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NASAL DRUG PRODUCTS AND METHODS
OF THEIR USE

This application is a continuation ofUS. application Ser.
No, 14.942344, filed Nov. 16, 2015, which is a continua-
tion-in-part of US. application Ser. No. 1436595172, filed
Mar. 16, 2015, which claims the benefit ofU.S. Provisional
Application No. 61r‘953,3?9, filed Mar. 14, 2014, the dis-
closure of which is hereby incorporated by reference as if
written herein in its entirety.

Provided are drug products adapted for nasal delivery
comprising a pro-primed device and a pharmaceutical com—
position comprising an opioid receptor antagonist, pharma-
ceutical compositions comprising an opioid receptor antago-
nist, and methods of use thereof.

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. 'Ihere are three principal types of opioid recep-
tors: the o—opioid receptor, the rr—opioid receptor. and the
u-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 clternoreceptors
via p-opioid receptors and in the medulla via IC— and o-opioid
receptors. While there are a number of neurotransmitters

mediating the conLrol of respiration, glutamate and Tamin-
obrrtyric acid (GABA) are the major excitatory and inhibi-
tory neurotransmitters, respectively. This explains the poten-
tial for interaction of opioids with henzodiachines and
alcohol: both benzodiazepines and alcohol facilitate the
inhibitory efl'ect of GABA at the GABM receptor. while
alcohol also decreases the excitatory eflect of glutamate at
NMDA receptors. Oxycodone and other opioid painkillers,
as well as heroin and methadone are all implicated in fatal
overdose. Heroin has three metabolites with opioid activity.
Variation in the formation of these metabolites due to

genetic factors and the use of other drugs could explain
differential sensitivity to overdose. Metabolites of metha-
done contribute little to its action. However, variation in rate
of metabolism due to genetic factors and other drugs used
can modify methadone concentration and hence overdose
risk. The degree of tolerance also determines risk. Tolerance
to respiratory depression is less than complete, and may be
slower than tolerance to euphoric and other effects. One
consequence ofthis may be a relatively high risk ofoverdose
among experienced opioid users. While agonist administra-
tion modifies receptor function, changes (usually in the
opposite direction) also result from use of antagonists, for
example, supersensitivity to opioids following a period of
administration of antagonists such as naltrexone.

In the United States mortality rates closely correlate with
opioid sales. in 2003, approximately 36,450 people died
from drug overdoses. At least 14,800 of these deaths
involved prescription opioid analgesics. Moreover, accord-
ing to the Substance Abuse and Mental Health Services
Administration, the numberi'rate of Americans l2 years of
age and older who currently abuse pain relievers has
increased by 20 percent between 2002 and 2009. in New
York City, between 1990 and 2006. the fatality rate from
prescription opioids increased seven-fold, from 0.39 per
100,000 persons to 2.7. Drugs classed as prescription opi-
oids in this study include both typical analgesics, such as
()xyContin® (oxycodone HC] 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 over the 16 years of the
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study was driven entirely by overdoses ol'typieal analgesics.
Over the same time period. methadone overdoses remained
stable, and overdoses from heroin declined. Whites were
more likely than blacks and Latinos to over-dose on these
analgesics, and deaths mostly occurred in neighborhoods
with loWer rates of poverty, suggesting dill'ercntial access to
doctors who can write painkiller prescriptions may be a
driVing force behind the racial disparity. ((Ierda et al. “Pre-
scription opioid mortality trends in New limit City, 1990-
2006: Examining the emergence ofan rpt‘demic." Drug and
Alcohol Dependence Volume 132, Issues 1-2, 1 Sep. 2013.
53-62.)

Naloxonc 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 eflorts 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. The UN Commission on Narcotics Drugs
”encourages all Member States to include efiective elements
for the prevention and treatment of drug overdose, in par-
ticular opioid overdose, in national dnrg policies. where

. appropriate, and to share best practices and information on
the prevention and treatment ot‘drng overdose, in particular
opioid overdose, including the use of opioid receptor
antagonists such as naloxone.”

U.S. Pat. No. 4,464,37I'8 describes a method for eliciting
an analgesic or narcotic antagonist response in a warm-
blooded animal, which comprises administering intranasally
(IN) to said animal to elicit a narcotic antagonist response,
a narcotic antagonist effective amount of naloxone. W0
82.103768 discloses a composition that contains 1 mg of
naloxone hydrochloride per 0.] ml of solution adapted for
nasal administration used in the treatment of narcotic

induced respiratory depression (overdose) at a dosage
approximately the same as that employed for intravenous
(IV), intramuscular (IM) or subcutaneous (SQ) administra-
tion. W0 W62??? teaches pharmaceutical compositions for
IN or oral (PO) administration which comprise an opioid
antagonist. such as naloxone for application by spray in the
reversal of opioid depression for treatment of patients suf-
fering from opioid over—dosage, wherein the spray applica-
tor is capable of delivering single or mtdtiple doses and
suitable dosage units are in the range of 0.2 to 5 mg.

The use ofnasal naloxone is not without controversy. For
instance, Loirner et al. (International Journal ofAddictions,
29(6), 819—321 [994) reported that the nasal administration
of naloxone is as etfective as the intravenous route in opiate
addicts, however. Bowling et al. ('lher Drug Mortit, Vol 30.
No 4, August 2008) reported that naloxouc administered
intranasally 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.

One early study of 196 consecutive patients with sus—
pected opioid overdose conducted in an urban out—of-hos-
pita] setting, had shown the mean interval from emergency
medical services (HMS) arrival to a respiratory rate of 210
breathslmin was 93:42 min with administration of ualorr-
one 0.4 mg 1V. versus 9.62-1.58 min with administration of
naloxone 0.8 mg SQ. The authors concluded that the slower
rate of absorption via the SQ route was offset by the delay
irt establishing an IV line. (Wanger et al., Intravenous vs
subcutaneous aar’al‘orrefor out-ofhospimf management of
presumed opioid tnerdose. Acad limerg Med. 1998 April:
5(4):293-9).
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The Denver Health Partunedic system subsequently
investigated the cfiicacy and safety of atomized intranasal
naloxone for the treatment of suspected opiate overdose
(Barton, ct 31., Efficacy ofr'rrrmrwsa! rrar’oxorte as a needle—
less alternative for treatment of opioid over-dose in the
prekospr'mr’ setting. J Emerg Med, 2005. 29(3): p. 265-?1).
All adult patients encountered in the prehospilal setting as
suspected opiate overdose. found down. or with altered
mental status who met the criteria for nalortone admirnsna-

tion were included in the study. IN naloxone (2 mg) was
administered immediately upon patient contact and before
IV insertion and administration of 1V naloxone (2 mg).
Patients \verc then treated by EMS protocol. The main
outcome measures were: time of IN naloxone administra~

lion, time of IV naloxone administration, titne ofappropriate
patient response as reported by paramedics. Ninety-five
patients received IN naloxone and were included in the

study. A total of 52 patients responded to naloxone by either
IN or IV, with 43 (33%) reSponding to [N naloxone alone.
Seven patients (16%) in this grotlp required further doses of
1V naloxone. The median times from arrival at patient side
to awakening and from administration of the IN naloxone to
patient awakening were 8.0 minutes and 3.0 minutes respec-
tively.

'lhe Drug Overdose Prevention and Education (DOPE) .
Project was the first naloxone prescription pong-am (NPP)
established in partnership with a county health department
(San Francisco Department of Public Health), and is one of
the longest running NPPs in the USA. From September 2003
to lkcembct‘ 2009, 1,942 individuals were trained and
prescribed naloxone through the DOPE Project, of whom
24% returned to receive a naloxonc refill, and 11% reported
using naloxonc during an overdose event. Of 399 overdose
events where naloxone was used, participants reported that
39% were reversed. In addition, 83% of participants who
reported overdose reversal attributed the reversal to their
adminisn‘ation of naloxone, and fewer than 1% reported
serious adverse effects. Findings from the DOPE Project add
to a growing body ofrescarch that suggests that intravenous
drug users (10115) at high risk of witnessing overdose events
are Willing to be trained on overdose response strategies and
use take-home naloxone during overdose events to prevent
deaths (Enttx'n. et a1., Overdose prevention and nalcxorre
prescription for opioid users in San Francisco. J Urban
Health. 2010 December; 87(6):931-41).

Another reported study reviewed EMS and hospital
records before and after implementation of a protocol for
administration of intranasal naloxorre by the Central Cali-
fornia EMS Agency in order to compare the prchospital time
intervals from patient contact and medication administration :
to clinical response for IN versus intravenous IV naloxone
in patients with suspected narcotic overdose. The protocol
for the treatment of opioid overdose with intranasal nalox-
one Was as follows: "intranasal (IN)—Adn1inister 2 mg
intranasally (] mg per nostril} using mucosal atomizer
device (MAD'M) ii' suspected narcotic intoxication and
respiratory depression (rate 3 or less). This dose may be
repeated in 5 minutes if respiratory depression persists.
Respirations should be supported with a bag valve mask
until respiratory rate is greater than 3. Intramuscular (1M)—
Adminjster 1 mg if unable to administer intranasally (see
special considerations}. May repeat once in 5 minutes.
Intravenous ([V1—Administer 1 mg slow 1V push if no
response to intranasal or IM administration alter 10 minutes.

Pediatric dose—0.1 mgr'kg intranasally, if less than 10 kg
and less than ] year old". Patients with suspected narcotic
overdose treated in the prehospital setting over 1? months,
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between March 2003 and July 2004 were included. Para—
medics documented dosc, route of administration. and posi-
tive response times using an electronic record. Clinical
response was defined as an increase in respiratory rate
(breathstmin) or Glasgow Coma Scale score of at least 6.
Main outcome variables included time fi'om medication to
clinical response and time from patient contact to clinical
response. Secondary variables included numbers of doses
administered and reseue doses given by an alternate route.
BetweIm-group comparisons were accomplished using
Hosts and chi—square tests as appropriate. One hundred
fifty-four patients met the inclusion criteria, including 104
treated with IV and 50 treated with IN naloxonc. Clinical
response was noted in 33 (66%) and 58 (56%) of the IN and
1V groups. respectively (p-03). 'lhe mean time between
naloxone administration and clinical response was longer for
the IN group (12.9 vs. 8.] min, p=0.W). However, the mean
times from patient contact to clinical response were not
significantly difi‘erent between the IN and IV groups (20.3
vs. 20.1f min, p—0.9). More patients in the IN group received
two doses of nalosone (34% vs. 18%, p=0.05), and three
patients in the IN group received a subsequent dose of 1V or
IM naloxone. (Robertson et al., latrartasat natoxorre is a

viable alternative to intravenous nar’oxone for prehospr'mr‘
narcotic owrd‘ose. Prehosp Enterg Care. 2009 October—
December', l3(4):512—5).

in August 2006. the Boston Public Health Commission
passed a public health regulation that authorized an opioid
overdose prevention program that included intranasal nalox-
one education and distribution of the spray to potential
bystanders. Participants were instructed by trained stall" to
deliver ] mL (1 mg) to each nostril of the overdose victim.
After 15 months, the program had provided training and
intranasal naloxone to 335 participants who reported ”M
successful overdose reversals (Doe-Simkins et a1. Overdose
prevention education with distribution ofr'mmnasat' Halo:—
one is dr‘easiblepur‘mc health intervention to address opioid
overdose. Am J Public Health. 2009: 99:733—791).

Overdose education and nasal naloxone distribution
(OENDJ programs are community-based interventions that
educate people at risk for overdose and potential bystanders
on how to prevent, recognize and respond to an overdose.
They also equip these individuals with a tialoxone resoue kit.
To evaluate the impact oIOENL) programs on rules ofopioidrelated death from overdose and acute care utilization in

Massachusetts, an interrupted time series analysis of opioid
related overdose death and acute care utilization rates from

2002 to 2009 was performed comparing community—year
strata with high and low rates ot'OEND implementation to
those with no implementation. ‘lhe setting was nineteen
Massachusetts communities (geographically distinct cities
and towns) with at least live fatal opioid overdoses in each
of the years 2004 to 2006. OEND was implemented among
opioid users at risk For overdose, social service agency stall".
family, and friends of opioid users. OEND programs
equipped people at risk for overdose and bystanders with
nasal naloxone rescue kits and trained them how to prevent.
recognize, and respond to an overdose by engaging emer—
gency medical services. providing rescue breathing, and
delivering naloxone. Among these communities. ()END
programs trained 2,912 potential bystanders who reported
32? rescues. Both community—year strata with 1-100 enroll-
ments per 100,000 population (adjusted rate ratio 0.73, 95%
confidence interval 0.57" to 0.91) and community-ywrr strata
with greater than 100 enrollments per 100,000 population
(054, 0.39 to 0.76) had significantly reduced adjusted rate
ratios compared with communities with no implementation.

Copy provided by USI‘TO item Lhe PIRS Image Database on 10-23-2018

Nalox 1001

Nalox-l Pharmaceuticals, LLC

Page 12 of 39



 

US 9,468,747 32
5

Difierences in rates of acute care hospital utilization were
not significant. Opioid overdose death rates were reduced in
communities where OEN'D was implemented. This study
provides observational evidence that by training potential
bystanders to prevent, recognize, and respond to opioid
overdoses, OEND is an efl'ective intervention (Walley et al .,
Opioid overdose rates and implementation of overdose
education and nasal calm-one distribution in Massachu—
setts: interrupted time series await-sis. RM] 2013'. 346:
fl'l-l).

Naloxone prescription programs are also ofi‘ered by com—
munity-based organisations in Los Angeles and Philadel-
phia. Programs in both cities target 1|)Us. Studies which
recruited 150 11)le across both sites for in-depth qualitative
interviews compared two groups of 1DUs, those who ltad
received naloxone prescriptions and those who had never
rcceiVed naioxone prescriptions. In both LA. and Philadel-
phia. IDUs reported successfully administering naloxonc to
reverse recently witnessed overdoses. Reversals often
occurred in public places by both housed and homeless
IDUs. Despite these successes, lDUs frequently did not have
naloxone with them when they Witnesscd an overdose. 'l‘wo
typical reasons reported were naloxonc was confiscated by
police, and lDUs did not feel comfortable carrying naloitone
in the event of being stopped by police. Similarly, some
untrained lDUs reported discomfort with the idea of carry—
ing naloxone on them as their reason for not gaining a
prescription.

A randomized trial comparing 2 mg neloxone delivered
intranasally with a mucosa} atomizer to 2 mg intramuscular
naloxone was reported by Kelly et al., in 2005 (Med J Aust.
2005 Jan. 3: 182(1)124-7). The study involved 155 patients
(7‘1 1M and 84 IN) requiring treatment for suspected opiate
overdose and attended by paramedics of the Metropolitan
Ambulance Service (MAS) and Rural Ambulance Victoria
in Victoria, Australia. The 1M group had more rapid
response than the 1N group, and were more likely to have
more than 10 spontaneous respirations per minute within 8
minutes (82% v. 613%; P=0.01?3). There was no statistically
significant difl'erence between the 1M and IN groups for
needing rescue naloxone (13% [IM group] v. 26% [IN
group]; P= 0.05.53). The authors concluded that [N naloxone

is reflective in treating opiate-induced respiratory depression.but is not as effective as 1M naloxonc.

Kerret a1. (Addiction. 2009 December, 104(12);206’l—T4)
disclosed treatment ofheroin overdose by intranasa] admin—
istration ofnaloxone constituted in a vial as a preparation of
2 mg in 1 mL. Participants received 1 mg (0.5 ml) in each
nostril. The rate of response within 10 minutes was SCI-’83
(72.3%) for 2 mg 1N nsloxone versus 6989 015%) for 2
mg 1M naloxonc. The mean response times were 3.0 minutes
and 71.9 minutes for [N and 1V naloxonc respectively.
Supplementary naiortone was administered to fewer patients
who received 1M naloxune (4.5%) than IN (18.1%).

W020121563l'i‘ describes a study in which naloxone, 8
mg and 16 mg, was administered as 400 p].- IN (2110 [IL per
nostril). The administration was performed as follows: The
pump of the nasal spray was primed by removing the cap
and pressing downward. Tltis is repeated at least 6 times or
until a line Spray appears; printing is done just prior to
closing. The subject is in a standing or upright position and
should gently blow the nose to clear the nostrils. The subject
should tilt the head forward slightly and gently close one
nostril by pressing the outside of the nose with a finger on
the nostril to be closed. The device is inserted into the open
nostril and it is sprayed 2 times into the nostril. The subject
should gently breath inward through the nostril, the device
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is removed, and the steps are repeated for the other nostril.
The mean me values were reported to be 0.34 h (20.4 min)
and 0.39 h (23.4 min) for the 8 and 16 mg doses respectively.

Wcrmeling (Drug Deliv Transl Res. 2013 Febntary 1;
3(1): 63—?4) teaches that the initial adult dose ofnaloxone in
known or suspected narcotic overdose is 0.4 to 2 mg, which
may be repeated to a total dose of 10 mg and that the current
formulations ofnaloxone are approved for intravenous (IV)=
intramuscular (1M) and subcutaneous (SC) administration,
with IV being the recommended route. Wenneling also
predicts that a 2 mg nasal solution dose of naloxone will
likely have a Cm”, of 3—5 nngL and a rm“ ofapproximately20 minutes.

Since the onset of action of nnloxone used in opioid
overdose cases should be as fast as possible, naloxone is thus
far mainly administered intravenously or intramuscularly by
emergency health care personnel. Due to a high first pass
metabolism, oral dosage forms comprising naloxone display
a low bioavailability and thus seem to be not suitable for
such purposes. The administration of naloxone via iniection
into the blood stream or into the muscle requires first of all
trained medical personnel (for intravenous injection) or a
trained carer (for intramuscular injection). Secondly,
depending on the constitution of the addict and the period of
intravenous drug abuse, it can be particularly difficult to find
acceSs into a vein of the addict’s body for administering
naloxonc intravenously. Clearly, there is a risk of expOsurc
to blood borne pathogens for the medical personnel or the
trained carer since a large population of drug addicts sufi‘ers
from blood borne pathogen induced diseases such as HIV,
hepatitis B and C. and the like since accidental necdlestick

is a serious safety concern. 385,000 needle-stick injuries
have been estimated to have occurred in the year 2000 in the
US alone (Wilburn, .N'eedl‘estr’rd and sharps injury preven-
tion, OnlineJ lssues Nurs 2004, Sq). 30; 9(3):S).

Nalottone has a relatively short half—life of compared to
some longer—acting opioid formulations and so after a typi-
cal therapeutic dose ofnaloxone is administered to an opioid
overdose patient there is often the need to re—administer
naloxone, in some cases even several times, and it is
important to seek immediate medical attention.

Furthermore, it has been suggested that in view of the
growing Opioid overdose crisis in the US, nnloxone should
be made available over-the-counter (OTC), which would
require a device, such as a nasal spray device. that untrained
consumers are able to use safely. A nasal spray device that
was pro-tilled with a nalorrone formulation would also be
less likely to be confiscated by police than the system
developed by some EMS programs that combines an FDA—
approved nalcxone injection product with a marketed, medi-
cal device called the Mucosa] Atomizatiou Device.

Thus. there remains a need for durable. easy-to—use,
needleless devices with storage-stable formulations, that can
enable untrained individuals to quickly deliver a therapeu-
tically elfectivc dose of a rapid-acting opioid antagonist to
an opioid overdose patient. The therapeutically eflictive
dose should be sufficient to obviate the need for the
untrained individual to administer either a second dose of
opioid antagonist or an alternative medical intervention to
the patient, and to stabilise the patient until professional
medical care becomes available. The devices described
herein meet this and other needs.

Provided are devices adapted for nasal delivery of a
pharmaceutical composition to a patient, comprising a thera-
peutically effective amount of an opioid antagonist selected
from naloxone and pharmaceutically acceptable salts
thereof, wherein the device is pro-primed, and wherein the
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therapeutically effective amount. is equivalent to about 2 mg
to about 12 mg of naloxone hydrochloride.

Also provided are methods of treating opioid overdose or
a symptom thereof, comprising nasally administering to a
patient in need thereof a therapeutically effective amount of
an opioid antagonist selected from nnloxone and phartna‘
ccutically acceptable salts tltereof, wherein the therapeuti-
cally effective amount is equivalent to abotrt 2 mg to about
12 mg of naloxone hydrochloride.

BRIEF DESCRIPTION OF "fl-IE DRAWINGS

FIG. 1 shows the mean (13D) naloxone plasma concen-
tration following administration of 0.4 mg intramuscular
(1M), 2 mg intranasal (IN). and 4 mg 1N in I4 humansubjects.

FIG. 2 shows the mean (15D) naloxone plasma concen-
tration with logarithmic transformation following adminis-
tration of 0.4 mg intramuscular (1M). 2 mg intranasal (IN),
and 4 mg IN in 14 httman subjects.

FIG. 3 shows the mean nalottone plasma concentration
following single intranasal administrations (FIG. 3A) and
intramuscular injections (FIG. 33) of nalcxone to healthy
subjects (N=28] over a twelve—hour period.

FIG. 4 shows the mean naloxone plasma concentration
following single intranasal administmtions (FIG. 4A) and
intramuscular injections (FIG. 48) of naloxonc to healthy
subjects (N=28) over a four—hour period.

FIG. 5 shows the mean naloxone plasma concentration
following intramuscular injection of 0.4 mg naloxonc (FIG.
5A. top) and one spray of 20 mgme naloxone (FIG. SB,
bottom) to healthy male (N—l 6) and female (N=l 2) subjectsover a twelve-hour period.

MG. 6 shows the mean naloxone plasma concentration
following two sprays of 20 mgme (FIG. 6A, top) and one
spray of 40 mgme (FIG. 6B, bottom) to healthy male
(N=lo] and female (Nell) subjects- over a twelve-hourperiod.

FIG. 7 shows the mean naloxone plasma concentration
following two sprays of 40 mgfml. to healthy male (Ne 16)
and female (N 12) subjects over a twelve-hour period.

DETAILED DESCRIPTION OF THE
IM’lf-NTION

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

The term "active mgredicnt“ or "pharmaceutically active
compound“ is defined in the context of a "pharmaceutical
composition" and is intended to mean a component of a
pharmaceutical composition that provides the primary phar-
macological effect, as opposed to an “inactive ingredient“
which would generally be recognized 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 pharmaeo‘ no
logical response characteristic of that receptor. The term
"antagonist." as used herein. refers to a moiety that com—
petitively binds to a receptor at the same site as an agonist
(for example. the endogenous ligand), but which does not
activate the intracellular response initiated by the active
harm of the receptor and can thereby inhibit the intracellular
responses by an agonist or partial agonist. An antagonist

8

does not diminish the baseline intracellular response in the
absence of an agonist or partial agonist. The term “inverse
agonist“ 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 normal base level of activity which is observed in the
absence of an agonist or partial agonist.

5

10 The term "antimicrobial preservative.“ as used herein.
refers to a pharmaceutically acceptable excipient with anti-
microbial properties which is added to a phanuaceutical
composition to maintain microbiological stability.

The term “AUC,” as used herein, refers to the area under
the drug plasma concentration—time curve. The term
"AUCM," as used herein, refers to the area under the drug
plasma concentration-time curve from t=0 to the last mea-
surable concentration. The term "Al}Cn_,,," as used herein.

0 refers to the area under the drug plasma concentration-time
curve extrapolated to co. The term “AUCU_,.D.“ as used
herein. refers to the AUC,,_, normalized to 0.4 mg 1M
naloxone. The term “AU(_‘.0__,,.D._” as used herein. refers to the
AUCM. normalized to 0.4 mg IM naloxone

25 The term “bioavailability (F),“ as used herein. refers to
the fraction of a dose of dmg 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:

[5

30

9" UctflmW-tbr anhrmms35 F=  x
auc...,....m., Darwin-ms.

The term relative bioavttilability (PM) is used to compare
two different extravascular routes ofdrug administration and

40 it may be calculated using the following formula:

F _ AUanmn-ri x Dai‘nmnxns-rz
,_k _.___

Pr AUmemnrw: lhscum’lnnrhfa’]4s

The term “clearance (CI.)._" as used herein, refers to the
rate at which a dmg is eliminated divided by its plasma
concentration, giving a volume ol‘plasma frotn which drug

5|: is completely removed per unit of time. Cl. is equal to the
elimination rate constant (It) multiplied by the volume of
distribution (Vd), wherein “Va." is the fluid volume that
would be required to contain the amount of drug present in
the body at the same concentration as in the plasma. The

55 term “apparent clearance (CUll'Jf’ as used herein. refers to
clearance that does not take into account the bioavailability
of the drug. It is the ratio of the dose ever the AUC.

the term "CHM,“ as used herein, refers to the maximum
_ observed plasma concentration. The term "Gwyn,“ as used

herein. refers to Cm, normalized to 0.4 mg 1M naloitone.
The term "coelficient of variation (CV),“ as used herein.

refers to the ratio of the sample standard deviation to the
sample mean. It is often expressed as a percentage.

65 The term “confidence interval," as used herein, refers to
a range of values which will include the tnte average value
of a parameter a specified percentage of the time.
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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 (90.“ as used herein,
refers to the fractional rate of drug removal li'orn the body.
This rate is constant in first—order kinetics and is independent
of drug concenu-ation in the body. it. is the slope of the
plasma concentration-time line (on a logarithmic y scale).
The tenn "1.7," as used herein, refers to the terminal phase
elimination rate constant, wherein the “terminal phase” of
the dmg plasma concentration-time curve is a straight line
whee plotted on a scmilogarithmic graph. The terminal
phase is often called 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 ol'the terminal elimination
phase is that the relative proportion of drug in the plasma
and peripheral volumes of distribution remains constant.

During this "terminal phase“ drug returns from the rapid and
slow distribution volumes to the plasma, and is permanently
removed from the plasma by metabolism or renal excretion.

The term “equivalent." as used herein refers to a weight
of an opioid antagonist selected from naloxone and phar-
maceutically acceptable salts thereof that is equimolar to a
specified weight of naloxone hydrochloride. For example, 8
mg of anhydrous naloxone hydrochloride (molecular
weight, 363.84) is equivalent to about 12 mg of nalortone
l'reebase (molecular weight, 327.37), and to about 8.8 mg of
naloxone hydrochloride dihydratc (molecular weight
399.8?)

The term “filled," as used herein, refers to an association

belween a device and a pharmaceutical composition, for
example. when a pharmaceutical composition deseribed
herein comprising a therapeutically effective 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 further
includes a stoiehiometric or non-stoichiometric 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 (e.g.
physician, nurse, nurse practitioner, that a patient will ben-
efit from treatment.

As used herein. two embodiments are “mutually exclu—
sive" when one is defined to be something which is different
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 naloitone hydrochloride is specified to be 2 mg. However,
an embodiment wherein the amount of nalortone 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 extemally.
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The term “naioxone,” as used herein. refers to a com-
pound of the following structure:

“will
0 0

or a pharrnaceulically acceptable salt, hydrate, or solvate
thereof. The CA8 registry number for naloxone is 465-65—6.
Other names for naloxone include: 1?—allyl-4_.Sa-epoxy—3,
ld-dihydroxymorphinan—fione; (—)— l T-allyl-4,Su—epoxy~3,
l4—dihydroxymorphi nan-o-one; 4,5a-epoxy—3, I 4-dihy—
droxy—lT—(2-propeny1)morphinan—6-one, and (-)-12—allyl -".I'.
Ta,8,9-tetrahydrto-3,?a-dihydroxy-4aH-8,9c-
irrrinoelhanoplrenanthro[4,5-bcd] furan—S (6H)—orre.
Naloxone hydrodzlloride may be anhydrous (CAS Reg. No.
3557-08-4) and also forms a dihydrate (CAS No. 51481-60—
8). It has been sold under various brand names including
Narcan®._ Nalone®, Nalossoneflis. Naloxonaflll, Naloxo—
num®, NaroantitIIC, and Narcon'lt).

The term "nallrcxone," 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 naltrexone is 16590-
4 [-3. Other names for nnltrexone include: l'F—(cyelopropy—
lrncthyl) -4,5rt-epoxy -3, l 4-dihydroxymorphinan-6 -or1e',
(SaJ-I T-(cyclopropylmethyl)—3. l4—dihydroxy-4j-epoxy-
morphinan-o—one: and (lS.5R,l ERJ TS)-4-(cyclopropylm-
ethyl}-10.17—dihydroxy-lZ—oxa-d-azapentacyclol9.6.] .01.
I305,17.0T.l3]octadecn-T(i3),8,10-trien-14—one.

Nalrrexone hydrochloride (CAS Reg. No. rears—29-2) has
been marketed under the trade names Antaxone’fit, Ikpade‘fiu
Nalorextlb, Revialm '1'rexau®. \«ivitrex-“E, and Vivitrtol'JD.

The term “methylnaltrexone,” as used herein, refers to a
pharmaceutically acceptable salt comprising the mtion {5n}—
l7-(cyclopropylmothyl)-3,14-dihydroxy~l'F-metltyI—4,5-ep-
oxymorphinanium-l T—ium-t’r-one a compound of the follow-
ing structure:
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wherein X‘ is a phannaceutically acceptable anion. Meth-

ylnaltrertone bromide ((‘AS Reg. No. TSZBZ-SZ-T) has been
marketed under the trade name Relistotfi'.

The terrrr “naimefenc,” as used herein, refers to 1?-cy—
clopropylmethyl-4,5tr-cporty—6-methylenemorphinan-a, ] 4-
diol. a compound of the following structure:

 
Nalmelene hydrochloride (CAS Reg. No. 58895—64-0)

has been marketed under the trade names Naimetretreilb,
CervcnetEu Revex®, Arthrenefi, and Incystene-“K‘.

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

The term "opioid antagonist" includes, in addition to
nalortone and phannaceutically acceptable salts thereof:
main-exone. methylnaltrexone. and nalmefene, and pharma-
ceutically acceptable salts thereof. In some embodiments,
the opioid antagonist is naloxonc hydrochloride. In some
embodiments, the opioid antagonist is naioxone 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 nalrnc fene 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 of one or
more opioids. Symptoms ofopioid overdose include includ-
ing respiratory depression (including postoperative opioid
respiratory depression, acute lung inimy. and aspiration
pneumonia). central nervous system depression (which may
include sedation, altered level consciousness, miutic (cou-
stricted) pupils). and cardiovascular depression (which may
include hypoxemia and hypotension). Visible signs ul‘opioid
overdose or suspected opioid overdose include: unrespon-
siveness and-“or loss of consciousness (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 clmkingtgurgiing sounds;
blue or purple fingernails or lips, pale and-“er clammy face;
slack or limp muscle tone; contractEd pupils; and vomiting.
Because opioid overdose may be difficult to diagnose andfor
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quantify, particularly by a lay pemn, as used herein, tr“ _
ment of opioid overdose is meant to include treatment of
suspected opioid overdose in opioid-intoxicated patients.
Opioids that may induce overdose include, codeine, mor—
phine, methadone. fcntany], oxycodone HCI, hydrocodone
bitartratc, hydrontorplrone. oxymorphone, meperidine,
proportyphene. opium, heroin. tramadol, tapentadol, and
certain narcotic-antagonist analgesics, such as. nalbuphjne=
pentazociue and butorphartol. In some embodiments, the
opioid agonjst is in a tamper-proof formulation. In some
embodiments, the opioid agonist is in a tamper-resistant
formulation. In some embodiments, the opioid agonist is
selected item AcuroxtE) Oxycodone DETERxEEt, Egalet
hydrocodonc, Egalet morphine, ligalet oxycodone,
Exalgo®, Opana®_. and Remorty®.

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

The terms “permeation enhancer" and “penetration
cnhamer,” 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 “pee-primed," as used heroin. 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 closing, such as by actuating the
pump one or more times until a spray appears.

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

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
characteriration ol‘ the radioactive drug binding aflinity 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 histher 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 stoichiomelric or non-stoichiometric amount of a
solvent bound by non—covalent intermolecular forces. Pre-
ferred solvents are volatile, non~toxic, andr'or 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 deseribcd 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 filIing and sealing product contain-
ers under high—quality environmental conditions. In an asep—
tic process, the drug product, ottntaitter, 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% to
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99.5% of the active ingredient remains in an urtdcgraded
state after storage of the pharmaceutical composition at
specified temperature and humidity for a specified time, for
example, for 12 months at 25° C. and 60% relative humidity.

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

'lhe term ‘11,,“ or “half—life.“ as used herein. refers to the
amount of time required for half ofa drug to be eliminated
from the body or the lime required for a drug concentration
to decline by half.

The term "tonicity agent.” as used herein, refers to a
compound which modifies the osmolality of a formulation.
for example. to render it isotonic. 'l‘onicity agents include,
dextrose, lactose sodium chloride, calcium chloride, mag—
nesitim chloride, sorbitol, sucrose. manujtol, Lrehalose,
railinose, polyethylene glycol. hydmxyethyl 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—senlation.

The term “pharmaceutically acceptable," as used herein.
refers to a component of a 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
described a pharmaceutical composition that may comprise
less than 1% wtw antimicrobial preservatives.

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

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

The term “unti-ained 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 no training in the use of the
device, such as through an overdose education and nasal
ualoxone distribution (OEND) program.
('lpioid Antagonists

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

Nuloxcne is commercially available as a hydrochloride
salt. Naloxone hydrochloride (I7—allyl-4.Sa-epoxy-3,l4-di-
hydroitymorphinan-o-one hydrochloride), a narcotic antago-
nist, is a synthetic congener ofoxymorphone. In structure it
difl'ers from oxymorphone in that the methyl group on the
nitrogen atom is replaced by an allyl group. Naloxone
hydrochloride is an essentially pure narcotic antagonist, i.e.,
it does not possess the "agonistic" or morphinedikc prop—
erties characteristic of other narcotic antagonists; naloxouc
does not produce respiratoty depression, psychotomimetic
eflects or pupillary constriction. In the absence of narcotics
or agonistic efi'ects of other narcotic antagonists it exhibits
essentially no phannacologic activity. Naloxone has not
been shown to produce tolerance or to cause physical or
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psychological dependence. [n the presence of physical
dependence on narcotics naloxone will produce withdrawalsymptoms.

While the mechanism of action of naloxone is not fully
understood, the preponderance of evidence suggests that
nalcxonc antagonizes the opioid efl‘ects by competing for the
same receptor sites. When naloxone 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 ofadministration ofnaloxone hydrochloride.
Intramuscular administration produces a more prolonged
effect than intravenous administration. The requirement for
repeat doses of naloxonc, however. will also be dependent
upon the amount, type and route of administration of the
narcotic being antagonized. Following parenteral adminis-
tration naloxonc hydrochloride is rapidly distributed in the
body. It is metabolized in the liver, primarily by glucuronidc
conjugation, and excreted in urine. In one study the serum
half-life in adults ranged from 3D to 8] minutes (mean
64:12 minutes). In a neonatal study the mean plasma
half-life was observed to be 11:05 hours.

Provided are devices adapted for nasal delivery of a
pharmaceutical composition to a patient, comprising a thera-
peutically efl'ective amount of an opioid antagonist selected
from naloxone and pharmaceutically acceptable salts
thereof. wherein the device is pro—primed, and wherein the
therapeutically efiective amount. is equivalent to about 2 mg
to about 12 mg of naloxone hydrochloride. Also provided
are devices adapted for nasal delivery of a pharmaceutical
composition to a patient, comprising a therapeutically ciIec—
tive amount of an opioid antagonist selected from naloxone
and pharmaceutically acceptable salts thereof, wherein the
device is tare—primed, and wherein the therapeutically effec—
tive amount. is equivalent to about 2 mg to about 12 mg of
naloxonc hydrochloride. in some embodiments, the thera-
peutically elIective amount is equivalent to about 2 mg to
about 24 mg of naloxone hydrochloride. In some embodi—
ments. the therapeutically eifective amount is equivalent to
about 2 mg to about 12 mg of naloxone hydrochloride. In
some embodiments, the therapeutically efi‘ective amount is
equivalent to about 3 mg to about 18 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
eflective amount is equivalent to about 4 mg to about 10 mg
ofnaloxorre hydrochloride. In some embodiments, the thera-
peutically efl‘ective amount is equivalent to about 5 mg to
about ll mg of naloxone hydrochloride. In some embodi-
ments, the therapeutically etlective amount is equivalent to
about 6 mg to about 10 mg ot‘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
elfective amount is equivalent to about 1' mg to about 9 mg
ofualoxone hydrochloride. In some embodiments, the thera—
peutically eflective amount is equivalent to about 3.4 mg of
naloxone hydrocltloride. In some embodiments, the thera-
peutically etl'octive amount is cquivalent to about 4 mg of
naloxonc hydrochloride. In some embodiments. the thera-
peutically elfectivc amount is equivalent to about 5 mg of
naloxonc hydrochloride. In some embodiments, the thera-
peutically efimtive amount is equivalent to about 6 mg of
naloxnne hydrochloride. In some embodiments, the thera—
peutically reflective amount is equivalent to about ? mg of
naloxonc hydrochloride. In some embodiments. the thora—
peutically efi'ective amount is equivalent to about 8 mg of
naloxone hydrochloride. in some embodiments, the thera-
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peutically effective amount is equivalent to about 9 mg of
naloxone hydrochloride. In some embodiments. the thera—
peutically effective amount is equivalent to about It] mg of
naloxone hydrochloride. In some embodiments, the thera-
peutically effective amount is equivalent to about 11 mg of
nalortone hydrochloride. In some embodiments, the thera-
peutically effective amount is equivalent to about 12 mg of
naloxone hydrochloride. In some embodiments, the cpioid
antagonist is the only phannaceutically active compound in
pharmaceutical composition. In some embodiments, the
upioid antagonist is naloxone hydrochloride. In some
embodiments, the opioid antagonist is anhydrous nalortone
hydrochloride. In some embodiments, the opioid antagonist
is naloxone hydrochloride dihydratc.

While many of the embodiments of the phamiaceutical
compositions described herein will be described and exem-
plified with nalottone, 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 an from the teachings herein that the
devices and pharmaceutical compositions described herein
may be suitable for other opioid antagonists. 'Ihc opioid
receptor antagonists described herein include p-opioid
antagonists and fi-opioid receptor antagonists. Examples of
useful opioid receptor antagonists include naloxone, nalu-cx—
one, methylnaltrcxone. and nalmefene. Other useful opioid
receptor antagonists are known (see, e.g., Kreek et at, Us.
Pat. No. 4.981136).

Also provided are devices adapted for nasal delivery of a
pharmaceutical composition to a patient. comprising a thera-
peutically efi‘ective amount of an opioid antagonist, wherein
the device is pre-primed, and wherein the therapeutically
etTective amount is about 4 mg to about 12 mg. In some
embodiments. the therapeutically efl‘ective amount is
equivalent to about 3.4 mg of naloxone 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
naltrtexone, methylnallrexone. and nahnefene, and pharma-
ceutically acceptable salts thereof. In some embodiments,
the opioid antagonist is naltrertone hydrochloride. In some
embodiments, the opioid antagonist is methylneltrexone
bromide. In some embodiments, the opioid antagonist is
nalrnefene hydrochloride. In some embodiments, the opioid
antagonist is the only pharmaceutically active compound in
pharmaceutical composition.
Nasal Drug Delivery Devices and Kits

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

Liquid nasal fomrulations 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 fonnulations.

Some EMS programs have dechOped a system using
existing technologies of an approved drug and an existing
medical device to administer naloxonc intranasally, albeit in
a non-FDA approved manner. This has been accomplished
by using the injectable formulation (1 mg/mL] and admin—
istering 1 mL per nostril via a marketed nasal atomizer:f
nebulizer device. The system combines an FDA-approved
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nainxonc injection pm...rct Irwith :1 Liter fitted tip, no
needles) with a marketed, medical device called the Mucosal
Atomization Device (MADm Nasal, Wolfe Tory Medical,
Inc). This initiative is consistent with the US. Noodlestick
Safety and Prevention Act (Public law 106-430). The EMS
programs recognize limitations of this system, one limitation
being that it is not assembled and ready-to-use. Although
this administration mode appears to be effective in reversing
narcosis, the formulation is not concentrated for retention in
the nasal cavity. The I mL delivery volume per nostril is
larger than that generally ulilizcd for intranasal drug admin-
istration. Therefore. there is loss of drug from the nasal
cavity, due either to drainage into the nasopharynx or
externally from the nasal cavity. The devices described
herein are improved ready-to-use products Specifically opti—
mired, concentrated, and fonnulated 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. I low-ever,
driven by the studies suggesting possible negative effects of
preservatives. pump manufacturers have developed different
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
(wwaptarcom and www.rertam.-oom). ”the solutions with
a collapsible bag and a movable piston compensating for the
emitted liquid volume ofier the additional advantage that
they can be emitted upside down, without the risk of sucking
air into the dip tube and compromising the subsequent spray.
This may be useful for some products where the patients are
bedridden and where a headdown application is recom—
mended. Another method usod 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 (wwaplamom). 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 dose control and safety
are available (wyvtvrexamcom and wwaptarcom),

Metered—dose spray pumps require priming and some
degree of overlill to maintain dose conformity for the
labeled ntnnber of doses. They are well suited for drugs to
be administered daily over a prolonged duration, but due to
the priming procedure and limited control ofdosing, 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
iii-dose spray devices are preferred (wwwaplarcom), A
simple variant of a single—dose spray device (MADTM) is
ur’icred by ir‘vIA (rm. Salt Lake City, Utah, USA; www.1—
manacom). A nosepiece with a spray tip is fitled 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
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syringe. 'lhis device has been used in academic studies to

deliver, for exmnple, a topical steroid in patients with
chronic rhinosinusitis and in a vaccine study. A pro-filled
device based on the same principle for one or tvvo doses
(Accus‘prayTM, Recton Dickinson Technologies, Research
Triangle Park, N.C., USA; wombdpharrnacom) is used to
deliver the influenza vaccine FIuMist (wwwfiumistcom),
approved for both adults and children in the US market. A
similar device for two doses was marketed by a Swiss
company for delivery of another influenza vaccine a decade
ago. The single- and bi-dose devices mentioned above
consist of a reservoir, a piston, and a swirl chamber (sec.
e.g., the [IDS UnitDose and EDS BiDose devices from
Aptar, formerly Ptieifl‘cr). The spray is formed when the
liquid is forced out through 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. Currently,
marketed nasal migraine drugs like Imitrex (ww-w-.gsk.coni)
and Zornig (www.a2.com; PieiEIerr’Aptar single—dose device)
and the marketed influenza vaccine Flu—Mist (wmrfiurnist-
.com: Beeton 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—dose, multi-dose sprays. To emit 100
pL, a volume of I 25 pL is filled in the device (PfeitfertAptar
single—dose device) used for die intranasal migraine medi-
cations Irnitrex (sumatriptan) and Zomig (zolmitriptan) and
about halfof 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 under highquality environmental
conditions. Products are filled and sealed in this type of
environment to minimize the microbial and particulate con-
tent ol‘ the in-process product and to help ensure that the
subsequent sterilization process is successful. In most cases,
the product, container, and closure have low bioburden, but
they are not sterile. The product in its final container is then
subjected to a sterilization process such as heat or irradia-
tion. In an aseptic process, the drug product. container. and
closure are first subjected to sterilisation methods separately,
as appropriate, and then brought together. Because there is
no process to sterilire 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—
cesnes. 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 efl'ective amount of an opioid
antagonist selected from naloxone and phan'naceutically
acceptable salts thereof, wherein said device is pie-primed,
and wherein said therapeutically efiective amount, is equiva—
lent to about 2 mg to about 12 mg of naloxooe hydrochlo-ride.

In some embodiments, said opioid antagonist is naloxonc
hydrochloride. In some embodiments, said opioid antagonist
is naloxone hydrochloride dihydrnte.

In some embodiments, said patient is an opioid overdose
patient or a suspected opioid overdose patient.
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In some embodiments, said patient is in a lying, supine. or
recovery position. In some embodiments, said patient is in a
lying position. In some embodiments, said patient is in a
supine position. In some embodiments, said patient is in a
recovery position.

In some embodiments, said therapeutically effective
amount ot'an opioid antagonist is delivered by an untrainedindividual.

In some embodiments, said therapeutically efi'ective
amount is equivalent to about 4 mg to about 10 mg of
naloxone hydrochloride. In some embodiments, said thera-
peutically etl‘eetive amount is equivalent to an amount
chosen from about 2 mg naloitone hydrochloride, about 4
mg of naloxone hydrochloride, and about 8 mg naloxouc
hydrochloride. In some embodiments, said therapeutically
ellcctivc amount is equivalent to about 2 mg of naloxone
hydrochloride. In some embodiments. said therapeutically
effective amount is equivalent to about 4 mg of naloitone
hydrochloride. In some embodiments, said therapeutically
effective 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 effective
amount is about 2.2 mg to about 13.2 mg of naloxone
hydrochloride dihydrate. In some embodiments, said thera—
peutically effective amount is about 4.4 mg to about Ii mg
ot‘naloxone hydrochloride dihydrate. In some embodiments,
said therapeutically efi'ective amount is an amount chosen
from about 2.2 mg naloxone hydrochloride dihydratc, about
4.4 mg of nalcxone hydrochloride dibydrate, and about 8.8
mg naloxone hydrochloride dihydrate. In some embodi-
ments, said therapeutically cfl‘ective amount is about 2.2 mg
ofnaloxone hydrochloride dihydrate. In some embodiments,
said therapeutically effective amount is about 4.4 mg of
naloxone hydrochloride dihydrate. In some embodiments.
said therapeutically efl'ective amount is about 8.3 mg of
naloxone hydrochloride dihydrute.

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

In some embodiments, said pharmaceutical composition
comprises a solution of naloicone hydrochloride, or a hydratethe-roof.

In some embodiments. the volume of said pharmaceutical
composition in said reservoir is not more than about I40 pl..

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 pharmaceutical composition
further 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
comprise; a compound which is a preservative, cationic
surfactant, andfor penneationfpenetratiou enhancer.

In certain embodiments, said pharmaceutical composition
comprises benzalkonium chloride. The benzalkonium chlo~

ride can fimction as a preservative (even in low amounts), a
pcrrneationlpenetration enhancer, auditor a cationic surfac-
tant (typically at a higher amount for these latter two).
lienmlkottiurn chloride is represented by the followingstructure:
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in which n is an integer, and a mixture of more than one
thereof can be used. In certain embodiments, n is 8, 10. 12.
14, to, or 18.

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

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

In some enrbodiments. said pharmaceutical composition
further comprises:

an isotonicity agent;
a preservative;
a stabilizing agent;
an amount ofan acid suflicient to achieve a pH or 3.5—5.5;and

an atnount of water sufiicient to achieve a final volume ol‘
about IUD 1.1L.

In some embodiments, said pharmaceutical composition
comprises:

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 surfactanc
andjor permeation enhancer;

between about 0.] mg and about 0.5 mg of a stabilizingagent:

an amount ol‘an acid suflicient to achieve a pH or 3.5—5.5;and

an amount ofwater suflicicnt to achieve a final volume of
about too uL.

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 hydmclfloric acid.

In some embodiments, said pharmaceutical composition
comprises:

about 0.?4 mg NaCI;
about 0.0] mg bemalkonium chloride;
about 0.2 mg disodium edetate:
an amount of hydrochloric acid suflicient to achieve a pHor 3.5—5.5: and
an amount of water suflicient to achieve a final volume of

about 100 im.
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 cfiective amount
of said opioid antagonist is delivered essentially by one
actuation of said device itrto one nostril of said patient.

In some embodiments, about 100 [L of said phan'oaccu-
tical composition is delivered by said actuation.
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In some embodiments, said device is actuatable with onehand.

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 :about 2%. In some embodi-
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 ex1ernally. In some
embodiments, upon nasal delivery of said pharmaceutical
composition to said patient, leSs than about 5% of said

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

In some embodiments. the plasma concentration versus
time curve of said opioid antagonist in said patient has a
'l‘,,,m of less than 30 minutes. In some embodiments, the
plasma concentration versus time curve of said opioid
antagonist in said patient has a '1'...“ ot‘lcss than 25 minutes.
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 some embodiments, the plasma
concentration versus time curve of said opioid antagonist in
said patient has a 'l‘mx of about 20 minutes. In some
embodiments, the plasma concentration versus time curve of
the opioid antagonist in the patient has a Tm; of less than 19
minutes. In some embodiments, the plasma concentration
versus time curve of the opioid antagonist in the patient has
a Tm“ of about 18.5 minutes.

In some embodiments. delivery of said therapeutically
ellective 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 me of said opioid antagonist at the opioid recep—
tors in the respiratory control center of said patient ofgreater
than about 95%. In some embodiments, delivery of said
therapeutically cfi‘ective amount to said patient. provides
occupancy at Tm“ of said opioid antagonist at the opioid
receptors in the respiratory control center of said patient of
greater than about 99%.

In some embodiments. said patient is free from respira-
tory depression for at least about | hour following treatment
comprising essentially of delivery of said therapeutically
reflective amount of said Opioid antagonist. In some embodi-
ments, said patient is free from respiratory depression for at
least about 2 hours following treatment comprising essen-
tially of delivery of said therapeutically eflcctive amount of
said opioid antagonist. In some embodiments, said patient is
free from respiratory depression for at least about 4 hours
tbllowing treatment comprising essentially of delivery of
said therapeutically reflective amount of said opioid antago-
nist. In some embodiments, said patient is free li'om respi-
r-atory depression for at least about 6 hours following
treatment comprising essentially of delivery of said thera-
peutically efl‘ective amount of said opioid antagonist.

In some embodiments, said device is a bi—dose device,
wherein a first volume of said pharmaceutical composition
is present in a first reservoir and a second volume of said
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pharmaceutical composition is present in a second reservoir.
and wherein said therapeutically efl‘ectivc amount is deliv-
ered essentially by a first actuation of said device into a first
nostril of said patient and a second actuation of said device
into a second nostril or said patient.

In some embodiments, said firsl volume and said second

volume combined is equal to not more than about 380 1.1L.
In some embodiments, about 100 nL 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 acruatable with onehand.

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 :about 2%. In some embodi—
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 phanrraeeulical composition leaves Ihe nasal cavity
via drainage into the nasopharynx or externally. In some
embodiments, upon nasal delivery of said phamiaceutical
composition to said patient, less than about 10% of said
pharmaceutical composition leaves the nasal cavity via
drainage into the nasopharyox 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 nasopharymt or extemally.

In some embodiments, the plasma concentration versus .
time curve or" said opioid antagonist in said patient has a
Tm, of less than 30 minutes. In some embodiments. the
plasma concentration versus time curve of said opioid
antagonist in said patient has a Tm” of less than 25 minutes.
In some embodiments, the plasma concentration versus time
curve of said opioid antagonist in said patient has a Tm, of
about 20 minutes. In some embodiments, the plasma con—
centration versus time curve of the opioid antagonist in the
patient has a "I‘m, of less than [9 minutes. In some embodi-
ments, the plasma concentration versus time curve of the
opioid antagonist in the patient has a TM, or about 18.5minutes.

In some embodiments, delivery of said therapeutically
effective amount to said patient, provides occupancy at Tm“
of said opioid antagonist at the opiord receptors in the
respiratory control center of said patient of greater than
about we. In some embodiments, delivery of said thera-
peutically effective amount to said patient. provides occu-
pancy at Tm“ of said opioid antagonist at the opioid recep-
tors in the respiratory control center ofsaid patient ofgreater
than about 95%. In some embodiments. delivery of said
therapeutically efiective amount to said patient, provides
occupancy at TM: ol‘ said opioid antagonist at the opioid
receptors in the respiratory control center of said patient of
greater than about 99%.

In some embodiments, said patient is free from rcSpira—
tory depression for at least about 1 hour following treatment
comprising essentially of delivery of said therapeutically
ell'ective amount of said opioid antagonist. In some embodi—
ments, said patient is free Irom respiratory depression for at
least about 2 hours following treatment comprising essen-
tially of delivery of said therapeutically efi‘ective amount of
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said opioid antagonist. in some embodiments. said patient is
free from respiratory depression liar at least about 4 hours
following treatment comprising essentially of delivery of
said therapeutically efiective amount of said opioid antago-
nist. In some embodiments, said patient is free from respi-
ratory depression for at least about 6 hours tollowing
treatment comprising essentially of delivery of said thera-
peutically ell'ectivc amount of said opioid antagonist.

Also provided herein is a single—use, pro-primed device
adapted for nasal delivery of a phannaceutical composition
to a patient by one actuation of said device into one nostril
of said patient, having a single reservoir comprising about
100 it}. of a pharmaceutical composition which is an aque—
ous solution comprising:

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

between about 0.2 mg and about 1.2 mg of an isotonicityagent:

between about 0.005 mg arid about 0.015 mg of a com—
pound which is a preservative. cationic surfactant,
andlor penneation enhancer;

between about 0.1 mg and about 0.5 mg of a stabilizingagent;

art amount ofarr acid sufficient to achieve a pH or 3.5-5.5.
In sortie 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 traloxone hydrochloride
dihydrate. In some embodiments, the device comprises
about 2.2 mg naloxone hydrochloride dihydrate.

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

andr‘or permeation enhancer is benzalkouium chloride;
the stabilizing 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 naloxcnc hydrochioride

dihydrate:
about 0.?4 mg Natl;
about 0.0] mg beo7alkonium chloride;
about 0.2 mg disodiurn edetate: and
an amount ofhydrochloric acid stlflicicnt to achieve a pHor 3.5-5.5.

In some embodiments, the device comprises about 4.4 mg
naloxone hydrochloride djhydrate. In some embodiments.
the device comprises about 2.2 mg naloxone hydrochloridedihydrate.

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 T“, of between about 20 and about 30 minutes.

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

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 :about 2%. In some embodi—
ments, the 95% conlidence interval for dose delivered peractuation is eabout 2.5%.

In some embodiments, upon nasal delivery of said phar-
maceutical composition to said patient. less than about 20%
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of said pharmaceutical composition leaves the Essa] cavity
via drainage into the nasopharynit 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 nasopharyux or externally.

In some embtdiments, the. pies .a so .
time curve of said opioid antagonist in said patient has a
Tm, of less than 30 minutes. In some embodiments, the
plasma concentration versus time curve of said opioid
antagonist in said patient has a '1‘m, ofless than 25 minutes.
In some embodiments, the plasma concentration versus time
curve of said opioid antagonist in said patient has a TM, of
about 20 minutes. In some embodiments, the plasma con—
centration versus time curve of the cpioid antagonist in the
patient has a Tm“ of less than 19 minutes. In some embodi-
mean the plasma concentration versus time cur—ve- of the
opioid antagonist in the patient has a Tm, of about 18.511111111103.

In some embodiments, delivery of said therapeutically
effective amount to said patient, provides occupancy at Tm,
of said opioid antagonist at the opioid receptors in the
respiratory control center of said patient of greater than
about 90%. In some embodiments, delivery of said there-
peutically effective amount to said patient, provides occu—
pancy at Tm, of said opioid antagonist at the opioid recep-
tors in the respiratory control center of said patient of 319.31er
than about 95%. In some embodiments, delivery of said
therapeutically effective amount to said patient, provides
occupancy at Tm, of said opioid antagonist at the opioid
receptors in the respiratory control center of said patient of
greater than about 99%.

In some embodiments, said patient is free from respira-
tory depression for at least about 1 hour following treatment
comprising essentially of delivery of said therapeutically
effective amount of said opioid antagonist. In some embodi-
ments. said patient is free from respiratory depression for at
least about 2 hours following treatment comprising essen-
tially of delivery of said therapeutically effective amount of
said opioid antagonist. in some embodiments, said patient is
free from respiratory depression for at least about 4 hours
following treatment comprising essentially of delivery of
said therapeutically effective amount of said opioid antago-
nist. In some embodiments, said patient is free from respi—
ratory depression for at least about 6 hours following
treatment comprising essentially of delivery oi" said thera-
peutically effective amount of said opioid antagonist.

In some embodiments, said device is filled with said
phannaceutical 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 opioid antagonist is the only
pharrnaceulieally active compound in said pharmaceutical
composition.

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

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, nnlbtrphine, pcntazc-
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 eflective
amount of an opioid antagonist is delivered by an untrainedindividual.

Also provided are kits comprising a device described
herein and written instructions for using the device. Also
provided are kits comprising a device described herein and
an opioid agonist. In some embodiments the kit further
comprises written instructions. In some embodiments, the
opioid agonisl is selected from codeine. morphine, metha-
done, fentanyl, oxycodone HCI. hydtocodone bitartrate,
hydromorphone. oxymorphone, meperidine. propoxyphene.
opium. heroin. and certain narcotic-antagonist analgesics,
such as, nalbuphine, pentazmine and bitter-phenol. In some
embodiments, the opioid agonist is selected from tapentado]and 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 [emulating technolo-
gies have been developed for safer delivery of opioid
antagonists, but such formulations are still abused resulting
in opioid overdose. One such technolog {Abuse Deterrent
Prolonged Release Erosion Matrix (ADI-’REM)‘, Egaiet)
utilizes a water-degradable 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); lilite laboratories) utiliyes a pro-
prietary coating technology consisting of various polymers
that can sequester an opioid antagonist (naltrexone) in
fragile micropellets that are indistinguishable from the pet—
lets containing the 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 drug in both imme—
diate and sustained release form. Chrouodelivety Ionnuln-
tions using this technology can efi'eclively delay drug
absorption for up to five hours. Aversion (Acura Pharma-
ceuticals) utilizes certain proprietary combinations of func-
tional excipiertts (cg. gelling agents) and active ingredients
intended to discourage the most common methods of pre-
scriptiou drug misuse and abuse. Ingredients may include
nasal irritants (e.g.. capsaicin] and aversive agents (e.g..
niacin). In some embodiments. the opioid agonist is in a
tamper-proof formulation. In some embodiments. Ihe opioid
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agonist is in a tamper-resistant hirmulatiort. In some
embodiments, the opioid agonist is selected from Acurox®
Oxymdone DETERx®. Egalet hydrocodone, Egalet mor-
phine, Egalct oxyoodone, Exalgobi, OpanaOtJ, and
Remoxy®.
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 carrier(s)
must be “acceptable“ in the sense of being compatible with
the other ingredients of the formulation and not overly
deleterious to Ihe 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 surfactzmt andfor
a permeation enhancer). methylparaben. sodium benzoate,
benzoic acid phenyl ethyl alcohol. and the like. and mix—
tures thereof; surfactants such as Polysorbate 80 NF, poly-
oxyethylene 20 sorbitan monolaurate, polyoxyethylene (4)
sorbitan monolaurate, polyoxyethylene 20 sorbitan mono-
palntitate. polyoxyethylene 20 sorbitan monostearate, poly—
oxyethylene (4) sorbitan monostearate, polyoxyethylene 20
sorbitan tristearate, polyoxyethylcne (5) sorbitan
monooleate, polyoxyethylene 20 sorbitan trioleate, polyoxy-
ethylene 20 sorbitan monoisostearate, sorbitan monooleate,
sorbitan monolaurate, sorbimn monopalmitate, sorbitan
monostearate, sorbitan trilaurate, sorbitan trioleate. sorbitan
lristearate, and the like, and mixtures thereof; a tonicity
agent such as: dextrose, lactose, sodium chloride, calcium
chloride. magnesium chloride, sorbitol, sucrose, rnannilol,
trchalose. raflinose, polyethylene glycol. hydroxyethyl
starch, glycine, and the like. and mixtures thereof; and a
suspending agent such as microcrystalline cellulose, car—
boxymcthylcellulose sodium NF, polyacrylic acid, magne-
sium aluminum silicate. xanthan gum, and the like. andmixtures thereof.

The opioid antagonists described herein can be {omin-
lated into pharmaceutical compositions using techniques
well known to those in the art. Suitable pharmaceutically
acceptable carriers, outside those mentioned herein, are
known in the art; for example= see Remington: The Science
and Practice of Pharmacy, let ed, Lippincott Williams 8.:
warding. Philadelphia, Pa. (2005).

The opioid antagonists described herein may optionally
exist as pharmaceutically acceptable salts including phar—
maceutically acceptable acid addition salts prepared from
phannaceutically acceptable non-toxic acids including inor—
ganic and organic acids. Representative acids include, but
are not limited to. acetic, benzenL-sullhnie, bemoic, cam-
phorsulfnnic, citric. ethenesulfonic. dichlomacetic, formic,
fumaric. gluconic, glutamic, hippuric. hydrobromic. hydro—
chloric, iselhionic, lactic, maleic, malic, manchic, methane-
sulibnic, mucic, nitric= oxalic. pamoic, pantothenic, phos-
phoric. succinic. sulfuric, tartaric, oxalic. p—toluencsulfonic
and the like. such as those pharmaceutically acceptable salts
listed by Beige et al., Journal of Pharmaceutical Sciences.
66:1—19 (19??) The acid addition salts may he obtained as
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the direct products of compound synthesis. In the alterna-
tive. the free base may be dissolved in a suitable solvent
containing the appropriate acid and the salt isolated by
evaporating the solvent or otherwise separating the salt and
solvent. The opioid antagonists described herein may form
solvates with standard low molecular weigrt solvents usingmethods known to the skilled artisan.

Accordingly. provided herein are pharmaceutical formu-
lations for intranasal administration comprising, in an aque-
ous solution of not more than about 140 pl;

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

between about 0.2 mg and about 1.2 mg of an isotonicityagent:

between about 0.005 mg and about 0.015 mg of a com-
pound which is a preservative, cationic surfactant,
andi'or permeation enhancer;

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

an amount ofan acid suflicient to achieve a pH or 3.5—5.5.
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, or a hydrate Ihereof.

In some embodiments, said opioid antagonist is naloxone
hydrochloride dihydr-ate.

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

In some embodiments, the pharmaceutical formulation
comprises about 2.2 mg to about 13.2 mg of naloxone
hydrochloride dihydrate. In some embodiments, the plinth
maccutical formulation comprises about 4.4 mg to about U
mg of rialoxone hydrochloride dihyclmte. In some embodi-
ments, the pharmaceutical formulation comprises an amount
chosen from about 2.2 mg naloxone hydrochloride dihy-
dratc. about 4.4 mg of naloxone hydrochloride dihydIaIE.
and about 8.8 mg naloxone hydrochloride dihydrate. In
some embodiments. the pharmaceutical formulation com—
prises about 2.2 mg ofnaloxone hydrochloride dihydrate. In
some embodiments, the phannaccutical formulation com-
prises about 4.4 mg of naloxone hydrochloride dilrydrate. In
some embodiments. the pharmaceutical formulation com-
prises about SR mg of naloxone hydrochloride dihydrate,

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

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

In some embodiments, upon nasal delivery of said phar-
maceutical composition to said patient. less than about l0%
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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 Tm; of between about 20 and about 30 minutes.

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 actuation is :about 2%. In some embodi-

ments. the 95% confidence interval for dose delivered peractuation 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 nasopharyux 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 nasopharymr 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 Tm“
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
embodimean, the plasma concentration versus time curve of
said opioid antagonist in said patient has a Tm“ ofabout 20
minutes. In some embodiments, the plasma concentration
versus time curve of the opioid antagonist in the patient has
a Tm, of less than 19 minutes. In some embodiments, the
plasma concentration versus time curve of the opioid
antagonist in the patient has a Tm, of about 18.5 minutes.

In some embodiments, delivery of said pharmaceutical
formulation to a 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%. ln
some embodiments, delivery of said pharmaceutical formu-
lation 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 95%. In
some embodiments, delivery of said pharmaceutical formu-
lation to said patient, provides occupancy at 'l'mfl of said
opioid antagonist at the opioid receptors in the respiratory
control center of said patient of greater than about 99%.

la some embodiments, said patient is free from respira-
tory depression flat at least about I hour following treatment
comprising essentially of delivery of said therapeutically
elfective amount of said opioid antagonist. In some ernbodi—
merits, said patient is free from respiratory depression for at
least about 2 hours following treatment comprising essen—
tially ofdelivery of said therapeutically effective amount of
said opioid antagonist. In some embodiments, said patient is
free from respiratory depression for at least about 4 hours
following treatment comprising essentially of delivery of
said therapeutically effective amount of said opioid antago-
nist. In some embodiments, said patient is free from respi-
ratory depression for at least about 6 hours following
treatment comprising essentially of delivery of said thera-
peutically ellcctive amount of said opioid antagonist.
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Also provided herein are pharmaceutical formulations for

intranasal administration comprising, in an aqueous solution
of not more than about 140 ttL:

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

between about 0.2 mg and about 1.2 mg ol‘an isotonlcityagent;

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

beta-m about u r mg and about 0.5 mg of a stabilizingagent;

an amount of hydrochloric acid sufficient to achieve a p11or 3.5-5.5.

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

andr'or permeation enhancer is benzalkonium chloride;
the stabilizing agent is disodiurrr edetate; and
the acid is hydrochloric acid.
In some embodiments, the pharmaceutical formulation

comprises:

about 2.2 mg or about 4.4 mg naloitone hydrochloride
dihydrate,

about 0.?4 mg NaC-h
about 0.01 mg bcnzalkonium chloride;
about 0.2 mg disodium cdetate; and
an amotutl ofhydrochloric acid sufficient to achieve a pHor 3.5-5.5.

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

Also provided herein are pharmaceutical formulations for
intranasa] administration comprising, in an aqueous solution
of about 100 pL:

about 4 mg naloxone hydrochloride or a hydrate thereof;
between about 0.2 mg and about 1.2 mg of an isotonicityagent;

between about 0.005 mg and about 0.015 mg of a com—
pound which is a premative. cationic surfactant,
andr'or permeation enhancer;

between about 0.1 mg and about 0.5 mg of a stabilizingagent;

an amount ofan acid suflicicnt to achieve a pH or 3.5—5.5.
In some embodiments, the pharmaceutical formulationcomprrses.’

about 4.4 mg naloxonc hydrochloride dihydrate;
about 0.74 mg NaCl;
about 0.01 mg benralkonium chloride,
about 0.2 mg disodium edetute; and

an amount ol‘hydroehloric acid suilicient to achieve a pHor 3.5-5.5.

Also provided herein are pharmaceutical formulations for
inlranasal administration comprising, in an aqueous solution
of about 100 pL.‘

about 2 mg naloxone try'dml'derik u“ a by dmte th-reoi“,
between about 0.2 mg and about 1.2 mg ot‘an isotoniciryagent;

between about 0.005 mg and about 0.015 mg of a com—
pound which is a preservative, cationic surfactant.
andi’or permeation enhancer:
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agent;

an amount of an acid suflieient to achieve a pH or 35.5 .5.
In some embodiments, the pharmaceutical formulation

comprises:

about 2.2 mg naloxonc hydrochloride dihydrate;
about 0.?4 mg NaCl;
about 0.01 mg benzalkoniurn chloride;
about 0.2 mg disodium cdetatc', and
an amount of hydrochloric acid sufficient to achieve a pHor 3.5-5.5.

l.n sonte embodiments. the pharmaceutical formulation
comprises about 4.4 mg naloxone hydrochloride dihydrate.
in some embodiments, the pharmaceutical formulation coni—
prises about 2.2 mg naloxone hydrochloride dihydrate.

Provided are devices adapted for nasal delivery of a
pharmaceutical composition to a patient, comprising a thera—
peutically efiective amount of an opioid antagonist selected
from naloxcne and pharmaceutically acceptable salts
thereof. wherein the device is pre-primetl, and wherein the
therapeutically elfeetivc amount, is equivalent to about 2 mg
to about 12 mg ofnalexone hydrochloride. In some embodi-
ments. the therapeutically eil'octive amount is equivalent to
about 4.4 mg of naloxone hydrochloride. In some embodi—
ments. the therapeutically efl'ective amount is equivalent to
about 4.4 mg of naloxone hydrochloride. In some embodi—
menls. the pharmaceutical composition comprises a solution
ofnaloxonc hydrochloride dihydrate. In some embodiments.
the pharmaceutical composition further comprises one or
more excipients selected from water and NaCI. In some .
embodiments. the pharmaceutical composition is substan-
tially free of antimicrobial preservatives. In some embodi—
ments, the device is substantially free of benzalkoniurn
chloride, methylparaben, sodium benzoate, benzoie acid.
phenyl ethyl alcohol In some embodiments, the device is
filled with the phannaceutical composition in a sterile envi—
ronment. In some embodiments, the pharmaceutical com-
position is storage-stable for abOut twelve months at about
25" C. In some embodiments, the pharmaceutical composi-
tion comprises less than 0.1% wiw antimicrobial preserva-
tives. In some embodiments, the pharmaceutical composi-
tion comprises 0.01% wi’w or less antimicrobial
preservatives. In some embodiments. the pharmaceutical
composition comprises 0.01% why—0.001% wiw antimicro—
bial preservatives. In some embodiments, the pharmaceuti—
cal composition comprises less than 0.001% wiw antimi-
crobial preservatives.

Also provided are devices for “combination—therapy"
comprising pharmaceutical compo sitiorrs comprising at least
one opioid antagonisl described herein, together with at least
one known phannaccutical 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
naltrexone. In some embodiments, the pharmaceutical com—
position comprises naloxone and methylnaltrettone. In some
embodiments, the pharmaceutical composition comprisesnaloxorre and rralrneicnc.

Also provided are embodiments wherein any embodiment
above may be combined with any one or more of these
embodiments, provided die 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 reverse: the efl'ects ofopioids
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t”eluding respiratory depression, sedation and hypertension.
Also. it can reverse Ihe psychotomimetic and dysphoric
efi‘ects of agonist-antagonists such as pentazocine. Naloxcne
causes abrupt reversal of narcotic depression which may
result in nausea, vomiting, sweating, tachycardia. increased
blood pressure. tremulousness, seizures and cardiac arrest,
however, there is no clinical experience with naloxone
hydrochloride overdosage in humans. In the mouse and rat

the intravenous IDSO is 150:5 mgfkg and 10914 mgfkg
respectively. In acute subcutaneous toxicity studies in new-
born rats the LDSO (95% FL) is 260 (228—296) mgfkg.
Subcutaneous injection of 100 mgi'kg-‘day in rats for 3 weeks
produced only transient salivation and partial ptosis follow-
ing injection: no toxic efl‘octs were seen at 10 mgfkyday' for3 weeks.

Naloxonc hydrochloride injection is indicated for the
complete or partial reversal ol‘narcctic depression, including
respiratory depression. induced by opioids selected from:
natural and synthetic narcotics, propoxyphene, methadone,
and certain narcotic-antagonist analgesics: nalbuphine, pen—
ta'meine and hutorphanol. 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 an initial dose of 0.4 mg to 2 mg of
naloxonc 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 to 3 minute intervals. If no response is observer]
alter 10 mg of naloxone hydrochloride have been adminis—
tered. the diagnosis of narcotic—induced or partial narcotic—
induced toxicity should be questioned. The usual initial dose
in children is 0.01 mgfkg body weight given IV. If this dose
does not result in the desired degree of clinical improve-
ment, a subsequent dose of 0.1 trig/kg body weight may be
administered. When using naloxone hydrochloride injection
in neonates a product containing 0.02 mgi'ml. should beused.

It has also been reported that naloxone hydrochloride is an
cfl'ective agent for the reversal ot‘ the cardiovascular and

respiratory depression associated with narcotic and possibly
some non-narcotic overdoses. The authors stated that due to
naloxonc's pharmacokinetic profile, a continuous infirsion
protocol is recommended when prolonged narcotic antago-
nist efl'ects are required. [Ilandal et at, Arm Fmerg Med.
1983 July; 12(?)L438-45).

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
ell'ectivc amount of an opioid antagonist selected from
naloxone and pharmaceutically acceptable salts thereof.
wherein said therapeutically efi‘ective amount is equivalent
to about 2 mg to about 12 mg ofnaloxone hydrochloride or
a hydnrte thereof. In some embodiments, the therapeutically
effective amount of an opioid antagonist selected from
nalcxone and phannaceutically acceptable salts thereof is
delivered in not more than about 140 uL of an aqueouscarrier solution.

In certain embodiments. also provided herein are methods
of treating opioid overdose or a symptom thereof. compris-
ing nasally administering to a patient in need thereof a
therapeutically effective amount of an opioid antagonist
selected from naloxone and pharmaceutically acceptable
salts thereof, wherein said Iherapeutically ell'ective amount
is equivalent to about 2 mg to about 12 mg of rialoxone
hydrochloride or a hydrate thereof in not more than about
140 pl. of an aqueous carrier solution,
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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 effective amount of an opioid
antagonist selected from naloxone and phar-ritaoeulically
acceptable salts thereof, wherein said therapeutically etl'ec-
tive amount is wuivalent to about 2 mg to about 12 mg of
naloxorte 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 pharmaceuticalcomposition.

In some embodiments, said opioid antagonist is naloitone
hydrochloride. In some embodiments, said opioid antagonist
is naloxone hydrochloride dihydiate.

In some embodiments. said phannaecutieal composition
comprises a solution ofnalortone 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 effective
amount of an opioid antagonist is delivered by an untrainedindividual.

In some embodiments, said therapeutically effective
amount is equivalent to about 4 mg to about It) mg of
naloxone hydrochloride. In some embodiments, said thera-
peutically effective 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
elfective amount is equivalent to about 2 mg of naloxone
hydrochloride. In some embodiments, said therapeutically
efl'ective amount is equivalent to about 4 mg of naloxone
hydrochloride. In some embodiments, said therapeutically
elfective 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 eflective
amount is about 2.2 mg to about 13.2 mg of naloxone
hydrochloride dihydrate. In some embodiments, said then:—
peutieully effective amount is about 4.4 mg to about 1] mg
ofnaloxo rte hydrochloride dibydrate. In some embodiments,
said therapeutically effective amount is an amotmt chosen
from about 2.2 mg naloxone hydrochloride dihydrate, about
4.4 mg of nalortone hydrochloride dihydrate. and about 8.8
mg naloxone hydrochloride dihydrate. In some embodi~
ments. said therapeutically elfective amount is about 2.2 mg
ofnaloxone hydrochloride dihydrate. In some embodiments.

said therapeutically efi‘ective amount is about 4.4 mg of .
traloxone hydrochloride dihydrate. In some embodiments.
said therapeutically eifective amount is about 8.8 mg of
nalottone hydrochloride dihydrate.

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

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 finger-nails or lips. slack or limp muscle tone,
contracted pupils, and vomiting.

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

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 efl'eclive

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

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

In some embodiments, said therapeutically efi'ective
amount is equivalent to about 2 mg of naloxone hydrochlo-ride.

In some embodiments. said therapeutically effective
amount is equivalent to about 4 mg ofnaloxone hydrochlo-ride.

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

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

In some embodiments, said opioid antagonist is naloxone
hydrochloride.

In some embodiments, said rrasally 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 nasopharynx 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%
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
In,“ 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
Tm“ of about 20 minutes.

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

In some embodiments, said opioid overdose symptom is
respiratory 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.

In some embodiments, said respiratory depression is
induced by opioids selected from: natural and synthetic
narcotics. propoxyphene, methadone. nalbuphine, pentazo~
clue and butorphanol.

In some embodiments, said respiratory depression is
induced by an opioid selected from codeine, morphine,
methadone, tentanyl, oxycodone HCI, hydrocodone bitar~
trate, hydromorphone, oxymorphone, meper-idine, property—
phone, opium, heroin, tramadol, tapentadol.
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In some embodiments, said patient is free from respira-
tory depression for at least about 1 hour following treatment
comprising essentially of delivery of said thempeuticelly
etlective amount of said opioid antagonist.

In some embodiments, said patient is free from respira-
tory depression for at least about 2 hours liallowing treat-
ment comprising essentially of delivery of said therapeuti—
cally efi‘eetivc amount of said opioid antagonist.

in some embodiments, said patient is free from respira-
tory depression for at least about 4 hours lollowing treat-
ment comprising essentially of delivery of said therapeuti-
cally effective amount of said opioid antagonist.

In some embodiments, said patient is free front respira-
tory depression for at least about 6 hours following treat-
ment comprising essentially of delivery of said therapeuti—
cally 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-
dons, kits, and methods of treatment described herein for use
in the treatment of an opioid overdose symptom selected
from: respiratory depression. postoperative opioid reSpira-
tory depression, altered level consciousness, miotic pupils.
cardiovascular depression. hypoxemia. acute lung injury,
aspiration pneumonia, sedation, and hypotension. Also pro—
vided are the devices. pharmaceutical compositions, kits.
and methods of treatment deseribed herein for use in the
reVersal of respiratory depression induced by opioids. In
some embodiments, the respiratory depression is caused by
the illicit use of opioids or by an accidental misuse of
opioids during medical opioid therapy. Also provided are the
devices, pharmaceutical compositions, kits, and methods of
treatment described herein for use in the complete or partial
reversal ofnarcotic depression. including respiratory depres—
sion. induced by opioids selected from: natural and synthetic
narcotics, proportyphene. methadone, nalbuphine, penlaro-
cine and hutorphanol. In some embodiments, narcotic
depression, including respiratory depression, is induced by
an opioid agonist selected from codeine. morphine, metha-
done, fentanyl. oxymdone IIC]. hydrocodone bitartrate,
hydromorphone. oxymorphonc, meperidine. propoxyphene,
opium. heroin. tramadol. and tapenradol.

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 thereof a therapeutically effective amount of
an opioid antagonist selected from nalortonc and pharma-
ceutically acceptable salts thereof, wherein the therapeuti-
cally effective amount is equivalent to about 2 mg to about
12 mg of naloxone hydrochloride. In some embodiments,
the patient is not breathing. Also provided are devices
adapted for nasal delivery of a pharmaceutical composition
to a patient, comprising a therapeutically etfective amount of
an opioid antagonist selected from naloxone and phanna-
ceutically acceptable salts thereof, wherein the device is
pre~primed, and wherein the therapeutically efi‘ective
amount, is equivalent to about 4 mg to about 12 mg of
naloxone hydrochloride. In some embodiments, the thera—
peutically cfiiective amount is equivalent to about 2 mg to
about 24 mg of naloxone hydrochloride. In some embodi—
ments, the therapeutically effective amount is equivalent to
about 3 mg to about 13 mg of naloxone hydrochloride. In
some embodiments, the therapeutically elfective amount is
equivalent to about 4 mg to about 10 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
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effective amount is equivalent to about 5 mg to about 11 mg
ot‘naloxone hydrochloride. In some embodiments, the thera-
peutically efi'ective amount is equivalent to about 6 mg to
about 10 mg of naloxone hydrochloride. In some embodi—
ments, the therapeutically efibctlve 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 1" mg to about 9 mg of ualoxone
hydrochloride. In some embodiments. the therapeutically
eli'ective amount is equivalent to about 3.4 mg of naloxone
hydrochloride, in some embodiments, the therapeutically
etfective amount is oquivaIent to about 4 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
efleetive amount is equivalent to about 5 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
effective amount is equivalent to about 6 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
efl‘ective amount is equivalent to about 3’ mg of naloxone
hydrochloride. In some embodiments, the therapeutically
effective amount is equivalent to about 8 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
effective amount is equivalent to about 9 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
eEective amount is equivalent to about 10 mg of naloxone
hydrochloride. In some embodiments, the therapeutically
efi‘ectivc amount is equivalent to about lI mg of naloxone
hydrochloride. In some embodiments, the therapeutically
effective amount is equivalent to about 12 mg of naloxone
hydrochloride, In some embodiments, the opioid antagonist
is the only pharmaceutically active compound in pharma—
ceutical composition. In some embodiments, the opioid
antagonist is naloxoue hydrochloride. In some embodi-
ments, the opioid antagonist is anhydrous naloxone hydro-
chloridc. In some embodiments, the opioid antagonist is the
only phamraceutically active compound in said pharmaceu—
tical composition. In some embodiments, the opioid antago-
nist is naloxone hydrochloride. in some embodiments, the
pharmaceutical composition comprises a solution oi'nalox-
one hydrochloride. In some embodiments, the nasally
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 lcvel 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 thempy. In some embodiments, the respira-
tory depression is induced by opioids selected from: natural
and synthetic narcotics, propoxyphene, methadone, nalbu—
phjne. pontazocine and butorphanoI. In some embodiments,
the respiratory depression is induced by an opioid agonist
selected from codeine, morphine, methadone, tcntanyl, oxy-
codone HCl. hydrocodone bitartrate, hydmmorphone. oxy—
morphone, meperidine, propoxyphcne. opium. heroin, tra-
madol, and tapentadol.

Also provided are devices, kits, and phannaocutical 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 com—
prises nasally administering to a patient in need thereof
therapeutically cfl'ective amounts of a short—acting opioid
antagonist and a long-acting opioid antagonist. In some
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embodiments, the method minprises basally administering
to a patient in need thereof Iherapeutically efl'ective amounts
of nnloxone and naitrcxonc. In some embodiments, the
method comprises nasally administering to a patient in need
meteof therapeutically effective amounts of naloxonc and
methylnalucxone. in some embodiments. the method com-
prises nasally administering to a patient in need thereof
therapeutically effective amounts of nalottone and nalme-fene.

Also provided are devices, kits, and pharmaceutical for-' s Ainitiations 9" M
M, at“. methods t' , reversing the psychotorni-

nietic and dysPhor-ic ellects of agonist-antagonists such as
pentazocine, 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 effec—
tive amount is equivalent to about 2 mg to about 12 mg of
naloxone hydrochloride. In some embodiments, the them—
peutically efl'ective amount is equivalent to about 4.4 mg of
naloxone hydrochloride. In some embodiments, the thera-
peutically efl'ective amount is equivalent to about 4 mg of
naloxone hydroehloride dihydratc. In some embodiments,
the nasally administering is accomplished using a devicedescribed herein.

Also provided are devices, kits, and pharmaceutical for—
mulations for, and methods of. diagnosis of suspected acute
opioid overdesage, comprising nasally administering to a
patient in need thereof a therapeutically efl'ective amount of
an opioid antagonist selected from naloxone and phanna- .
ceutically acceptable salts thereof, wherein the therapeuti-
cally efleclive amount is equivalent to about 2 mg to about
12 mg of naloxone hydrochloride. In some embodiments,
the therapeutically elfective 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 naloitone hydrochloride dihydrate. In some embodi-
ments, the nasally administering is accomplished using adevice described herein.

Also provided are devices, kits. and pharnraeeutiCal for-
mulations for, and methods of. treating opioid addiction,
comprising nasally administering to a patient in need thereof
a therapeutically effective amount of an opioid antagonist
selected from naloitone and pharmaceutically acceptable
salts thereof. wherein the therapeutically effective amount is
equivalent to about 2 mg to about 12 mg of naloxorre
hydrochloride. In some embodiments, the therapeutically
effective amount is equivalent to about 4 mg of naloitone
hydrochloride. In some embodiments, the therapeutically
effective 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 l'or-
mulations for. and methods of, treating septic shock, com-
prising nasally administering to a patient in need thereof a
therapeutically eii'ective amount of an opioid antagonist
selected from naluxone and phanuaceutically acceptable
salts thereof, wherein the therapeutically ell'ectivc amount is
equivalent to about 2 mg to about 12 mg of naloxone
hydrochloride. In some embodiments, the therapeutically-
efl'ective amount is equivalent to about 4 mg of naloitone
hydrochloride. In some embodiments, the therapeutically
eflective amount is equivalent to about 4.4 mg of naloxone
hydrochloride dihydralc. In some embodiments. the nasally
administering is accomplished using a device describedherein.
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Also provided are devices, kits, and pharmaceutical lor—
mulations for, and methods of, treating opioid overdose or a
symptom thereof. reversing the psychotomimetic and dys-
phoric efi'ects of agonist-antagonists such as pentazocine,
diagnosing suspected acute opioid overdosage, treating opi-
oid addiction, or treating septic shock, comprising nasally
administering to a patient in need thereof a therapeutically
efiecrive amount ofan opioid antagonist, wherein the thera-
peutically efl'ective amount is about 2 mg to about 12 mg. In
some embodiments, the therapeutically effective amount is
equivalent to about 4.4 mg of naloxone hydrochloride dihy-
drate. In some embodiments, the therapeutically effective
amount is equivalent to about 4 mg of naloxone hydmehlo-
ride. In some embodiments, the patient is an opioid overdose
patient. In some embodiments, the patient is not brealhing.
In some embodiments, the opioid antagonist is the only
phannaeeutically active compound in said pharmaceutical
composition. In some embodiments. the opioid antagonist is
selected from naltrexone, methylnaltrexone. and nalmefene.
and pharrnaccutically acceptable salts thereof. In some
embodiments, the opioid antagonist is naltrexone hydrochlo—
ride. In some embodiments. the opioid antagonist is meth—
ylnaltreitone 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 depre5sion, altered level
consciousness, miotic pupils. cardiovascular depression,
hypoxemia, acute lung injury, aspiration pneumonia, seda—
tion, and hypotension. In some embodiments, the opioid
overdose symptom is respiratory depression induced by
opioids. In some embodiments. the respiratory depression is
caused by the illicit use ol'opioids or by an accidental misuse
ol'opioids during medical opioid therapy. In some embodi-
ments, the respiratory depression is induced by opioids
selected from: manual and synthetic narcotics. property—
phene, methadone, nalbuphine, penlazocine and butnrpha-
no]. In some embodiments. the respiratory depression is
induced by an opioid agonist selected from codeine, mor-
phine. methadone. I'entanyl. oxycodone HCI, hydrocodonc
bitarn'ate, hydromorphone. oxymorphone. meperidine,
propoxyphene, opium, heroin, tramadol, and lapentadol.

Various eating disorders, including binge eating, bulimia,
arid stimulus‘induced over-eating, develop because the
behaviors are reinforced by the opioidergic system so ofien
and so well that the person no longer can control the
behavior. Thus eating disorders resemble opiate addiction
and alcoholism. Accordingly. also provided are devices, kits.
and pharmaceutical formulations for, and methods of, treat-
ing an eating disorder selected from binge eating, bulimia,
and stimulus-induced overeating, comprising nasally
administering to a patient in need thereof a therapeutically
effective amount of an opioid antagonist, wherein the thera-
pentically efl'ective amount is about 2 mg to about 12 mg. In
some embodiments, the therapeutically efl'ective amount is
equivalent to about 4 mg of naloxone hydrochloride. Ill
some embodiments, the therapeutically effective amount is
equivalent to about 4.4 mg of naloxone hydrochloride. In
some cmbodirnean, the opioid antagonist is the only phar—
maceutically active compound in said pharmaceutical com-
position. In some embodiments, the opioid antagonist is
selected from nalLrexone, methylnaltrekone, and nelmefene,
and phamtaceutically acceptable salts thereof. In sortie
embodiments, the opioid antagonist is nahrexnne hydrochlo-
ride. ln some embodiments, the opioid antagonist is meth—
ylnaltrexone bromide. In some embodiments, the opioid
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antagonist is nalmefene hydrochloride. In some embodi-
ments, the nasally administering is accomplished using adevice described herein.

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.

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 drug efficacy, provided a
suitable radioligaud is available, Although SPECT has cer-
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
positron-emitting r-adionuelides. Positron—emitting radionu-
clides include “c, ”N, '50, ”F. ”Fe, 62(311, “in, 6“ea.
7“As. a29th, 5”Zr, ”31, and ”“1. Non-metal radionuclides
may be covalently linked to the targeting molecule by
reactions well known from the state of art. When the
radionuclide is a metallic positron-emitter, it is understood
that labeling may require the use of a chelating agent. Such
chelating agents are well known from the state of the art.

The positron-emitter labeled compound is administered
directly, e.g._. 1V, or indirectly, e.g.. IN. into the subject‘s
vascular system, from where it passes through the blood—
brain barrier. Once the tracer has had suflEieient time to
associate with the target of interest, the individual is placed
within in a scanning device comprising ring of scintillation
detectors. An emitted positron travels through the individu-
al‘s tissue for a short (isotope-dependent} distance, until it
interacts with an electron, The interaction 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 of naloxonc (such as 1-2 mg).
to delivery of naloxone using other nasal devices (such as
the MAD“) and by other routes of administration such IM
or IV naloxone or oral naltrexone or nalmelcne. Further
comparisons may be made between nasal administration in
the upright versus the lying or supine positions. Useful
measures that may be determined in such studies are the time
to onset of action, brain half-life, and the percent receptor
binding or occupancy of a patient's opioid receptors, for
example, the p-opioid receptors in the respiratory center in
the medulla oblongata.

[”C]Carfentanil [CFN) is a u~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
inverse agonist (GSK1521498) (Rabiner et al.. Pharmaco—
logical dr’firenrr'art'on of opioid receptor antagonists by
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molecular andfrrncrionaf imaging offarger orcupanev and
fired Wrd-reiated brain activation in humans. Molecular
Psychiatry (201 1) 16. 326-835). Each participant underwent
up to three [”C]-cari'entanil PET scans and two fMRl
examinations: one [“C]-carfenlanil PET scan and one {MRI
scan at baseline (before dosing) and up to two PET scans and
one fM'RI scan following oral administration of a single dose
of [iSK1521498 or naltrexone. The administered doses of

(iSK1521498 or naltrexone were chosen adaptively to opti-
mize the estimation of the dose-occupancy relationship for
each dmg on the basis of data acquired from the preceding
examinations in the study. The administertxi dese range was
0.4400 mg for GSKISIEMQS, and 2-50 mg for naltrexone.
The maximum doses administered were equal to the maxi—
mum tolerated dose of GSK1521498 determined in the
first-in-hurnan study and the standard clinical dose of nal-
trcxone used for alcohol dependence. 'Ihe times and doses of
the two post—dose [“LTJ-carfentanil Pl-i'l‘ scans were chosen
adaptively for each subject to optimize estimation of the
relationship between plasma concentration and receptor
occupancy, Post—dose [J ’Clcart‘entanil PET scans were
acquired at 3—36 h after the administration of GSK1521493
and at 3-88 h after the administration of naltrexone. Post—
dose MRI scans were acquired within 60 min of the first
post‘dose Pli’l‘ scan. Venous blood aeroples were collected at
regular intervals throughout the scanning sessions. High-
performance liquid chromatographylmass spectrometry:r
mass spectrometry was used to estimate the plasma concen-
trations of GSK1521498, naltrexone, and the major
metabolite of naltrexone, fi-[i-naltrexol. Drug plasma con-
cenlration at the start of each PET scan was used to model

the relationship betWeen drug concentrations and u-opioid
receptor occupaneies. Carfentanil (methyl 1-(2-phenyl—
ethyl)-4-(phenyl(propanoyl)a.mino)—4—piperidinecarboxylate
38, SS;Advanccd Biochemical Compounds. Radeberg, Ger—
many). a potent selective tc-opioid receptor agonist, was
labelled with carbon—l 1 using a modification ofa previously
described method implemented using a semiautomated
Modular Lab Multifiinctional Synthetic Module (Eckert 8r.
Ziegler, Berlin, Germany). The final product was reformu-
lated in sterile 0.9% saline containing 40% ethanol (vlv)
and satisfied quality control criteria for specific activity and
purity before being injected intravenously as a slow bolus
over ~30 s. PET scanning was conducted in three—dimen-
sional mode usinga Siemens Biograph t5 Iii-Rea PE'llCl' for
the naltrexone group and a Siemens Biograph G T'ruePoint
PET-CT for the GSK1521498 group (Siemens llealthcare,
Erlangen, Germany). A low-dose CT scan was acquired for
attenuation correction before the administration of the
radiotracer. Dynamic PE'I' data were acquired for 90 min
alter |“C]—carl'entanil injection binned into 26 frames (du-
rations: leS 5, 3x60 s, 5x2 min, 5x5 min and 5x10 min),
reconstructed using Fourier re~binning and a two-dimen—
sional—filtered back projection algorithm and then smoothed
with a two—dimensional Gaussian filter (5 mm at firl] width
half maximum). Dynamic PET images were registered to
each participant‘s 'l‘l-weighted anatomical MRI volume and
corrected for head motion using SPMS software (Wellcome
Trust Centre for Neuroimaging). Pre—selected regions of
interests were defined bilaterally on the Tl-weighted ana-
tomical volume using an in-house atlas and applied to the
dynamic PET data to generate regional time-activity curves
The [“Cl-carfentanil—specific binding was quantified as
binding potential relative to the non—displaeeable compan-
tnent (BI’ND)
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where rm, is the free fraction of the radioligand in the brain,
K0 is the aflinity of [”Ci-carfcntanil, and BM” is the
density of the available n—opioid receptors. Regional [11C]-
carfentanil RPM, was estimated using a reference tissue
model with the occipital cortex as the reference region. Drug
related occupancy of the tit—opioid receptor was quantified as
a reduction of |“C]—eari'entan.i1.

mm W — anJr
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The affinity constant for each drug at the u—opioid receptor
{effective concentration 50 (E50) was estimatedby fitting the
plasma concentration measured at the start of the PET scan,
C9,)“, to the estimated occupancy:

(t’fl!“

Occupancwa =m
n, _

The use ofa sensitive non-tomographic positron detecting
system to measure the dose-response curve of naloxone in
human brain has also been reported. [“CjDiprenorphine
was administered to normal volunteers in tracer amounts
and, 30 min later. various bolus doses of naloxone were

given (LS-160 ugfkg) intravenously and change in [”C]
diprenorphine binding monitored over the next 30 min.
Approximately 13 pgt'l-tg of naloxone (approximately 1 mg
in an 30 kg man) was required to produce an estimated 50%
receptor occupation, consistent with the clinical dose of

naloxone used to reverse opiate overdose (0,4 org-1.2 mg).
lviciichar et a1, Nofoxone displammenr or opioid receptor
sites measured in vivo in the human brain. Eur J Pharmacol.
2006 Jan. 17; 459(2-3):217-9).

In some embodiments of the devices, kits, pharmaceutical
formulations, and methods disclosed above, delivery of the
therapeutically effective amount to the patient, provides
occupancy at I'M, of the opioid antagonist at the opioid
receptors in the respiratory conlrol center of the patient of
greater than about 90%. In some embodiments, delivery of
the therapeutically eii'ective 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 about 95%, In some embodiments. delivery of
the therapeutically efiective 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 about 99%. In some embodiments. delivery of
the therapeutically effective amount to the patient, provides
occupancy at TM“ ol‘ 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.
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EXAMPLES

Example 1

Pharmacokinetics and Safety of Inn-anasal
Naloxonc in Humans (Study 1}

A clinical trial was performed for which the primary
objectives were to determine the pharmacokinetics (PK) of
2 inn-anasal (1N) doses (2 mg and 4 mg) of aaloxone
compared to a 0.4 mg dose of naloxone administrated
intrarnuseularly (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 (erytherna, edema, and erosion).

Methodology: This was an inpatient open-label, modem-
ized, 3-period, 3—treatrnent, 5—sequence, crossover smdy
involving 14 healthy volunteers. Subjects were assigned to
one of the 6 sequences with 2 subjects in each sequence (2
sequences had 3 subjects). Each subject receide 3 naloxone
closes, a single 2 mg lN dose (one spray of 0.1 ml. of 10
mgfml. solution in each nostril), a single 4 mg IN dose (2
sprays of 0.1 mL per spray of 10 rugfrnL solution in each
nostril) and a single 0.4 mg lM 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 panicipate
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).
On 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 naloxonc PK prior to dosing
and approximately 2.5, S, 10, 15, 20, 30, 45, 60, 120, 130,
240, 300, 360, 480 and fit“) min after the start of study drug
administration. On days of study drug administration, a
lZ-lead ECG was performed approximately 60 min prior to
dosing and at approximately 60 and 480 min post-dose. Vital
signs were measured pre-dose and approximately 30, 60.
120, and 480 min post—dose. 0n dosing days, the order of
assessments was ECG, Vital signs. then PK blood collection
when scheduled at the same nominal times. ECG and vital
signs were collected within the 10-min period before the
nominal time ofblood collections. At screening, admission,
discharge, and follow—up, ECG and vital signs were checked
once per day. Vital signs were also checked once on the day
after naloxone administration. Clinical laboratory measure-
ments were repeated 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 laboratory
parameters.

Main Criteria for InclusionlExclusion: [lealthy volunteer
adults with a body mass index (BMI)of18—30 kyml.

investigations] Product, Dose and Mode ofAdministra-
tion: Naloxonc given IN was at a dose of 2 mg (] squirt in
each nostril delivered 0.] mL of 10 mgme nnloxone) and 4
mg (2 squirts in each nostril delivered 02 mljnostril at 10
nigr'mL naloxone. using two devices). IN naloxone was
administered using a Pfeiffer (Aptar) BiL)ose liquid device
with the subject in a fully supine position.
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Duration ofTreatment: liach TN and IM dose was admin-
istered once in each subject in random sequence.

Reference Therapy, Dose and Mode of Administration:
Naloxone was given 1M at a dose of 0.4 mg in [.0 mL with
a 23-3 needle as a single injection in the gluteus maximus 5muscle.

PK livaluation: Blood was collected in sodium heparin
containing tubes for naloxone PK prior to closing and 2.5, 5,
10, 15, 20, 30, 45, 60, 120, 180, 240, 300, 360. 480, and 720
min after the start of study drug administration. Non- m
compartmental PK parameters including Cm”, Tm”, AUC
to infinity (AUC0_,,.), AUC to last measurable concentration
(AUCM), tm, fig. and apparent clearance (CLIP) were
determined. Values of tm were determined from the log-
linear decline in plasma concentrations from 2 to 6 or 8 h.

Safety Evaluation: Heart rate, blood pressure, and respi-
ration rate was recorded before naloxone 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 alter each dosing session and at
follow—up. A 12-lead ECG was obtained prior to and
approximately 60 and 480 min after each naloxone dose, as
well as during screening, clinic intake, and follow-up. ECG
and vital signs were taken within the 10-min period before
the nominal time for blood collections. .4135 were recorded
from the start of study—drug administration until clinic
discharge. AEs were recorded relative to each dosing session
to attempt to establish a relationship between the All and
type of naloxone dose administered. An examination of the
nasal passage was conducted at Day-1 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”, Tm and
AUC for 2 and 4 mg 1N naloxone were compared with these
for 0.4 mg 1M naloxone. Within an ANOVIA framework.
comparisons ofnatura] log (LN) transformed PK parameters
(Cm; and AUC) l'or IN versus 1M naloxone ueatrnents were
performed. The 90% confidence interval (CI) for the ratio
(INHM) of the least squares means of AUC and Cm,
parameters was constructed. These 90% CI Were obtained by
expouentiation of the 90% confidence intervals for the
difference between the least squares means based upon a t .N
scale. In addition, dose adjusted values for AUCs and CMm
based upon a 0.4 mg dose were calculated (Tables 4-7). The
relative extent of absorption (relative bioavailability, Fwy) of
intranasal (1N versus 1M) was estimated from the dose-
conectcd AUCS.
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Statistical Analysis of Adverse Events: AEs were coded

using Hie most recent version of the Medical Dictionary for
Regulatory Activities (MedDRA). 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.

Pharmacokinetics Results: The mean dose delivered for
the 2 mg IN naloxone dose was 1.71 mg (range 1.50 mg to
1.30 mg) and for the 4 mg 1N naloxone dose it was 3.40 mg
(range 2.93 mg to 3.65 mg). This was 84-85% ofthe target
dose. The overall % coefficient ot‘variation (“/6 CV) for the
delivered dose from all 42 devices was 6.9% (Table 9).
Preparation time of the IN doses took less than one third of
the time to prepare the TM injection (20 seconds for the 1M
injection and 20 seconds for the IN administration) (Table
3). The time to prepare the TM injection did not include
leading the syringe. Since the one purpose of the study was
to determine if peak naloxone plasma concentrations (Cmn)
and AUCs following 1N 2 mg and IN 4 mg administrations
were equivalent to. or greater than 1M 0.4 mg dosing, AUCs
and C,"m values were compared without considering the
dose difl'erence among treatments. The Cum, AUCW. and
AUCUJ 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<0.00]). The geometric least square means for
CM“. were 2.18 ngfml., 3.96 nymlu and 0.754 ngt'mL for IN
2 mg, IN 4 mg and Rd 0.4 mg, Iuspectively. The geometric
least square means for AUCO_,, were 3.32 ng-hr'mh 5.47
ugh-“ml, and 1.39 ng-hr'mL for IN 2 mg, IN 4 mg and 1M 0.4
mg respectively. The geometric least squares mean ratios for
[N 2 mgr’IM 0.4 mg were 290% for Cm“ and 239% for
AUG“. The ratios for IN 4 mgflM 0.4 mg were 525% for
Cm,r and 394% for AUCn_,,,. There Were no statistically
significant difl'erencm between the routes and closes with
respect to Tm“, suggesting peak effects would occur at
similar times for all treatments. However, the mean Tm“
values did trend lower for the IN route versus 1M, and for 4
mg IN versus 2 mg IN. (Set: 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 erythcma, edema, erosion, or other
sign was observed in the nasal cavity prior to or after any IN
administration of naloxone at 2 and 4 mg to both nostrils.
One subject experienced mild transient (over I’- min) pha-
ryngeal pain coincident with the application of the 2 mg 1N
dose. This pain resolved spontaneously. Vital signs, ECG,
and clinical laboratory parameters did not reveal any clini-
cally noteworthy changes after naloxone administration.
There was no evidence of QTcF prolongation.

TABLE 1 
Order ofNalexoae Doses and. Route ofAdmirtistrarion for each Sub'ee‘t

Subject Sequence Dosing Session Dosing Session Dosing Session
1! ID Ii #1 Day I #2 Day 5 #3 Day 9————._.—._—__

1 102 s 4 mg TN 2 mgIN 0.4 mg nvt
2 10]" 6 0.4 mg 1M 4 mg I)! 2 mg IN
3 112 l 2 mgI'N 4mglN 0.4 ntglM
4 1|"! 3 0.4 mgIM 2mglN 4mglIN
5 120 1 2 mgl'N 4 mg 131 0.4 mglM
b 123 2 4 mg I'N 0.4 mg 1M 2 mg TN
1 121‘I 3 0.4 mg TM 2 mg IN 4 mo IN
8 12B 5 4mgIN 2111ng 0.4 mgIM
9 133 2 4 mg IN 0.4 mg 1M 2 mg m

10 113 4 2 nigl'N 0.4 mg 154! 4 mg TN
11 114 l 2 mgl'l’fl 4 rag W 0.4 mg [M
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TABLE l—mntinued—————_—.______
 

Order of Nalomng Doses and Em; ofmmion for each Suh'gcl

Subject chuennc Dosing Sminn lhsing Session Dosing Session
:1 11) 11 m Day-1 1121:1231 5 113 1211319————-——_—_—__

I}. 119 IS [1.41nglM 41113114 2 mg IN
13 m 4 2 mg IN 0.4 0131M 4 1115 IN
14 135 5 4 11-1315 2 111g IN 0.‘ mg 1111

TABLE 211
Summary 01531131100: Hummkinetic Parameters
Following Nalumnc as 0.4- mg Intramuscular [1M].
2 E! Intmnasal 51311a and 4 Q; [N Adminjslrmjons

M _A151N_ _£Ln3TN_

 

Parameter Mean % CV Mean ‘1': CV Mean % (IV———.—..—__
D086 (mg) 0.400 1.114 5.? 3.403 5.?
cm [mg-THU 0.165 21.0 2.32 41.2 4.55 53.1
Tm (111111) 20.34 315.1 19.98 31.0 18.42 33.6
103139., 11g - 1111111. 1.33 19.9 3.41 29.5 5.6.1 21.0
AUCu...‘ Eng ' 112'le 1.42 1.91.2 3.44 29.3 5.68 2?.fi
1113.111311] [1.591 1.6.6 0.5 83 0.5312 8.0 10.2
I”; (11) 1.21 20.1 1.19 [1.3 1.22 10.2

TABLE 31

Summary of Naloxnne Phannamkincn‘e Faramenels Following
Kali-111011: as [1.41113 Intramuscular (1M). 2 mg Lnrranasal UN].mddmuFNAdmLh " m. i... 0.31

  
Pawn-1:1 Mean % CV Mean ‘11: CV Man ”43 CV——-———...__
111.1:o ,3 us . 11me 1.311 19.9 0.195 20.1 0.551 29.4
Anchwng- hImL 1.42 19.2 2115 0.014 0.804 29.3
FM 0.511 24.5 0.415 25.1

TABLE 4

 

 

Statistical Cemparison of Geometric Least Sqwss Mean
[015111] of Pharmanokimtjc Parameters

far IN Naluxune at 21 Des: 01'2 mg. to IM Naloxtme
at 3 Dose of (1.4 mg with N0 Dose Adjustment

GLSM GLSM 0.4 (EL-SM Ratio 90% CI of p-
 

 

Parameter 2 mg IN mg 1M NINA; Ratio valn:

Cm (mg-’mL] 2.13 0.?54 290 2311-353 '101101
Tm,r (I!) 1.000 [1.333 [1.3011 — —
AU(Io,, 3.23 1.35 243 219-210 (0.00]
(11g - hImL]
AUCM 3.32 I 39 239 215—254 {0.03}
mg ‘ hfmI ]
11121111 1.111 1.19 102 9411—111 0.6501

TABLE 5 

Statistical Comparison of Geometric Lam
Squares Mean (GI.SM}01' Pham-tacokjnetic

Parameters for IN Naloxun: 111.3 Dnsc 01‘4 mg :0 1M Nalomm:
g a m of 0.4 mg with No 1305: Arlmmfl;

GLSM G1 SM “.4 GLSM Ratio 90% CI r»
Paraluclcr 4 mg 1N mg TM M11190 of Ratio value~—.—.—._—.—
Cm (nymL) 3.96 0.154 525 4317640 <0.001
TM," {11) 1.000 0.292 0.3113 0.415
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TABLE S—wntinued

Statistical Comparison ofGenmztric Lem
Squm Mean (STEM) of Phannaonkinct'lc

Paramems for IN Nalo‘xone a1 a D05: 01‘4 mg to I'M Naloxnneat a Dual: 01 0.4 m with N0 Dose Ad' 11:1
GLSM 111.5111 0.4 GLSM Ratio

4 mg l'N mg 11.1 nvmw.
90% (:1 p-

Paramcter of 113110 value

AUCD_, 5.41 1.35 401 351.445 40.001
[mg - h-‘mL?
AL'C‘H 5.4'1' 1.39 394 35 5-436 1:81.001
[113 - 11.“le
1112 {111 1.22 1.19 102 94.0111 0.11511

TABLE 61
5131131111281 Comparison of (inc-maria Least
Squams Mean [G‘LSMZI 0f Pharmacoldnetic

Parmc‘lers for IN 1411101111111: a1 a Dose of 2 mg to IM Naloxone
a1 a Dose of 0.4 m wilh Dose Ad'usunem 111 0.41

 

GLSM 01.351 0.4 (31.51% R4110 90% c1
Pmmeler 2 mp. DJ 1115 IM MIL-Wu of R3110 p-value—-—._.——._._
CWD [mg-hi) 0.510 0.155 151.6 55.3-82.7 0.00211
rm, 0:] 0.333 0.303 — — 1.000
All-(3MB 0.1131 1.35 515.5 50.11.1134 c0001
[113 - 11-1111.)
Aucoflm 0.115 1.39 55.1 50.0-02.1 41.001
[58 ' MEL}
11., 111; 1.18 1.19 519.3 910-108 0.11953

TABLE .111

Statistical (inmparison of Cmnparison of Geometric Leas!
Square: Mean [GLSMJ thnacolu'netic Parameters
for I'N'Naluxons at 0 Dose 01'4 mg :0 1M Naloxonea Dose of [1.4 m with Do 'mment to [1.41

 
GLSM GLSM 0.4 GLSM Ralio 91.1% C1

Parameter 4 1113 IN mg 1M MW of Ratio p-value
cm!) (11911111.) 0.466 [LTSS 151.31I 50.5-75.5 <01)!”
T=2 {111 0.292 0.308 — -— 0.411!
AUCndl-D 0.63? 1.35 412 42.2-52.1 530.001
(11g - 11."ij
AUCnWD 0.644 1.39 46.3 41.5-51.5 5.0.0111
(113 - 11."ij
11.2 [1:11 1.22 1.19 10: 94.0111 0.15511

TABLE 8 
T'Imc. tn the 1M and TN for Administration

lime seconds1

 1M Dose 211-1311511305: 4mngDnse
N 14 14 1.4
Mean To 19 23
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.ABLF; g-{Jfir’i‘tii‘rfifid
——————___—________

Tim to 135an 1M and 'N' W for gtdmtnmion
 Time seconds} _3

1M Dose 3. mg IN Dose 4 mg IN Dose—————————_.________
5D 10 4 3
Median l3 19 23
Minimum 50 15 18
Maximum 32 30 28 1t]

 

TABLE 9
‘———————__________

Faun-noted IN Dose Delivered :93! 15

2 mg 4 mg Doric All

Dose First Second Devices
Total Device Device l'otril Total

N 14 l4 l4 I4 42 20
Mean 1.697 1.682 L687 3.369 1.689
SD 0.09? 0.156 0.092 0.193 0116
WIN 5.? 9.3 5.4 5.? 6.9
Median 1.?08 l.7ll 1.?04 3.4]0 1.?10
Minimum 1.481 L315 1.50ti 2.898 1.315 _Maximum LBJ?! LM4 1.603 3.616 1.8.13 23——-————-—.________

Example 2
3o

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

A second study was undertaken to determine the pharma-
coldnctiCs (PK) and bioavailahility of intmnasallydclivered 35
naloxone compared to intmrnuscularly-injected naloxorre.

Objectives.
Specifically. the study had several objectives. 'lhe first

was to determine the pharrnacoltinetics (i.c.. the Cm“. Tm“,
AUCD_,,,fand AUCOJ) oi‘4 intranasal doses —2 mg. 4 mg (2 4r.
nostrils), 4 mg (1 nostril). and 8 mg (2 nostrils) —of anion:-
one compared to a 0.4 mg dose of naloxone administrated
IM and to identify an appropriate IN dose that could achieve
systemic exposure comparable to an approved parenteral
dose. The second was to determine the pharmacokineticg of
two difl’erent concentrations (20 mgfml. and 40 mglml.) of
1N rmlortone. the third was to determine the safety of IN
naloxone, including adverse events. vital signs. and clinical
laboratory changes. Specifically with respect to nasal irrita-
tion (cry‘thema. edema. and erosion).

Design. 50

The study was an inpatient open—label. randomized. S-pe-
riod, S-treattnent. 5—sequence. crossover study involving
approximately 30 healthy volunteers, randomized to have at
least 24 subjects who complete all sludy drug administra-
tions and blood collections for PK assessments. Subjects 55
were assigned to one of the 5 sequences and there were t3
subjects in each. Each subject received 5 nnloxone treat-
ments during the 5 dosing periods: a single 2 mg IN dose
(one 0.1 mL spray of a 2.0 mgr'mL solution in one nostril),
a 4 mg IN dose (one 0.l ml. spray oi'a 20 ntgz’nrl. solution
in each nostril), a single 4 mg IN close (one 0.1 mL spray of
a 40 mg/rnL solution in one nostril). a single 8 mg lN dose
(one 0.1 mt'. spray of a 40 mgme solution in each nostril).
and a single 0.4 mg [M dose. Subjects stayed in an inpatient
facility ibr 18 days to complete the entire study and were
discharged on the next day after the last dose Subjects 65
returned for a final lollow-up visit 3 to 5 days after dis-
charge.
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After obtaining informed consent, subjects were screened
for eligibility to participate in the study including medical
history, physical examination, clinical chemistry, coagula-
tion markers. hematology, infectious disease serology. uri-
nalysis. urine drug and alcohol toxicology screen. vital signsand ECG.

Inclusion criteria were: men or women 18 to 55 years of
age, inclusive: written informed consent: BM] ranging from
18 to 30 kgr’mz, inclusive; adequate venous access; no
clinically significant concurrent medical conditions; agree-
ment to use a reliable double-barrier method of birth control
from the start of screening until one week after completing
the study (oral contraceptives are prohibited); and agreement
not to ingest alcohol. drinks containing xanthine >500
mgfday. or grapefmitfgrapefruit juice, or participate in
strenuous exercise T2 hours prior to admission through the
last blood draw of the study.

Exclusion criteria were: any IN conditions including
abnormal nasal anatomy, nasal symptoms (i.e., blocked
andr’or runny nose. nasal polyps. etc), or having a product
sprayed into the nasal cavity prior to drug administration;
taking prescribed or over-the—counter medications, dietary
supplements, herbal products. vitamins, or recent use of
opioid analgesics for pain relief (within 14 days of last use
of any of these products); positive urine drug test for
alcohol. opioids. cocaine, amphetamine. methamphetamine,
benrodiachines, Ietrahydrocannabinol (TI-1C), barbiturates,
or methadone at screening or admission: previous or current
opioid. alcohol, or other dnlg dependence (excluding nico-
tine and cafleine), based on medical history; subject con—
surncs greater than 20 cigarettes per day on average. in thc
month prior to screening, or would be unable to abstain from
smoking (or use of any nicotine-containing substance) for at
least one hour prior to and 2 hours after nuloxonc dosing; on
standard lZ—lcad ECG, a Q'l‘cF interval >440 msec lot males
and >450 msec for females: significant acute or chronic
medical disease in lhejudgmenl of the investigator; a likely
need for concomitant treatment medication during the study:
donated or received blood or underwent plasma or platelet
apheresis within the 60 days prior to the day before study
commencement; female who is pregnant, breast fccdirrg, or
plans to become pregnant during the study period or within

. one week after naloxone administration, positive test for
hepatitis Ii surface antigen (HBsAg), hepatitis (3 virus
antibody (IICVAb) or human immunodeficiency virus anti-
body (lllVAb) at screening: and current or recent (within 7'
days prior to screening) upper respiratory tract injection.

Naloxone for 1M injection manufactured by Hospira was
obtained from a licensed distributor at a concentration of 0.4
mgImI. and was given 1M at a dose of0,4 rug in 1.0 ml . with
a 23-g needle as a singie injection in the gluteus maximus
muscle. Naloxonc for IN administration was obtained from
lightlake Therapeutics, Inc.. London. United Kingdom at
turn concentrations of 20 mgtmL and 40 ngmL. and was
given as doses of 2 mg (one 0.1 mL spray of the 20 regent.
formulation in one nostril), 4 mg (two 0.] mL sprays of the
20 mgflmi. formulation in two nostrils). 4 mg (one 0.1 mL
spray of the 40 mgi'mL formulation in one nostril) and 8 mg
(two 0.1 rnL sprays of the 40 mgr'mL formulation in wvo
nostril). IN naloxone 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 the
nose when the IN dose of naloxonc was administered.

On the day afier clinic admission. subjects were admin-
istered study drug in randomized order with a 4—day washout
period between doses until all 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. 180,
240. 300. 350. 480 and T20 minutes after the start of study
drug administration, into sodium heparin containing tubes.
On days of study drug administration, a lZ—Iead ECG was
performed approximately 60 minutes prior to dosing and at
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approximately 60 and 480 minutes post—dose. Vital signs
were measured pro—dose and approximately 30, 60, 120, and
480 minutes post-dose. 0n 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 item the Sched—
uled lime for the first 60 minutes ofcollections or more than
:5 minutes for the scheduled time points thereafter, this was
considered a protocol deviation. ECG and vital si were
collected within the 10 minute period before the nominal 10
time of blood collections. At screening, admission, dis-
charge, and followup, ECG and vital signs were checked
once per day. Vital signs were also checked once on the day
alter naloxone administration. Clinical laboratory measure-
ments were repeated afler the last PK blood draw prior to 15
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 9, which sets forth the
mean from 211 healthy subjects (and SD, in parentheses)
plasma concentrations of naloxone following single inn-a—
nnsal administrations and an intramuscular injection, and inFIGS. 3 and 4.
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chromatography with tandem mass spectrometry. Conju-
gated naloxone plasma concentrations may also be deter-
mined. Non-eomparnnental PK parameters including CM,”
Tm“, AUCDW, AUCLM 11,2, 0:: and apparent clearance
(CUP) were determined. Pharmaookinetic parameters
(me, Tm“. and AUCs] for 1N naloxone were compared
with those lor IM naloxone. 'l'ma was from the time of
administration (spraying into the nasal cavity or IM injec-
tion). Dose adjusted values for AUCs and Cm: were then
calculated, and the relative extent of intranasal absorption
(IN versus IM) estimated from the dose-corrected AUCs.
Within an ANOVA framework, comparisons of ln—trans-
formed PK parameters (CM. and AUC) for intranasal versus
111.1 naloxone treatments Were perforated. The 90% confi-
dence interval for the ratio (INIIM) of the geometric least
squares means of AUC and CW parameters were con-
structed for comparison ofeach treatment with IM naloxonc.
These 90% (Sis were obtained by exponentiation of the 90%
confidence intervals for the difi'erence between the least
squares means based upon an in scale.

Results are shown below in Table 10. which sets forth the
mean plasma PK parameters from 28 healthy subjects (and
% CV, in parentheses) of naloxone following single inn-a-

TAB] .E. 9
—————_—._.—,—___

0n: Spray - 'l‘wo Sprays - One Spiny - Two Spay: -
Time 2 mg 4 mg 4 mg 8 mg
(min) 20 Ing-‘mL IN 20 metro]. IN 40 mglmL [N 40 mgtml. 131 0.4 mg I'M———————_________

0 0.000 [0.000) 0,000 [0.000) 0.000 (0.000) 0.000 (0.000) 0.000 (0.000)
2.5 0.175 [0.219) 0. 125 (0.856) 0.230 [0.42.1] 0.880 [1.21) 0.081 [0.l35)
5 0.832 (0.758) 2.68 (2.65) 1.50 0.75) 3.73 [4.02) 0.305 [0.336)

:0 2.11 (1.33) 4.60 (2.59) 3.24 12.2l) 7.61 (5.28) 0.566 (0.313)
[5 2.14 [1.0 i‘) 5.56 [2.20) 4.00 (2.24) 8,02 (3.60) 0.673 {0.312}
20 2.3.9 {1,141 5.82 [Li-l) 4.57 [2.30] 8.05 (2.56) 0341 {0.211}
30 2.52 [0.810) 5.15 (1.10) 4.50 [1.93) 7.119 (1.95) 0.750 (0.190}
43 2.17 [0.636) 4.33 (1.16) 4.03 (1,511 6.134 (1.59) ease (0.171;
so 1.38 [0.574) 3.69 (0.887] 3.35 (1.1?) 5.86 (1.44:) 0.610 {0.141)

120 0.823 [0.335) 1.53 (0.626] 1.5? (0.??3) 2.36 [0.921) 0.354 (0.10?)
100 0.390 [0.146) 0.800 (0.253) 0.7 71 (0.412) 1.42 [0.481) 0.22? [0.082)
2-10 0.215 [0.100] 0.452 [0.225) 0.412 {0.215) 0.?91 (0.215} 0.135 [0.053)
300 0. l l 7 (0.051) 0.243 (0.123) 0.246 [0.143) 0.431 (0.166) 0.0?4 [0.047)
360 0.063 (0,030) 0.139 (0.05?) 0.146 (0.031) 0.25? (0.104) 0.040 [0.023]
480 0.0.31 (0.014) 0.063 (0.03 3) 0.065 (0.033] 0.122 (0.052) 0.013 (0.015)
1'20 0.009 [0.009) 0.02? (11.013)- 0.026 (0.019) 0.0 53 (0.025) 0.001 (0.00.1)————————.__——__

For phamiacokinetic analysis, plasma was separated from 45 nasal administrations and an intramuscular injection, and in
whole blood and stored frozen at 540° C. until assayed
Naloxone plasma concentrations was determined by liquid

Table 11, which sets forth the same PK parameters Split
lit-thecn the 12 female and 16 male healthy subjects.

TABLE 10

One Two One Two
Spray- Sprays- Sprsy- Sprays-
2 mg 4 mg 4 mg 8 mg

Parameter 20 mgr'mL 2U rug-'rnL 40 nigfml. 40 mg-‘ml.
(units) Ix 1N IN IN 0.4 mg IM———-—__—_______

CM (rig-ml] 3.11 [36.3) 6.63 (34.2] 5.34 (44.1) 10.3 (38.8) 0.906 (31.5]
CM, per mg 1.56 [36.3) 1.661.142) 1.34 (44.1) 1.29 [38.3) 2.215 [31.5)Lug-ml.)

'1'”, (11)“ 0.33 [0.25. 0.33 [0.05, 0.50 [0.13, 0.3.3 (EMT, 0,42 [0.05,
(median, range) 1.00) 0,50) 1.00) 1,00) 2.00)
not; 4.81 [30.31 9.82 {27.3) m [37.4) 15.9 [23.6) 1.79 (23.5](new midi)
AUCM‘, 4.86 [30.1) 9.91:211) 8.37 1.17.2) 16.1 [23.3I 1.83010)(rug ‘ InIJ‘h)
AL'CWpcr mg 2.4.1 (30.1; 2.43 [211] 2.22 (37.2; 2.01 {23.3.1 4.5? [23.0)(ng - InJJ‘h)
Larrlbds 7 0.315155 0.297% 0.3 l 52 0.321? 0.5 534
(hr—JV
Half-life (11)“ 1.70 2.09 2.0:] 1.91 |.19
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TABLE lO-conlinued

———-——_________
(Inc Two One Two
Spmr- Spflfi- 5PM- 5913??-
2 mg 4 mg 4 mg 8 mg

Plummet 20 mg-‘ml. 20 Ingl'm]. 40 mg-‘rnL 40 mgfrnl.
[units] [N 1N 1N [N 0.4 mg 1M——-—_—_____—__

AUC‘ “A: 1.09 (41.9) 1.01 (53.9} 1.06 (52.5) 1.04 (tan 2.32 {54.1)Extrapolale

CUT“ (Hit) 441 (24.5] 425 (23.3) 502 (31.2] 521 {ZIJ} 230 {22.4}
Remiw BA 53.3 (22.2; 55.3 (23.2) 49.2 (30.6) 45.3 (25.1; ino(“rial vs. 1M
———————_—_—

   

TABLE 11
-—-—-—————_.___,____

One 20 mg."rl11. Two 20 mglmL One 40 mgt'mL Two 46: mg-‘mL
Parameter IN N IN N, 0.4 mg M
{units} Female Male Female Malc chaIe Male Female Male Female Male——-—_——.—__—,—
Cm 2.29 3.35 6.62 6.64 5.12 5.51 9.52 10.9 1.06 0.792{ng’ml}
Cw per mg 1.39 1.68 1.66 1.66 1.28 1.33 1.19 L36 2.64 1,98(ng-‘InLJ
Twp L111" 0.33 0,33 0.33 0.25 0.50 0.50 0.29 0.42 0.33 0.50
AUC‘I 4.73 4.87 9.81. 9.82 198 9.38 I‘LE 16.3 1.8.1 1.15(fig ' "11.01)
AUCW- 4.78 4.93 9.91 9.92 8.06 9.43 15.0 115.9 [.88 1.79{ng - ml ..'hl
AUG“, per mg 2.39 2.46 2.48 2.43 2.01 2.37 1.87 2.12 4.69 4.4?(ng - ml Sh}
Lambda 2 0.3913 0.3492 0.2796 0.3122 0.2946 0,3336 0.2994 [1,3407 0.6140 0.5152
{hr—1‘1”
Half-lift: 1.58 1.30 2.18 2.03 2.12 1.93 1.90 1.91 1.08 1.28
or
AUG “xii 0.9?1 1.19 0.9 86 1.02 0.9 3'0 1.12 1.12 0.992 2.31 2.32Fittmpuiale
(.‘IIF {Uh} 449 434 41.9 431 555 4152 558 494 222 236—————-—.—__—..—

In the tables above, the notation a indicates median TABLE 12
(range) is disclosed, and the notation 1: indicates harmonic

mean is disclosed, 40 'l‘rtalment mafia Edam 0am fatal
Additional exploratory analyses could include: -———-———-—
1) 90% CI for dose corrected AUC and CM, between the 2 ms {20 Ins-“ml. one W? J 4 2 1 7

20 mgt'mL formulation treatment and 40 mgme for- 4 ”13‘2” mB'ZmL’ ““3 “my“! 1 0 D 1
mulation for both a single administration and two dose 4 m3 (4'0 mg'mL' ”3 Spray) I 2 0 3
administration (once in each nostril} for dose linearity 45 5 mg (40 mymL’ I“ WM} 0 1 0 1purpose;

2) 90% C1 adjusted for dose for geometric ratios of onc
0.1 mL spray (in one nostril) vs. a two 0.1 m1. sprays
(one spray in each nostril) from an 20 mymr, formu-

 

Tahle 1e shows additional events related to administration
either nasally or intramuscularly. Overall, few adverse
events were reported.

 

lation; and so

3) 90% CI adjumed for dose for geometric ratios of one TABLE 130.1 m1. spray (in one nostril) Vs. a two 0.] mL sprays

(one spray in each nostril) from an 40 mymL formu- 0.4 mg intramuscular Dariolotion:

Alia were coded using the most recent version of the 55 3mm” 1
Medical Dictionary tor Regulatory Activities (MedDRA) Mum I
preferred terms and grouped by system, organ. class (SOC) 2 mg on mgtmL. one sanJdesignation. Separate summaries will be provided for the 5
study periods: after the administration of each dose of study ”5“] P31“ . 1
drug up until the lime ofthe next dose of study drug or clinic to W
discharge. Listings of each individual AE including start Headache 1
date, stop date, severity, relationship, outcome, and duration
were provided. Results are given below in 'l'ables 12 and 13.
Table 12 shows the events related to nasal irritation—

erythcma, edema, other, and total—observed in the nasally—
treated group. Nasal irritation did not appear to be positively
related to the close of naloxonc given.

65

—-I———_—_

Additionally, vital signs, ECG, and clinical laboratory
parameters did not reveal any clinically noteworthy changes
after naloxone administration. There was no evidence of
QTcF prolongation.
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Example 3

Naloxone Nasal Spray Formulations and Stability

Naloxone has been formulated as a disposable Luci-Jet
Lust-lock pie-filled syringe and nasal atomizer kit product,
comprising 1 mgml naloxone hydrochloride as an active
agent, 8.35 mgr'ml NaCl as an isotonicity agent, HCl q.s. to
target pH, and purified water q.s. to 2.0 m]. Benzalkonium
chloride may be added as a preservative, cationic surfactant,
andi'or permeation enhancer, and supports the stability of a
multi-dosc product. Such syringes, while functional, can be
ungainly to use by untrained personnel, and deliver a largevolume of solution.

Examples of a 10 mgrml formulation are given below inTable 14.

TABLE 14
——————_

ingredient Quantity per unit Function
—————___

Naloxone hydrochloride 10 mgrml Active ingredient
Sodium chloride 14 mgrml Iemonicity agent
Hydrochloric acid qs. to target pH Acidifying agent
Bertzalkonium chloride 0.1 rngirn] Preeervativc. cationic

surfacmnl. nud'or
permeation enhancer

Purified water q. s Solvent
 

Literature data has indicated that naloxone is sensitive to
environmental factors, such as air, light and colours in
certain vials, which may induce a risk for degradation.
Consequently disodium edetate was added to the above
formulation.

Pharmaceutical compositions comprising naloxonc
hydrochloride (10 mgi'mI.) were stored at 25° (I. and 60%
relative humidity in upright clear glass vials (200 pl.)
skippered with a black plunger. Vials Were either nude
(Batch 1), or mounted in the Pfeiffer BiDosc device (Batch
2). In addition to naloxone hydrochloride. die pharmaceu—
tical compositions timber comprised waun', benzalkonium
chloride, and disodium edetate. The vials were assayed at 0,
3, 6, 9, and 12 months for naloxone content. It is evident

from the results of the study, reported as a percentage of the
label claim in Table 15 below, that these pharmaceutical
compositions are storage-stable for at least 9-12 months at
25° C. and 60% relative humidity.

 

TABLE 15
-——-———_—_,__

Time [months]

Batch 0 3 5 9 12

1 99.3 '00.] IUUS 101.2 919
2 99.5 102.8 99.4 98.6 ND

—-—-—-—-———.__

Examples of 20 mgfml and a 40 rirglml formulation are
given below in Table 16, along with an example ot‘permitted
variation as part of the total formulation,
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TABLE 16——————..—.____

29 E13}! 10 gggml

Quantity Quantity Pm
per unit per unit duct

Concentration Quantity dose Quantity dose Vari-
Component perml (100 pl) per ml (103 pl) etion——-————_.____
Naloxonc HCl 22.0 mg 2.2 mg 4-1.0 mg 4.4 mg 90.0-
dihydrate [eor- (20.0 mg) (2.0 mg} [40.0 mg) {4-0.0 mg) 110.0responding
to nalooionc
HCIl

Benzalkonium 0.1 mg 0.01 mg 0.1 mg [1.01 mg 9.1.0—
chloride 110.0
Diamlinm 2.0 mg 0.2 mg 2.0 mg 0.2 mg 30.0-
edemte 120.0
Sodium 7.4 mg 0.?4 mg 14 mg 0.114 mgchloride

Hydrochloric Adjust to Adjust to Adjust to Adjust to pH 3.5-
acid. dilute pH 4.5 pH 4.5 pH 45 pH 4.5 5.5
Purified water (1.8. ad 1.0 q.s. ad 100 on. ad on. ad 100

111] pl 1.0 ml pl 

The naloxone hydrochloride nasal spray above is an
aqueous solution which may be presented in a Type 1 glass
vial closed with a chlorobutyl rubber plunger which in turn
is mounted into a unit-dose nasal spray device (such as an
Aptar UDS liquid UnitDose device). The solution should be
a clear and colorleSs or slightly yellow liquid. in certain
embodiments, the device is a non-pressurized dispenser
delivering a spray containing a metered dOse of the active
ingredient. In certain embodiments, each delivered dose
contains 100 pl.

Pharmaceutical compositions comprising naloxnne
hydrochloride (20 or 40 mgtml .) were tested for stability in
room temperaturellight conditions, room temperatureldark
conditions and in 25" (3.160% RH (protected from light). It
was tested for pH, purity, and impurities at an initial time
point, 2 months and 10 months. Results are given in Table1?.

 TABLE 1?

Test Assay
Storage inlerval Ap- (“A oi'label Impurities
condition (months) pearanee pH claim} (areafii)

Initial Clear, 4.5 101 Not
colourless detected
solution

25‘ CJ 2 N01 45 Not Not
60% RH analyzed analyzed analyzed[U Clear, 4.5 95 0.2

colourless
solution

Room 10 Clear, 4.4 92 1.3
unnper- yellow
anirer'lighl solution
Room 10 Clear. 4.5 9? 0.3
temper- colourless
attire-Hark solution
—_—-———_..—____

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 embodiments are intended as illus-
tration of several aspects of the disclosure. Any equivalent
embodiments are intended to be within the scope of this
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disclosure. lndmfl, various mofifimtio-s of the disclosure in
addition to those shown and describ herein will become
apparent to those skilled in the art from the foregoing
description, which do not depart from the spirit or scope of
the present inventive discovery. Such modifications are also
intended to fall within the scope of the appended claims.What is claimed is:

l. A method of treatment ofopioid overdose or a symptom
thereof, comprising nasally administering to a patient in
need thereof a dose of naloxone hydrochloride using 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 ofsaid patient, having a single
reservoir comprising a pharmaceutical composition which is
an aqueous solution of about 100 uL comprising:

about 4 mg naloxone hydrochloride or a hydrate thereof;
between about 0.2 mg and about 1.2 mg of an isotonjcityagent;

between about 0.005 mg and about 0.015 mg of a com-
pound which is at least one of a preservative. a cationic
surfactant, and a permeation enhancer;

between about 0.1 mg and about 0.5 mg of a s1abilizingagent; and

an amount of all acid sufiicient to achieve a pH of3.5-S.5.
2. The method as recited in claim 1 wherein:
the isotonicity agent is NaCl;
the preservative is benzalkonium chloride;
the stabilizing agent is disodiurn edetatc; and
the acid is hydrochloric acid.
3. The method of claim 2, wherein the aqueous solution

comprises:

about 4.4 mg naloxone hydrochloride dihydrate;
about 0.74 mg NaCl;
about 0.01 mg henralkonium chloride:
about 0.2 mg disodium cdetalc; and

an amount of hydrochloric acid sufiicient to achieve a pHof 3.5-5.5.
4. The method of claim 2. wherein said method is acme

atable with one hand.

5. The method of claim 4, wherein the volume of said
reservoir is not more than about 140 pL.

6. The method of claim 5, wherein about 100 pl. of said
aqueous solution in said reservoir is delivered to said patientin one actuation.

7. The method of claim 6, wherein the pharmaceutical
composition which is an aqueous solution comprises about
4.4 mg naloxonc hydrochloride dihydrale.

8. The method of claim 7, wherein the 90% confidence
interval for dose delivered per actuation is :about 2%.

9. The method of claim '1', wherein the 95% confidence
interval for dose delivered per actuation is cabout 2.5%.

10. The method or" claim "Tr, wherein the delivery time isless than about 25 seconds.

11. The method of claim 7, wherein the delivery time isless than about 20 seconds.

12. The method of claim 11, wherein upon nasal delivery
ofsaid pharmaceutical composition to said patient, leSs than
about 20% of said pharmaceutical composition leaves the
nasal cavity via drainage into the nasopharynx or externally.

13. The method of claim 12, wherein upon nasal delivery
of said pharmaceutical composition to said patient, lees than
about 10% of said pharmaceutical composition leaves the
nasal cavity via drainage into the nasopharynx or externally.

14. The method ofclaim 13, wherein 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 exlcrnally.
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15. The method of claim 1], wherein the plasma concen»
tration versus time curve of said naloxone hydrochloride in
said patient has a Tm“ of between about 20 and about 30minutes.

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

1‘1. The method of claim 16, wherein the patient exhibits
one or more symptoms chosen Iiom: 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 fingernails or lips, slack or
limp muscle tone, contracted pupils, and vomiting.

18. The method of claim 11', wherein the patient exhibits
respiratory depression.

19. The method of claim 18, wherein said respiratory
depression is caused by the illicit use of opioids, or by an
accidental misuse of opioids during medical opioid therapy.

20. The method of claim 19, wherein said patient is free
from respiratory depression for at least about 1 hour fol—
lowing treatment comprising delivery of said therapeutically
effective amount of said opioid antagonist.

21. The method of claim 20, wherein said patient is free
from respiramry depression for at least about 2 hours
following treatment comprising delivery of said therapeuti-
cally efl‘ec‘tive amount of said opioid antagonist.

22. The method of claim 21, wherein said mtient is free
from respiratory depression for at least about 4 hours
following treatment comprising delivery of said therapeuti-
cally effective amount of said opioid antagonist.

23. The method of claim 22, wherein 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.

24. The method of claim 16, wherein said patient is in a
lying, supine, or recovery position.

25. The method of claim 7, wherein said single actuation
yields a naloxone plasma concentration of 20.2 nglml-
within 2.5 minutes in said patient.

26. The method of claim 7, wherein said single actuation
yields a naloxone plasma concentration of 2] ngimL within
5 minutes in said patient.

27. The method of claim '1', wherein said single actuation
yields a naloxonc plasma concentration of 23 ng/mL within
10 minutes in said patient.

28. The method of claim 3, wherein said single actuation
yields a naloxone plasma concentration of 20.2 ngtml.
within 2.5 minutes in said patient.

29. The method of claim 3. wherein said single actuation
yields a naloxone plasma concentration ol' :1 ngt‘mL within
5 minutes in said patient.

30.31 pharmaceutical formulation for intranasal adminis-
tration comprising. in an aqueous solution of not more than
about 140 n.1,:

about 4 mg naloxone hydrochloride or a hydrate thereof;
between about 0.2 mg and about 1.2 mg of an isotonicityagent;

between about 0.005 mg and about 0.015 mg of a com-
pound which is at least one of a preservative, a cationic
surfactant, and a permeation enhancer;

between about 0.1 mg and about 0.5 mg of a stabilizingagent;

an amount ofan acid sullicient to achieve a pH of3.5-5.5.
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31. The pharmaceutical formulation as recited in claim
30, wherein tlte naloxonc hydrochloride is provided as
naloxone hydrochloride dihydrate.

32. The pharmaceutical formulation as recited in claim30, wherein:

the isotonicity agent is NaCl;
the compound which is at least one of a preservative, a

cationic surfactant, and a permeation enhancer is ben-
zalkonium chloride:

the stabilizing agent is disodium odetate; and
the acid is hydrochloric acid.
33. The pharmaceutical formulation as recited in claim

31, wherein the aqueous solution comprises:
about 4.4 mg naloxonc hydrochloride dihydrate;
about 0.?4 mg NaC'l;
about 0.01 mg benzalkonium chloride;
about 0.2 mg disodiurn edetate, and
an amount of hydrochloric acid sufficient to achieve a pHof 3.5—5.5.

34. The pharmaceutical {emulation of claim 30, which
yields, when intranasally administered to a patient= a nalox-
one plasma concentration of 20.2 ngfml. within 2.5 minutes
in said patient.

35. The pharmaceutical formulation of claim 30, which
yields, when intranasally administered to a patient. a nalox—
one plasma concentration of a] ngt‘ntL within 5 minutes in
said patient.

36. The pharmaceutical formulation of claim 30, which
yields, when intranasally administered to a patient. a nalox—
one plasma concentration cafe-3 nymL within 10 minutes in
said patient.
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3'1". The pharmaceutical formulation of claim 33. which
yields, when intranasally administered to a patient, a calm;-
one plasma cone-nation of 20.2 ng‘mL within 2.5 minutes
in said patient.

38. The pharmaceutical formulation of claim 33, which
yields, when intranasally administered to a patient, a nalox—
one plasma concentration of z] ny’mL within 5 minutes in
said patient.

39. The phannaccutical formulation of claim 33, which
yields. when intranasally administered to a patient, a mile):-
one plasma concentration of 23 ngx’tnl . within 10 minutes in
said patient.

4|). The pharmaceutical formulation of claim 30, which
yields, when intranasally administered to a patient. a nalox-
one Tm“ of less than 30 minutes.

4]. The pharmaceutical formulation of claim 30. which
yields, when inn-anasally administered to a patient. a nalox—one T,“ of less than 25 minutes.

42, The pharmaceutical formulation of claim 30, which
yields, when intt-anasally administered to a patient. a halo);—
one TMX of less than 20 minutes.

43. The pharmaceutical formulation of claim 33, which
yields. when intranasally administered to a patient, a nalox-
one Tm“ of less than 30 minutes.

44. The pharmaceutical formulation of claim 33, which
yields. when intranasally administered to a patient, a nalox—
one TM, of less than 25 minutes.

45. The pharmaceutical formulation of claim 33, which
yields, when intranasally administered to a patient, a nalox—
one Tmx of less than 20 minutes.

I! it t 8 1K
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In Column 2, Line 7, under OTHER PUBLICATION S, replace “wno” with --who--

In the Specification

In Column 1, Line 25, replace “Io" with --l.l--
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