803 3.61.6 1.533 

Example 2: Pharmacokinetics and Safety of
Intranasal Naloxone in Humans (Study 2)

A second sludy was undertaken to determine the pharma~
cokinetics (PK) and bioavailability 01' intranasally-dclivered
naloxone compared to inn-amuscularly-injccted naloxone.

Objectives. Specifically, the study had several objectives.
The first was: to determine Ihc plrarmncokinetics (i.e., the
9m, 1......“ AUCOH—nf and AUCM) of 4 intranasal dorms—2
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nostrilsJ—ol‘ naloxonc 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
mgme and 40 mg/mL) of IN naloxonc. The third was to
determine the safety of 1N 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. S-period, S—Imannent. 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
Ir-trnents during the 5 closing periods: a single 2 mg IN
close (one 0.1 mL spray of a 20 1113me solution in one
nostril), a 4 mg 1N dose (one 0.] rnL spray 01‘ a 20 mgme
solution in each nostril), a single 4 mg 1N dose (one 0.1 rnL
spray of a 40 mgfrnL solution in one nostril), a single 8 mg
1N dose (one 0.] rnL spray of a 40 mgfrnl. solution in each
nostril), and a single 0.4 rug 1M dose. Subjects stayed in an
inpatient facility for l 8 days to complete the entire study and
were discharged on the next day after the last dosc. Subjects
returned for a final follow-up visit 3 to 5 days after dis-
charge.

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

Inclusion criteria were: men or women 18 10 55 years of
age, inclusive; written inforrnod consent; BM] ranging from
18 to 30 lip/m2, inclusive; adequate venous access; no
clinically significant concurrent medical conditions; agrou-ment to use a reliable double—barrier method ofhirth control

from the start of screening until one week aflcr completing
the study (oral contraceptives are prohibited); and agreement
not 10 ingest alcohol, drinks containing xanthine >500
mgfday. or grapefi-uin‘grapcfiuit juice. or participate in
strenuous exercise ’12 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.c., blocked
andlor runny nose, nasal polyps, etc), or having a product
sprayed into the nasal cavity prior 10 drug administration;
taking prescribed or over-thc-countcr medications, dietary
supplements, herbal products. vitamins, or recent use of
opioid analgesics for pain relief (within 14 days of last use
of any 01' these products); positive urine drug test for
alcohol, opioid-r.= cocaine= amphetamine. mcthamphetaminc.
bonzmliachines, tetrahydrocannnbinol (TI-1C). barbiturates,
or methadone at screening or admission; previous or current
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opioid, alcohol, or other drug dependence (excluding nico-
tinc and calfeine), 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 5
least one hour prior to and 2 hours after naloxone closing; on
standard 12—lead ECG, a Q'l‘cF interval >440 msec for males
and >450 nisec for females; significant acute or chronic
medical disease in Lhcjndgmcnt of the investigator; a likely
need for concomitant treatment medication during the study; 10
donated or received blood or underwent plasma or platelet
apheresis within the 60 days prior to the day before study
commencement: female who is premnt, breast feeding, or
plans to become pregnant during the study period or within
one week after naloxnne administration; positive test for 15
hepalitis B surface antigen (HBSAE), hepatitis C virus
antibody (HL‘Wtb) or human immunodeficiency virus anti-
body (HIVZAb) at screening; and current or recent (within ‘1'
days prior to screening) upper respiratory tract infection.

Naloxone for 1M injection manufactured by Hospira was
obtained from a licensed distributor at a concentration of0.4
mgfm] .and was given IM at a dose of0.4 mg in ].0 mL with

20

48

480 minutes post-dose. On dosing days, the order of assess—
ments 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 the most important, and
if the collection was more than :1 minute from the sched-
uled time for the first 60 minutes of collections or more than
25 minutes for the scheduled time points.- thcreafier, this was
considered a protocol deviation. ECU 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
afier naloxone administration. Clinical laboratory measure-
ments were repeated after the last PK blood draw prior to
clinic discharge, Adverse events were assessed by sponta-
neous reports by subjects. by examination of the nasal
mucosa, by measuring vital signs. ECG, and clinical labo—
ratory parameters.

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

TABl ,F. 10 

Mean results from 28 healthy inib'ects.

One Spray - Two Sprays - One Spray - Two Sprays -
"I'm-re 2 mg 4 mg 4 mg B mg
(min) 2% (W-"t't TN 2% tut-W) IN 4% (w-‘vl IN 11% (Witt) [N 0.4 mg LM 

CI 0.000
2.5 0. l 75
5 0.382

10 2.1]
15 1M
20 2.39
30 2.53
45 2.17
60 1.88

I 20 0.8 23
ISO 0.390
240 0.315
300 0. l l'i'
360 0.0 68
430 0.031
120 0.009

(0.000) 0.000 [0.000) 0.000 {0.000) 0.000 tU.UUr.IJ (1,000 [0.000)
[0.219) 0.725 {0.1356} 0.2an (0.423) 0.580 (1.21) 0.0m [0.133)
[0.738) 2.63 (2.55) 1.50 {1.16) 3.?3 14.02) 0.305 (0.336}
[1.33) 4.60 [3.591 3.24 (2.21) 161 (5.28] 0.566 [0.318)
11.0.71 5.56 (2.20] 4.00 (2.241 0.02 (3.60: 0.678 [0.312)
[1.14) 5.82 {L741 4.51 12.30) 8.06 (2.50} 0.747 [02?!)
10.810) 5.15 (1.70] 4.50 (1.93) 139(1051 0.750 {0.190)
[0.636) 4.33 {1.16} “13 (1.37) 6.84 (1.69) [1.089 {0.1M}
[0.514) 3.69 (0.33?) 3.35 (1.1?) 5.345 (1.40) 0.610 (0.1.43)
10.335) L63 {0.6261 1.5? (0.13) 2.1i6 (0.92?) 0.354 10.10?)
[0.146) 0.th ((1.253) 033'] (0.412) 1.42 (0.43?) 11.227 {0.082)
{0.1001 0.432 (0.225) 0.412 (0.2l5) 0.791 (0.275) 0.135 (0.0515)
10.051) 0.243 (0.1231 (1.246 (0.143) 0.431 {0.166) 0.074 (0.0-1?)
{0.030) 0.139 (0.06?) 0.146 (0.0“) 0.257 (0.104) 0.040 (0.022
(0.014) 0.001s {0.033) 0.065 (0103) 0.122 (0.052) 0.013 (0,015)
(0.009) 0.027 [0.013) 0.0215 (0.019 ,1 0.05.1 (0.0251 0.001 {0.003) 

a 23-g needle as a single injection in the gluteus maximus 45
muscle. Naloxone for ]N administration was obtained from

Lightlakc Therapeutics. lnc.. Iondon, United Kingdom at
two concentrations of 20 mgr‘mL and 40 mgme, and was
given as doses of 2 mg (one 0.1 mL spray of the 20 mymL
formulation in one nostril), 4 mg (two 0.1 mL sprays of the so
20 mgr'ml. formulation in two nostrils), 4 mg (one 0.1 mL
spray of the 40 mgfml. formulation in one nostril) and 8 mg
(two 0.1 ml .- sprays 01' the 40 mg’mL formulation in two
nostril). 1N naloxonc was administered using an Aptar single
dose device with the subject in a Fully supine position.
Subjects were to be instructed to not breathe through thenose when the IN close 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 between doses until a1] 5 treatments were adminis-
tered. Blood was collected for naloxone PK prior to dosing
and approximately 2.5, 5, 10, 15. 20. 30, 45. 60. 120, 130,
240, 300, 360, 480 and T20 minutes after the sttu't of study
drug administration, into sodium heparin containing tubes.
On days of study drug administration, a 12-1ead ECG was
performed approximately 60 minutes prior to dosing and at 65
approximately 60 and 480 minutes post-dose. Vital signs
were measured pro—dose and approximately 30, 60, 120. and

SS

60

For pharmacokinetic analysis, plasma was separated from
whole blood and stored frozen at 5—20° (3. until assayed,
Naloxonc plasma concentrations were determined by liquid
chromatography with tandem mass spectrometry. Conju-
gated nnloxone plasma concentrations may also be deter-
mined. Non—colnparunental PK parameters including Cm“,
tn”, AUC0_,.,,,. AUCM. tn}, 1,, and apparent clearance
(CUF) were detennined. Pharmacoltinctic parameters
(me, tum, and AUCs) for [N nalox one were compared with
those for [M naloitone. rm, was from the time of adminis-
u-ation (spraying into the nasal cavity or IM injection). Dose
adjusted values for AUCs and Cm,“ were then calculated,
and the relative extent of intranasa] absorption (l'N versus
1M} estimated from the dose-corrected AUCS. Within an

ANOVA framework, comparisons of III—transformed PK
parameters (CM: and AUC) for intranasal versus IM nalox—
one treatments were performed. The 90% confidence inter‘

val for the ratio (INflM) of the geometric least squares
means of AUC and CM. paratneters were constructed for
comparison ofeach treatment with 1M naloxone. These 90%
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C18 Were obtained by exponentiation of the 90% confidence nasal administrations and an intramuscular injection. and in
intervals for the difienence between the least squares means Table 12, which sets 101111 the same PK parameters split
based upon an In scale. between the 12 female and 16 male healthy subjects. Results

Results are shown below in Table il,which sets forth the from a replication study conducted according to substan-
mcan plasma PK parameters from 28 healthy subjects (and tially the same experimental protocols arc shown in 'l‘able ll
% CV, in parentheses) of naloxouc following single intra- below.

TABLE 11

Mean Lssma PK ammeters From ‘38 Ib'ects.

One Spray- Two Sprays- One S‘pray- Two Sprays-

 

 

Parnrneter 2 mg 4 mg 4 mg 8 mg
[units] 2% (our) IN 2% (vs-11:1 IN 4% {um TN 4% tw-'v] In 0.4 mg 114

Cw [ngr'mlt 3.11 (311.3} 6.113 134.2) 5.34 [44.11 10.3 [38.8) 0.9er (31.51
Cmpcrmg 1.50 (315.3) 1.66 (34.2} 1.34 [44.1) 1.29 133.01 3.215 [31.5)

tnn’mLJ
t"... [111“ 0.33 [0.25. 0.33 [0.013, 0.30 {0.11. 0.33 [0.11. 0.42 10.05,)

[mcdiam range) 1.00} [1.50] 1.011] 1.00}. 2.00}
.ALIC,(Itg-|Itl_x11_l 4.81 [30.3) 9.82 {27.3) 8.28 [37.11] 15.9 [23.6) 1.79 [23.5)

AUG“; 4.315 [30.11 9.91 {27.11 0.111 [37.21 10.1 [23.3) 1.83 (23.0;
[1-13 - rrtL’h)

[\UCw—pcl mg 2.43 [30.1) 2.48 {27.11 2.22 [32.21 2.01 (23.3) 4.57 [23.0)
[ng - 1111.01]

Lambda '2 (llr'jjb 0.36155 0.2973 0.3182 0.3217 0.5534
Half-111cm)" 1.10 2.09 2.00 1.91 1.19

AUC % 1.09 [41.9) 1.01 {53.9) 1.06 {52.51 1.04 [78.” 2.33 [54.1)
Extrapolale
CUP (hit) 441 (24.5} 425 (22.3} 502 (31.2) 531 {21.11 230 [22.43

Relative BA ['16) 53.8 (22.21 55.3 (22.2] 49.2 [30.6] 45.3 125.1} 100vs. L\‘l

TABLE 12

Mean Iasma PK meters from 28 healthv suh'ects.

Our: 2% [vs-.I'v) Two 2% (WW) 0111: 4% twtv] Two 4% [w."v"1
Panunclcr IN IN —IN_‘ IN wL
(units) Female Male Female MaJc Female Male Female Male Female Male————_—_—_—.—_—

Cm tug-ml) 2.70 3.35 6.151 6.64 5.12 5.51 9.52 10.9 1.00 0.792
CM: pcrmg 1.39 1.68 1.156 1.66 1.25 1.35 1.19 1.36 2.64 1.9?-
("5-"le
rm [1])“ 0.33 0.33 0.33 U25 0.50 0.50 0.29 0.42 0.33 0.50
AUC. 4.23 4.37 9.31 9.82 2.9K 9.35 14.8 10.8 1.153 1.75
[ng - m]..-']1J
AUCW. 4.38 4.93 9.91 9.92 8.05 9.45 15.0 111.9 1.83 1.79
(113 “ll—'11]
AUCM 134:1 2.39 2.46 2.48 2.43 2.01 2.37 1,87 2. I2 4.69 4.47mg
{'18 ' mLFh]
Lambda 2 0.397! 0.3492 0.27911 0.3122 0.2940 0.33116 0.2.994 0.340? 0.6140 0.5152
[ht-"t"
Halfvlife (111* 1.50 1.110 2.113 2.03 2.12 1.93 1.90 1.91 1.08 1.23
ABC '11: 11.91” 1.I9 0.9515 1.02 0.970 1.I2 1.12 0.992 2.31 2.32
Extrapolm
CL'F [Uh] 449 434 419 431 555 462 558 49-1 222 236

In the tables above. the notation a indicates median
(range) is disclosed. and the notation 1: indicates harmonic
rnean is disclosed.

TABLE 13 

Geometric mean phmacnkinctic parameters [CV96] lblluwing intranasal
spray or intramuscular injection. 

One. Spray Two Sprays Um- 3‘prnv 'I'wo Sprays 01-11:: Injection
 Paramctcr 2% (W131) IN 2% [wn'v] IN 4% [vs-1v} IN 4% (Va-'1') l'N 0.4 mgIM

M (Uh) 0.382 {34.9} 0.310 [34.5] 0.334 [29.5) 0.3310 {32.4) 0.55? [25.9)
M {111 1.31 {34.9) 2.23 [34.5] 2.01: [29.51 2.10 (32.41 1.24 (25.9)
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more 13—continucd
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Geometric mean phanuacoklnctic paramclcrs (CV96) following intrunasal
spray or intramuscular injection.

 
One Spray Two Sprays ()ne Spray Two Sprays One Injection

Parameter 2% [wr'v] TN 2% {WV} [N 4% (w.-‘v] [N *1% (ct-7v] IN 0.4 mgIM

Immi- 0.33 (0.25. 0.33 (on, 0.50 (on, 0.33 (0.17. 0.38 time.
1.00} 0.57] 1.00] 1.00) 2.05]

cmtngr'mL) 2.92 (34.3} 5.20 (31.9) 4.83 {43.1} 9.10 (36.0] mm (30.5]
CWIa'Dose 1.46 (34.3] 1.55 (31.9] 1.21 (43.1] LEI (36.0] 2.19 (30.3“
[ng’mL’mg]
AUCW 4.51 (27.21 9.32 (24.0] 7.87 (37.4} 1.5.3 (23.0] 1.72 (22.9]
[h ' Jig-ml.)
AUCLu'Dose 2.25 (27.21 2.33 (24.0] [.97 (37.4] 1.91 (23.0] 4.29 (22.9]
[h ' ny'mLa'rllg)
ALCQE 4.56 (36.9] 9.43 (24,11) 7.95 (37.3] 15.5 (22.7] 1.76 (22.6]
[h ' ngunl.)
AUCDU’Dose 2.28 (26.91 2.36 (24.0] 1.99 (37.3] 1.93 (22.7] 4.40 (22.6]
[h ‘ ng."rnL"mg]
AUC To 1.06 (56.5] "9.15 (60.1] 0.965 (53.5] 0.963 (69.31 2.18 (57.5]
exmpulnled
CL‘F[1.:h] 438 (26.9} 424 (24.0; SEIJ {37.31 SIB (m; 127 (22.6]
Relah've BA 51.9 (21.7] 53.5 (22.51 46.7 [31.4] 43.9 (23.31 100
[°o] vs. 134
CW'Dose 66.6 (41.4} 70.7 [37.71 56.6 (47.5] 55.3 (41.4] 100
Ratio [IX \s
1M ('56) 
"Villas in parentheses Indicate milumnm and imxirrurn. not C" 9»

ABS were coded using the MedDRA, v. 19 preferred terms
and grouped by system. organ. class (SOC) designation.
Separate summaries will be provided for the 5 study periods:
after the administration of each dose of study drug up until
the time of the next dose of study drug or clinic discharge.
Listings of each individual All including slart date, stop
dale, severity, relationship, outcome. and duration wen:
provided. Results are given below in Tables 14 and 15. Table
14 shows the events related to nasal irritation—erythcma.
edema. other, and total—observed in the nasally-treatcd
group. Nasal irritation did not appear to bcpositively related
to the dose of naloxonc given.

TABLE 14 
Events rclalud tol

 Treatrlient Lry'themn Edema Other Total

2 mg (2% WIN, Ul'lC. quay] 4 2 7
:1 mg (2% wlv, two sprays) I 0 U l
4 mg (4% wlv, one spray] I 2 0 3
8 mg (4% wrv, two sprays] f) 1 U 1 

Table 15 slnws additional events related to administration
either nasally or intramuscularly. Overall, l'cw adverse
events were reported.

TABLE 15 
Naloxonc anuassl adverse events.

0.4 [E Intramuscular Due-c
Dizztncss 1
Headache l
Herman I
2 mg (2% wry, one spray-'1
Nasal Pain 1
3 mg (4% w.-'v, two sprays]

 

 

Headache l 

30

.15

40

45

50

55

60

55

Additionally, vital signs, ECG. and clinical laboratory
parameters did not reveal any clinically noteworthy changes
after naloxonc administration. there was no evidence ol‘
QTCF prolongation.

Example 3: Naloxone Nasal Spray Formulations
and Stability

Naloxone has been formulated as a disposable Luer-Jct
Luer-lock pro—filled injectablc syringe. Although not
approved as a combined product, this formulation is some—
times combined with an nasal atomizer kit product, com—
prising l mgfml naloxone hydrochloride as an activc agent.
8.35 :11me NaCl as an isotonicit},r agent, 1101 q.$. to targel
pH: and puri ficd water on. to 2.0 m1. Bcnzalkonium chloride
may be added as a preservative and supports the stability of
a multi-dose product. Such syringes, while functional, can
be difficult to use by untrained personnel, and deliver a largevolume of solution.

Examples ofa 10 mgme, fonnulatiou are given below in
Table 16.

 

 

TABLE 16

[D mg’rnl. nalomne inmasaf formulation.

Ingredient Quantity per unit Function

Nalnxonc hydrochloride 10 mgiml Active ingredient
Sodium chloride 1.4 mgr'ml Isolonicity agent
Hydrochloric acid q.s. to target pH Acidifying agent
Benzalkcnium chloride OJ ntg-‘ml Pmmative-‘Enhantxr
Purified water cps. Solvent 

Literature data has indicated that naloxone is sensitive to
environmental factors, such as air, light and colors in certain
vials, which may induce a risk for degradation. Conse-
quently disodium edetatc was added to the above formula~[1011.

Pharmaceutical compositions comprising naloxonc
hydrochloride [1, 2. or 4% wfv, i.e., 10, 20. or 40 111ng
were stored at 25" C. and 60% relativc humidity or 40° C.
and 75% relative humidity in upright clear glass vials (200
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 ,1.-... r.“.11ch The 2%a “1.1.94: {my}
compositions were also tested at 40° C. and 1.5% relative
humidity. Vials of the 1% (wtv) compositions were either
nude (Batch 1), or mounted in the Pfeiifer BiDose device
(Batch 2). In addition to naloxone hydrochloride, the phar—
maceutical compositions further comprised water. ben7a|ko-
nium chloride, and disodium edetate. The vials were assayed
at 0, 1. 3, 6. 9, andfor 12 months for naloxone content using
a high—prawn: liquid chromatography method. Naloxone
was analyzed at .01] stability station using a validated (as
per the International Conference on Ham-ionisation Guid—
ance QZIRII (ICH Q2IR11) reverse phase high pressure
liquid chromatography (RP-HPLC.) method and ultraviolet
(UV) detection. The chromatographic system used a
C6—pheny1 chromatography column at a [low rate (110.8
mumin and a column temperature of 40° C. The injection
volume was 10 111.; the gradient NB 60.140 to 40160; the
mobile phase A 25 111M sodium phosphate at pH 6.8; the
mobile phase B: 100% acetonitrile. The ultra-violet detector
wavelength was 229 nm and the motion: was 20 min. The
assay data in Table 18 were generated over the course of
development. The 25° Cr'filF/o RH experiments were con-
ducted with clinical bateMs and the 40° C.117qu RH 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 Tabla 1? and 18 below.
that these pharmaceutical compositions are storage—stable
for at least 9— 1 2 months at 25° C. and 60% relative humidity.

TABLE 11

1% :w-‘v: Nalmtone 519mg; figbilig.

%_

 

 

 

Batch 0 3 5 9 12

1 99.3 100.1 100.3 101.2 91.9
2 99.5 1112.3 99.4 98.6 N1)

TABLE 13 

2% and 4% jwfv} Naloxone storage stability.
Temp. 1% Nit-101cm;

 

relaLive colic. 1% Naloxone stability {assay % of Lagga amount}
humidity w-‘vJ Initial 1 month 3 month 15 month 12 month

40° C. 1‘ 103.5 103 99.3 100.4
15% R11 4 105.8 103.4 102 100.?

I0

15

20

25

.10

35

d5

54
TABLE Its—continued
 

2% and 4% (wtv) Naloxone storage stability. 

Temp. at Naloxone

relative bone. 1% ano'xone stability [assay % of target amount] 

humidity wry} Initial 1 month 3 month 15 month 12 month
-——_——.__

25" C. 2 101.: I043 102.4 101.6
60% RH 4 10|.3 101.3 102.9 101.9
 

Examples with the 20 and 40 mg-‘ml. formulations are
given below in Table 19, along with an example ofpermitted
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 (Table
20].

TABLE. 19 

"Naive month naloxone storage stability.
Concentration

20 mgml 40 mgfml

 

Quantity Quantity
per unit per unit

Quantity dose Quagrin- dgge -.
Component per ml {100 111] per ml (101) 11]] \ariation

l

 

Naloxone HCI 22.0 mg 2. 2mmg 44.11 mg 4.4 mg 90.0-
dihydrate {20.0 mg} -12.|)m3.t {40.011131 (4.0 mg) 110.0
{correspondingto nalnxnne
l-ICl]
Benralkonium 0.1 mg 0.01 mg 0.1 mg 0.01 mg 90.0-
Cltloride 1 10.0
Disodium 2.0 trig (1.2 mg 2.0 my: 0.2 mg 80.0-
edctatc 130.0
Sodium 7.4 mg 0.14 mg 7.4 mg 0.14 mgchloride

Hydrochloric Adjust to Adjust to Adjust to Adjust lo pH 3.5-
acid. dilute pH 4.5 pH 4.5 pH 4.3 pH 4.5 5.5
Purified :15. ad 1.11 (1.5. ad [00 q.s. ad 1.0 11.3. ad 100
water ml 1.11 m] pl

TABLE 20

Six month naloxone storage shindig.

 

Sample age-—-—-—_..—..___
Initial 1 month 3 monm 6 month

(‘16 TD] 1% TD} 1% TD} [‘16 TD]

2% (wa'v‘i Uniform] dose 1.} 102.0% 1) 99.9% 1} 99.5% 1} 101.1%
Stored upright delchry 2] 96.7% 2) IU3.3'% 2] 101.620 2) 100.4%
at 25‘ (3., 60% 3] 101.6% 3) 102.1% 3] 98.5% 3] 99.8%
relative 4] 101.1% )- IUI.?% 4] 100.0% 4'] 97.2%
humidity SJ 98.5% 5'1 95.8% 5'] 99.4% 5‘] 100.5%

6) 101.0% 0| 98.6% 6} 915.6% 6) 96.8%
7; 1011.611. 7’] 93.9% 7) 102.5% ‘1) 93.3%
8) 101.4% 8] 98.1% B) 97.0% B) 102.0%
9) 100.0% 91 99.2% 9) 102.6% 91 915.9%

10) 99.2% 1.0] 100.5% 10) 100.15% IO} 102.4%
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55 56
‘I'ARLE 20-cuulinufld

5i): maul]! IIEJDXOE mag; flabllfl'.

Sample agc

Avg. 100.3% 100.1% 99.9% 99.1%
Mean pump delivery 101.3 mg 101.0 mg 100.8 mg 100.6 mg
3 cm mean uvality ratio 1.180 1.230 1.522 1.516
6 cm mean ovality 13110 1.383 1.336 1.037 1.164
3 cm spray mean Dvl9U} 155.110.th 55.84 wn 73.0? pm 69.13 pm
3 cm spray mean span [.4251 1.300 1.512 1.44?
3 cm spray mean %<10 pm [342% 1.982% 1.637% 0.269%
6 cm spray mean W90} 62.01 pm 65.60 pm 66.95 pm 561.81 pm
demapray mean span 1.103 1.03? 1.210 1.155
6 cm spray mean %¢~10 urn 1,1114% 1.799% 1.625% 1.634%

2% [wfvl Avg. %TD often actuations 100.3% 99.9% 98.3% 100.0%
Stored inverted Mean pump delivery 101.3 mg [00.8 mg 99.2 mg 100.9 mg
at 25" C. 60% 3 cm mean uvali'ty ratio 1.180 1.210 1.214 1.159
relatiw 6 cm mean uvality ratio [.383 1.421 1.351 1.442
humidity 3 cm spray mean Dv(90] 65.40 pm 09.60 pm 68.33 pm 70.05 urn

3 cm spray mean span [.420 1.423 1.509 1.49]
3 cm spray mean %¢10 pm Lid-2% 1.543% 1.637% 1.218%
6 cm spray mean W90] 62.01 pm 62.96 tun 65.51 pm 60.02 pm
6cm spray mean span 1.103 1.1.13 1.217 1.121
IS cm spray mcart ‘l’u<10 um 1.734% 1.823% 1.400% 1.152%

Initial 6 month 12 month
{‘33 TD] [‘56 '11)} [‘36 TD)-—————.—_

4%(wr'v1 Uniform dose 1] 113.2% 1) 98.0% 1) 99.4%
Stored upright delivery 2] 91.3% 2] 98.2% 2,1 101.1%
at 25° C.. 60% 3] 96.1% 3] 98.1% 31 103.3%
relative 4] 99.4% 4] 101.5% 4] 95.6%
humidity S] 93.8% S] 96.4% 5) 99.1%

6} 90.3% 01 98.0% 6) 103.15%
T] 100.2% '1] 97.7% '1') 102.7%
8] 101.3% 8) 97.906 5) 100.8%
S‘J 99.5% 9] 91.3% 9,1 101.5%

10] 99.1% 10) 98.4% 10) 100.1%
Avg. 99.11% 93.21% 101.62%
Mean pump delivery 100.2 mg 103.1 mg
3 cm mean ovaliry ratio 1.511
6 cm mean ovality ratio L435
3 cm spray mean Dv(90] 00.56 pm
3 cm spray mean span 1.680
3c.mspray mean %<10pm 1.135%
5 cm spray mean DVt9U) 66.27 pm
6 cm spray mean span 1.1.31I
6 cm spray mean 9114110 um 1.325% 

Tho nalo'xone hydrochloride nasal spray above is an
aqueous solution which may be presth in a Type 1 glass
vial closed with a chlorohutyl rubber plunger which in turn
is mounted into a unit—dose nasal spray device (such as an
Aptar UDS liquid Unitl)ose device). The solution should be
a clear and colorless or slightly yellow liquid. In certain
embodiments, the device is a non~pressurimd dispenser so
delivering a spray containing a metered dose of the active
ingredient. in certain embodiments, each delivered dose
contains 100 nL.

The droplet size distribution (was investigated as a func—
tion of device age and storage according to established and 5s
validated testing methods. A Malvern Spray ch 2.0 with
automated device actuation was used for determining the
droplet size distribution of Naloxone Nasal Spray. Spraytec
laser diffraction system allows measurement of spray droplet
size distributions in real—time. Droplet Size Distribution: As 60
reported from the Malvcm Spraytec. the distribution is a
cumulative volume distribution characterized by the Dv(10)_.
DV(50), and Dv(90). %<10 um, Data concerning droplet size
distribution are summarized in Tables 21 and 23.

The spray pattern is the shape of the plume when looking 65
downward on the nasal spray unit as the product is emitted
from the nasal spray unit. Spray pattern was also investi-

4s
gated as a filnction of device age and storage, Ovality is the
ratio ofDmufme where 1),,” and 0...... are the length ofthe
longest and shortest line respectively in m that passes
through the weighted center of mass drawn within the
parameter of the spray pattern. A SPRAYVJEW, from
PROVERJS measurement systems, was used to measure
spray patttnn and plume geometry. Both the Sprayview and
Spraytec systems have been validated. Data concerning
spray pattern are summarized in Tables 22 and 24. The
procedures of these tests comply with the testing oontainod
in the FDA’s Guidance for Industry (“Nasal Spray and
Inhalation Solution, Suspension, and Spray Drug Prod-
ucts Chemistry, Manufacturing, and Controls Documenta-
tion," July 2002).

TABLE 21 

 

Dre :1 " ' ihution from 2 m nal e intranesal device

Batch Storage Storage temp
it orientation (° C.) Dv(90,t (pm) “A: < 10 pm

3 cm spray 1 horizontal 25° 20.8? 1.215
2 inverted 25° 70.05 1.21 11
2 upright 25° 59.13 0.260
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57 58
TABLE 21430.1“an Pharmaceutical compositions comprising naloxone

hydrochloride (1% wfv) were tested for stability in room
DI“ [El 5m dihtn'bulia l c int-WWI “Mice- temperatureflight conditions, room temperature-“dark condi—

tions and in 25° Cffifl% Rll (protected from light). It wasBatch Stora Stern tern _ ‘ ‘ ‘ y ‘ . _ .
at orientnEleOn (“9:11 P Demo} {pm} 04. 4-.- 10 um 5 tested for pH, purity, and impurities at an in1tia] t1rne point, 

2 months and 10 months. Results are given in Table 25.

 

 
 

 

 
 

3 inverted 40“ 66.74 1.533
3 upriflir 25’ 612 1.!12 .. .
3 upright 40- 67.:- 1.112 [ABLE 25

6 cm Spray 1 horizontal 25“ 63.74 1.64? . _ _
2 inverted 25:. 69.02 [3‘52 10 Naloxone no e stabtlrt.
2 upright 25" 64.81 1.634 _ .
3 imerted 40° 66.52 1113 . T” A“? '"".’“_"'
3 uprigm 25" 69.36 11311 mi“? mm“! W" °f. ”3"“ ‘1“
3 upright 40° 69.36 0.??? condition [months] Appearance pH claim) (urea %J

Initial Clear, colorless 4.5 101 Not
15 solution detected

25° (156(sz RH 2 Not analyned 4.5 Not Nor
TABLE 22 analyzed analyzed

10 Clear, colorless 4.5 95 0.3
S rav mun from 2 m nalomm intranazral device. solution

Room 10 Clear. yellow 4.4 92 1.3
510,333 Storage temp 20 temperantre.-'ligh1 solution

Batch p orientation {n C.] Ovalily ratio Room 10 Clear. colorless 4.5 9? 0.3temperature-Kink solution
3 cm spray 3 int/lined 25° l.lt55

3 inverted 40” 1.251"
.1 upright 443‘I 1.303
3 Uplishl 4“" 1-2“ 25 Example 4: Reliability of Use by Untrained3 upright 40" 1.308
4 inverted 25" 1.054 PBI‘SODJIB]
4 upright 25" 1.153 _ _ . . .
4 upright 35° 1.2u4 The intranasal delivery provtdes a quick, Simple and

6m spray 1 invrnucl 25° 1M4 effective solution for those bystanders, friends or family3 inverted 40° 13M - - - . .
‘ members that are n to ve aid 10 an overdose

3 inverted 40° 1.041 30 .- . 111 a posrtro gr
.1 upright 40° 1.33 “mm . _ . . _3 upright 1.187 Qualltative Study which cons1sted of 3 consecutive and
4 melted 23‘ 1-304 iterative Human Factorsflabel Comprehension Pro—Tests,
4 upright 25" 1.357 W v . . -. - enod to assess the ahlli of
4 upright 23, 1.59 as conducted 0 er a 5 day p ty35 subjects to understand the labelling (Patient Insert and Quick

Start Guide ((350)) and to demonstrate simulated use of a
naloxone nasal prototype device.

TABLE 23 The purpose of this testing schedule was to learn and
_ _ _ adjust the labelling and materials in an iterative and accel-

Droplet 812.0 distribution From 4 mg naloxon: Intransiul dfl'lCB. 4‘0 erated manual: The objectives [if the study were:
5mm? Sturdy, “mp To evaluate the subject‘s ability to correctly demonstrateBatch r uricrilatinu {t (3.1 Donn) rpm) % <' 10 pm the steps for evaluating a patient for the medication, admm—

istering the medication. monitoring the patient and, if appro-

 

 

 

3 cm spray horizontal 25° 5'03? 1.215

 

 

 

: inverted 25.. 7335 0.524 pit—lime, giving; a) second dose, as instructed in the Q80't u n” t an“ 16.74 1.032 as union acors ;

3 iniecrihcd 4151‘ Has 1.45? To evaluate the subject‘s ability to comprehend key
6 9'“ SWW 1 horizontal 25' 55-74 1-6“ messages in the Patient Insert (Comprehension);

g fig? i3: 33-33 1-3;": To assess the study flow and study tools (Self—Adminis—
3 ifwmd an; 69:94 1:599 tamed Questionnaire and Observer (Thoclrlist)._ _

50 To evaluate 2 different labelling verstons tor clarity.
Post the qualitative studies the device and label were

validated in quantitative studies
TABLE 24 Two human thctors validation studies were conducted in

a general population (GP) of individuals 12 years ofage and
w—_ older. Formative research was completed in advance of the

my mum: [mp ’5 validation work in order to nptirnizeythe labeling and help
Batch 5, Miami“ (u C} mam}, mic mfonn Ihe study des1gn. The vahdation studies were con—

ducted in order to evaluate the ability of subjects to correctly
3 cm Spray 1 upright 95f 1.511 complete 2 critical tasks (insert nozzle into nostril and press

3 ”“9“ 40'. 1-557 plunger to release dose into nose) from the Quick Start3 inverted 25- 1.159 .

3 upright at? 1.215 5” Gurde (Q56) , .3 Luvcncd 40: 1.4% Study 1: l'he first study evaluated two devrccs. With two
6 cm spray 1 upright 25= 1.4.15 units contained in the kit to be administered 2-3 min‘

2 iiprinit fo==1.428 mes apart.
3 1:53;: 2:] iii: Study 2'. The second study evaluated a single device.
3 invert“; 4139 1075 65 Additionally, comprehension of key elements of the 

Patient Information (PI) section of the Prescribing Informa-
tion was also evaluated. The design for the Study 1 inlhrmod
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59 60
the design of the Study 2', the primary endpoints and findings of these two studies are summarized in Table 26
protocols for the studies were very similar. The methods and below.

TABLE 26——————.—.—___—_—
Reli ' ' of intranasai ministration trained. emonnel.

COMPARATIVE KI'UDY CRfl'ERlA Study] Study 2———-—-—_—.—._.—_
Methodology Study Population-General Population, 12 years ol'ltgc and older a I!

Study population included subgroups ol'Jow literate subjects a V
[—25%] and adolescent subjects ages 12-l‘l' («25%).
None of the subjects were provided with any training on how to a u!use the device.
included 'Study Arms‘: 

Ann 1 [KL-vim 056 in Advance): Subjects were presented with Both Ami 2 only
the Quick Slarl Guide to review prior to the demonsuatinu Arm 1. (ti - 53)
Arm 2 [Do not rcv'icw 086 in Advance): Subjects were the- (n - .12) &sented
with a ‘worst case' scenario in which they had to use and inter- Arm 2prct
the labeling at the time of an emergent situation, such as finding [11 - 31]an
individual unconscious.
FEM Objectives (Human Factors}—

correct completion of die critical tasks: v v
insert mode into nostril (fast: In)
Press plunger to release dose into nose (Location-
Tssk 2b; Dose ReleasedATaslt 2c)
Success Threshold flower bound ofthe 95% exact confidence 69% 73%
interval] for combined critical tasks completion
Secondary Objectives [Human Factions):

Check for response [Task 18,) I}; a!Call 911 (Task 33]
Move to Recovery Position afier administering dose [Task 3b}
Ptimai'y Objeclivee (Comprehension):

Product indication (product use} {(3.1) if u
Product indication (”radical treatment) [Q.2}
How NASAI. should be used (on)
Get emergency medical help after using Nat-ml. [QGJ
Signs ofopioid overdose [0.7)
Potential withdrawal symptoms alter use of NASAL [(2.4)
Secondary Objectives [Conwrehenaionh

Whether NASH]; can be used for overdoses not caused by V v
opioid-s {on
when a patient should call; to ahealrhcare provider before use
((2-5)
who should not use the product tQS']lnciusion Criteria: 

The following inclusion critten'a applied to sit participants: if c
1‘ The subjeo was male or female, ofany race.
2. The $1th was 12 years ofage or older
3. The subject must have been able to read, speak and micr—stand
Enflish suflioicntiy to understand the nature cilia: study
procedures.
4.1“ the study site. the subject must have agreed to follow the
specified instructions and procedures and must have voluntarily
signed the (:DA and the Informed Conscnthssent form.
If the subject was less than 13 years of age: a parent-guardianmust.
have been present to sign the Consen‘U'Assent tom and give
permission for adolescent to panicipate.Exclusion Criteria: 

The following exclusion criteria applied to all participants: if i
1. The subject had ever been trained or employed as a healthcate
professional [physician nurse, nurse practitioner. Dhyxiciau
assistant. or pharmacist].
2. The subject or anyone in their household currently worked fora

marketing, marketing consulting, or marketing research company.
an advertising agency or public relations firm. a pharmaceutical
company, a plimlacy, a managed care or health insurance
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TABLE 26—continuod

62
 

Reliabilin ofinlranasai naioxone admjnjim'gn DI untrained Emanuel.
COMPARATH’E STUDY (IRITEJLLA Studyl Study 2 

company as a healtbcare professional, a henithcare practice, or a
public health agency such as Health and Human Services or theFDA.
3. The subject had. or could not remember if he-‘she had.
participated in any clinical trial, product label study or
market research study in the past twelve {11) months.
4. The subject nomaily were nonnative lenses, contacts orses
to read and did not have them with them.
5. The subject had any odier impaimenl that would prevent
hb-ru'her from being able to read on hisa'her own.Results

Success Threshold met
[Correct perfume ofboth critical tasks}
Insert nozzle into nostril (Task 211]
Press plunger to release dose into nose
[Location - Task 2b: Dose Released - Task 2:]
Secondary Objectives (Human Factors): 

Two ofthree objectives tested across both waves soured hiyterthan lfl‘lt'o PE:
Check for a Response (Task la}
Immediately Cal] 911 (Task 3a)
Move to Recovery Position (Task 3b] scored lowest acres both
waves, particularly for subjects who rliti not review the Q55nor

ijo the demonstration
Primary Objectives (Comprehension):

4 objectives scored 90% PE or higher-across both waves:
Q.1 - Product Indication (product use}
(2.8 - HOW SASAL should be used
Q6 - Necessary to get emergency medical help after usingNASA].
(2.? - Signs of opioid overdose
objectives scored 17% PE or higher across both waves:
QA - Potential withdrawal symptoms alter use of NASA].
(2.2 - Product Indication (medical treatment]
Exploratory Objectives - (Combustion):

Scores were relatively consistent across study waves:
(2.3 - Whether NASA}. can be used for overdoses not caused
by opioid:
(2.5 - When a patient should talk to a healthcare
provider before use
QB - Who should not use the product

PriEfl Obit-coves [Human Factors):
Yes-both Yes—

arms above above
69% LE T395 LB
threshold threshold

a n v

If it!

scares Scores
ranged rangedfrom from

79511-9236 Toss-93%

 
8 Also included 2 additional ucoodary human factors ochat'ma [Wail 2-3 minutes and assess elfectiveness of [st dose.
headminism' using I new urnt (it‘neerlsdfl: these were not appliwble for Study 1.b Study] included two addiliunal secondary lumen factors objectimWait 2-3 minutes and asses» Cirfldlrlflrlfi of lst dose
(link 4:]; Etc-administer using a new nut (if needed; (Task 4c}. Subjects who reviewed the QSG mm die demonstration
served directionaliy kosher man subject; who did not for the actions relaled to these objectives.

Conclusion:

Subjects demonstrated the ability to correctly perform so
both critical tasks and performed better than the success
threshold in both studies (Study l—Arm 1: 90.6% PE,
74.98% LB; Study l—Arm 2: 90.3% PE, ?4.25% LB; Study
2: 90.6% Pli, 79.34% LB), to use the device and deliver a
dose of the medication safely and efl‘ectively without any 55
training, and with no prior review of instructions. Subjects
did not demonstrate two secondary tasks as ably; only 59.4%
ofArrn 1 and 54.8% of Arm 2 correctly administered the
dose within 2-3 minutes of the first dose, and 80.0% (Arm
1) and 10.0% (Arm 2) correctly administered a second dose. 50
Comprehension scores were also very high for the mail
critical comprehension objectives [product indication [medi-
cal treatment], product indication (product use), get emer-
gency medical help after using product, how product should
be used, Sign of opioid overdose]. The results suggest that as
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 set-forth above is provided to aid
those skilled in the art in practicing the present disclosure.
However, the disclosure described and claimed herein is not
to be limited in scope by the specific embodiments herein
disclosed because these embodimenls are intended as illus-
tration of several aspects of the disclosure. Any equivalent
embodiments are intended to be within the scope of this
disclosure. Indeed, various modifications ofthe disclosure in
addition to those shown and described herein will become

apparent to those skilled in the art from the foregoing
description, which do [:01 depart from the spirit or scope of
the prescnl inventive discovery. Such modifications are also
intended to fall within the scope of the appended claims.

This application incorporates by reference the discloaures
of patent applications no. US. Ser. No. 614953.379, f'dod
Mar. 14, 2014; US. Ser. No. 14.365933, filed Mar. 15,
2015; PCTJ’UB2IJISi’00094l, filed Mar. 16, 2015; U.S. Set.
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No. 62l022,268, filed Jul. 9, 2014; U.S. Ser. No. l4l'l95,403.
filed in]. 9, 2015; and PCTJ'USISFB‘QHO, filed Jul. 9, 2015.

What is claimed is:

l. A method of heating opioid overdose, the method
comprising:

deliveringa 25—200 pL spray ol‘a pharmaceutical solution
from a pre-primed device into a nostril of a patient,

wherein the device is adapted for nasal delivery,
wherein the spray delivers between about 4 mg and about

10 mg naloxonc. an isotonicity agent, and between
about 0.005% and about 0.015% {wlv) of benmlko—nium chloride.

2. The method of claim I, wherein the spray delivers
about 4 mg naloxonc.

3. The method of claim 2, wherein the spray delivers
about 100 pl. of the pharmaceutical solution comprising:

about 4% (wlv) ualoxone hydrochloride;
about 0.74% (we’v) sodium chloride;
about 0.01% (wily) bemlkonium chloride; and
about 0.1% {wfvj disodium edetate.
4. The method of claim 1, wherein the spray delivers

about 5 mg naloxone.
5. The method of claim 1, wherein the spray delivers

about 6 mg naloxone.
6. The method of claim 1, wherein the spray delivers

about 7 mg naloxone.
T. 'lhe method of claim 1, wherein the spray delivers

about 8 mg naloxone.
8. The method of claim 1, wherein the spray delivers .

about 9 mg naloxone.
9. The method of claim 1, wherein the spray delivers

about 10 mg naloxone.
10. The method of' claim 9, wherein less than about 5% of

the pharmaceutical solution leaves the nasal cavity via
drainage into the nasopharynx or externally.

11. The method of claim 9, wherein less than about 20%
of the pharmaceutical solution leaves the nasal cavity via
drainage into the nasopharynx or externally.

12. The method of claim 11, wherein less than about 10%
of the pharmaceutical solution leaves the nasal cavity via
drainage into the nasopharymt or externally.

13. The method ofclaim 1, wherein the Spray is delivered
as a round spray plume with an ovnlily ratio less than about
2.0 when measured at 3 cm.

14. The method of claim 13, wherein the ovality ratio isless than about 1.2 when measured at 3 cm.

15. The method of claim 14. wherein the ovality ratio is
less than about 1.1 when measured at 3 cm.

16. The method of claim 13, wherein the ovalin ratio is
less than about 1.5 when measured at 3 cm.

17. The method of claim 16, wherein the ovality ratio isless than about 1.3 when measured at 3 cm.

18. The method of claim 1, wherein the patient is an
opioid overdose patient or a suspected opioid overdose
patient.

19. The method of claim 18, wherein the patient exhibits
one or more symptoms chosen front: respiratory depression,
central nervous system depression, cardiovascular depres-
sion, altered level consciousness. miotic pupils, hypoxemia,
acute lung injury, aspiration pneumonia, sedation, hypoten-
sion, unresponsiveness to stimulus, unconsciousness,
stopped breathing, erratic or stopped pulse, choking or
gurgling sounds, blue or purple lingemails or lips, slack or
limp muscle tone, contracted pupils. and vomiting.

20. The method of claim 19, wherein the patient exhibits
respiratory depression or cardiovascular depression.
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21. The method of claim 2|], wherein the respiratory
depression is caused by the illicit use of opioids, or by an
accidental misuse of opioids.

22. The method of claim 18, wherein the patient is free
from respiratory depression for at least about 2 hours
following treatment comprising delivery of the therapeuti—
cally e':.'ective amount of the opioid antagonist.

23. The method of claim 18, wherein the patient is free
from respiratory depression for at least about 6 hours
following treatment comprising delivery of the therapeuti-
cally effective amount of the opioid antagonist.

24. The method ofclaim 18, wherein the device comprises
a reservoir not more than about I40 pl. in volume.

25. 'lhe method of claim 1, wherein said single actuation
yields a plasma concentration of 20.2 ngx’mL within 2.5
minutes in said patient.

26. The method of claim 25, wherein said single actuation
yields a plasma concentration of :1 ng/mL within 5 minutes
in said patient.

2?. The method of claim 26, Wherein said single actuation
yields a plasma concentration of a3 ngj'rnl. within 10 min-
utes in said patient.

28. The method of claim I, wherein said single actuation
yields a plasma concentration of 20.2 ngi’mL within 2.5
minutes in said patient.

29. Tire method ofclaim 28, wherein said single actuation
yields a plasma concentration of :1 ngtmL within 5 minutes
in said patient.

30.1116 method ofclaim 1, wherein approximately 100 [L
of the pharmaceutical solution is delivered by one actuationof the device.

31. The method ofclaim 30. wherein the isotonicity agent
is present in a concentration between about 0.2% and about
1.2% (wlv).

32. The method of claim 31, wherein the pharmaceutical
solution further comprises between about 0.1% and about
0.5% (wi‘v) of a stabilizing agent and an amount of an acid
sufiicient to achieve a pH between about 3.5 and about 5.5.

33. The method of claint 32, wherein:
the isotonicity agent is sodium chloride:
the stabilizing agent is disodium edetate; and
the acid is hydrochloric acid.
34. The method of claim 33. wherein the pharmaceutical

solution comprises:
about 4% (wfv) naloxone hydrochloride;
about 0.74% (wtv) sodium chloride:
about 0.111% (WW) benmlkonium chloride; and
about 0.1% (wlv) disodiiurr cdetate.
35. The method ofclaim 1. wherein the device has a single

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

36. The method o l'claim I, further comprising storing 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 naloxone
hydrochloride content at actuation.

31‘. The method of claim 1, wherein the device comprises
a reservoir, a piston, and a swirl chamber.

38. The method ofclaim 37, wherein the device comprises
a plunger that houses a oonlainer closure comprising

a vial comprising an opening,
a cannula, and
a rubber stopper.

wherein the stopper is configured 1.0 occlude the open-
ing of the vial, and
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wherein the cannula is configured such that the. cannula
can pierce the stopper when the plunger applies
sulficient force to the cannula.

39, The method of claim I, wherein delivery time is less
than about 25 seconds.

40. The method ofclaim .19, wherein delivery time is less
than about 20 seconds.

41. A method of treating narcotic-induced respiratory
depression, the method comprising:

delivering a 25-200 uL spray of a pharmaceutical solution
from a pre-ptimod device into a nostril of a patient in
need thereof in a manner that delivers the pharmaceu—
tical solution in a round spray plume with an ovality
ratio less than about 2.0 when measured at 3 cm‘

wherein the device is adapted for nasal delivery,
wherein the spray delivers between about 4 mg and about

10 mg naloxone, an isotonjcity agent. and between
about 0.005% and about 0.015% (wtv) of benzalko-
niurn chloride,

wherein the patient is in a lying, supine, or recovery
position. and

5

in

15

66
alts“! experiences a Swuuuu It. mean as

one C,Wt not less than about 3 ny’mL following a single

“um: —' . n 1......’ IUA

42. The method ot'claim 41. wherein said single actuation
yields a plasma concentration of 23 nymL within 10 min-
utes in said patient.

43. The method ofclajtn 42. wherein said single actuation
yields a plasma concentration of 20.2 ngfrnL within 2.5
minutes in said patient.

44. The method ofclaim 43. wherein said single actuation
yields a plasma concentration of :1 ngtml. within 5 minutes
in said patient.

45. The method of claim 41, wherein the patient experi—
ences a geometric mean nalottone Cm, not less than about
3 ngr'rnL following a single spray.

46. The method of claim 45. wherein the patient experi-
cuces a plasma naloxone concentration such that the geo—
metric mean of area under a plasma concentration versus
time curve (AUCOJD) is not less than about 8 hr“ ng-‘rnL when

20 time is extrapolated to infinity.
tilit‘tttt
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