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Disclaimer
Except as specifically identified, all data and information discussed below and 
necessary for approval of 212045 are owned by Hikma Pharmaceuticals USA Inc. or 
are data for which Hikma Pharmaceuticals USA Inc. has obtained a written right of 
reference. Any information or data necessary for approval of 212045 that Hikma 
Pharmaceuticals USA Inc. does not own or have a written right to reference constitutes 
one of the following: (1) published literature, or (2) a prior FDA finding of safety or 
effectiveness for a listed drug, as reflected in the drug’s approved labeling. Any data or 
information described or referenced below from reviews or publicly available summaries 
of a previously approved application is for descriptive purposes only and is not relied 
upon for approval of 212045.
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It is noted that the Applicant included data from a juvenile rat study in Section 8.4. The 
Pharmacology Toxicology review team recommends inclusion of these data in labeling 
to address concerns with pediatric exposure to ethanol and propylene glycol via the 
proposed naloxone nasal spray.

2 Nonclinical Review of Complete Response Submission
Deficiency:
The following nonclinical deficiency was communicated with the Applicant in a Complete 
Response letter dated February 28, 2020:

Nonclinical

19. You have not provided adequate extractable leachable data to permit a toxicological risk 
assessment of leachable compounds. Update the extractable leachable assessment to 
address the Chemistry, Manufacturing, and Controls deficiencies in the resubmission. 
Submit a toxicological risk assessment for any compound detected in the leachable 
study present at 5 mcg/day or greater.

Reference ID: 4779680
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The Applicant set an AET based on a safety threshold of  mcg/day. The Applicant’s 
AET of  mcg/day is below the Division’s recommended 5 mcg/day qualification 
threshold and as such, is acceptable. A toxicological evaluation was completed for 
extractables estimated at levels above the AET in order to determine an acceptable 
daily intake (ADI) value for each of these compounds. 

In discussions with the Chemistry, Manufacturing, and Controls (CMC) review team, the 
methodology of the extractable studies was not deemed adequate as their conclusion at 
the end of the previous review cycle (the reader is referred to the Quality review from 
the previous review cycle for details). As such, additional studies were recommended in 
the complete response letter issued. 

Updated Extraction Studies
It is noted that the Sponsor has repeated the extractable studies from the previous 
submission and a comparison of the extractable studies conducted by Insys during the 
previous submission and Hikma in this submission was submitted. We defer to the CMC 
review team for of the adequacy of this comparison.

In this resubmission, an updated extraction study on the  stoppers 
was submitted to address in part the deficiencies of the extractable leachable 
assessment from the previous review cycle. The following table illustrates the extraction 
conditions of the updated extraction study (from the Applicant’s submission):

The extracts were then analyzed using the following analytical methods (from the 
Applicant’s submission):
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The Applicant submitted an in silico analysis to evaluate the mutagenic potential of the 2 
proposed compounds they believe to be RRT  using an expert-based method 
(DEREK) and a statistical-based method (Leadscope). 

The following table illustrates the proposed structure of each of the 2 naloxone 
impurities and methodology of each in silico method (from the Applicant’s submission):
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The Division has used a formula to convert the ppm used in inhalation studies to 
mg/kg/day. 

The first part of this conversion process involves converting ppm to mg/L:

Since rats were exposed to vapor for 6 h/day for 5 days/week (i.e., 30 h/week), the 
 concentration that would provide the same weekly dose with continuous 

exposure to vapor (i.e., 168 h/week) is calculated as follows:

The daily dose equivalent of the NOAEL can be estimated based on the  
concentration adjusted for continuous exposure  the respiratory volume of 
rats (290 L/day), and an assumed bodyweight of 0.425 kg in mature rats. The 
calculation is shown below:

NOAEL daily dose equivalent = 

A PDE can be calculated from the NOAEL using the formula outlined in ICH Q3C and 
as follows:

PDE = (NOAEL x 50 kg bw) / (F1 x F2 x F3 x F4 x F5 x F6),

where the modifying factors (F1 to F6) as described in the following table:

Modifying Factors Factor Recommendations Factor Applied (Rationale)
F1 (extrapolation 
between species)

5 (for rat to human)
12 (for mice to human)
2 (for dog to human)
2.5 (for rabbit to human)
3 (for monkey to human)
10 (for other animal to human)

5 (rat)

F2 (variability between 
individuals)

10 10

F3 (tox studies of short 
duration)

1 (for 1-year rodent or rabbits; 7 
years for cats, dogs, & monkeys)
1 (for repro studies entire 
organogenesis covered)
2 (6-month study in rodents or 
3.5-year study in nonrodents)
5 (3-month rodent study or 2-year 
study in nonrodents)
10 (shorter than 3 months)

1 (4-week repeat-dose inhalation 
toxicity study is appropriate for 
support of an acute use product)

F4 (A factor that may be 
applied in cases of 

1 (if no severe toxicity concerns) 1 based on safety margins to adverse 
effects reported in toxicology studies 
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However, in discussions with the CMC review team, the methodology of the extractable 
studies was determined to be not adequate (the reader is referred to the quality review 
for details).  As such, the review of the extractable and leachable studies is not finalized 
until these concerns are adequately addressed.  It is noted that the container closure 
system and device have been used in other approved intranasal products.  

In support of this marketing application, two 28-day toxicology studies in rats and dogs 
were submitted.  In the 28-day rat study (Study 20156039), rats were administered 0, 
1.6, 3.2, 6.4, or 25.6 mg/daya naloxone intranasally using 2 to 4 daily 
administrations/day for 28 days with a 14-day recovery period.  There were 2 early 
deaths, each, in 1 control male and 1 female from the 25.6 mg/day dose group and 
appear to be related to the dosing procedure.  All other rats survived to the scheduled 
sacrifice.  There were no treatment-related changes in the olfactory functional 
assessment (smell test using water-soaked vs. ammonia-soaked cotton swabs), 
ophthalmoscopy, and urinalysis.  Changes in clinical signs, body weight, body weight 
gains, food consumption, red blood cell distribution width (RDW), reticulocytes, organ 
weight parameters of the prostate gland in males and of the brain and heart in females, 
and microscopic findings in the nasal cavity, larynx, and trachea were either considered 
not treatment-related, not toxicologically relevant, no different from historical control 
ranges, occurred without any microscopic correlates, or occurred sporadically.  
Macroscopically, dark discoloration of the thymus in females as well as changes in the 
organ weight parameters of the thymus was correlated with congestion of the thymus 
microscopically.  Based on these findings, the systemic NOAEL is  mg/day, which 
confers a human equivalent dose (HED) of mg/day based on a body surface area 
comparison and a safety margin of  when considering the maximum daily dose of 
16 mg/day via this proposed product.  The concentration of the naloxone formulation 
tested is 80 mg/mL, which is identical to the proposed product and confers a safety 
margin of  for local toxicity.

In the 28-day dog study (Study 20142826), Beagle dogs were administered 0, 22.4, 64, 
or 160 mg/daya naloxone intranasally split into 2 administrations, one per nostril, for 28 
days with a 14-day recovery period.  There were no early deaths and there were no 
treatment-related changes in body weights, body weight gains, food consumption, 
ophthalmoscopy, ECG, urinalysis, and organ weight parameters (absolute organ weight, 
organ-to-body weight ratio and organ-to-brain weight ratio).  There were no changes in 
the olfactory functional assessment (smell test using water-soaked vs. ammonia-soaked 
cotton swabs).  Changes in clinical signs and triglycerides in females were considered 
not treatment-related because they occurred in all doses or were not toxicologically 
meaningful.  Decreases in MCHC in both sexes and albumin in males at 160 mg/day 
were below and slight above normal ranges, respectively, and as such, are treatment-
related.  Macroscopically, dark focus in the bronchus in female was correlated with 

a Fixed doses were administered to animals.  To convert to HED based on body surface area and for purposes of 
safety margin calculations, the animal dose was converted to mg/kg using the highest reported weight at the end of 
dosing period, which confers the most conservative animal dose.
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From a nonclinical Pharmacology Toxicology perspective, a Complete Response is 
recommended.  There is one pharmacology toxicology deficiency (shown below) and 
several CMC deficiencies, including inspection issues, that preclude approval.

Nonclinical Deficiency
You have not provided adequate extractable leachable data to permit a toxicological risk 
assessment of leachable compounds.  

Information to resolve deficiency
Update the extractable leachable assessment as per the Chemistry, Manufacturing, and 
Controls to address the deficiency regarding the methodology of the extraction study in 
the resubmission.  Submit a toxicological risk assessment for any compound detected in 
the leachable study present at 5 mcg/day or greater.  

1.3.2 Additional Nonclinical Recommendations

1.3.3 Labeling
The following labeling recommendations have not been discussed with the entire review 
team or the Applicant and should not be considered final.  The reader is referred to the 
approval letter for final agreed upon labeling.  Suggested deletions are in red crossed-
out text.  Suggested additions are in blue text.  

Proposed Suggested Revisions Rationale/Comment

Changes were made to maintain 
consistency with the referenced 
naloxone drug product and also 
update margin with a human 
dose of 16 mg/day (two 
naloxone nasal sprays) based 
on a body surface area and a 60 
kg human.

Reference ID: 4561925Reference ID: 4791670
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Changes were made to maintain 
consistency with the referenced 
naloxone drug product, to 
update margins with a human 
dose of 16 mg/day (two 
naloxone nasal sprays) based 
on a body surface area and a 60 
kg human, and to be identical to 
the referenced Narcan injection 
label.

We defer to the clinical and 
maternal health review teams 
regarding the human pediatric 
use labeling.  

In the juvenile rat study, the 
doses of naloxone given on 
PND 7 were expressed in mg 
(1.6, 2.4, and 3.2 mg) and were 
converted to mg/kg using an 
average pup weight of 0.013 kg 
on PND 7 (e.g. 1.6 mg/0.013 kg 
= 123 mg/kg).

The safety margin was based on 
the NOAEL for 
neurodevelopmental toxicity 

 and its human 
equivalent dose  the 
maximum daily dose of 
naloxone via the proposed 

Reference ID: 4561925Reference ID: 4791670
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Changes were made to maintain 
consistency with the referenced 
naloxone drug product and also 
update margin with a human 
dose of 16 mg/day (two 
naloxone nasal sprays) based 
on a body surface area and a 60 
kg human.

2 Drug Information

2.1 Drug
CAS Registry Number
51481-60-8

Generic Name
Naloxone hydrochloride

Code Name
N/A

Chemical Name
Morphinan-6-one,4,5-epoxy-3,14-dihydroxy-17-(2-propenyl)-,hydrochloride,(5 )-, 
dihydrate 17-Allyl-4,5-epoxy-3,14-dihydroxymorphinan-6-one hydrochloride dehydrate

Molecular Formula/Molecular Weight
C19H21NO4  • HCl 2H2O / 

Reference ID: 4561925Reference ID: 4791670
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Structure 

Pharmacologic Class
Opioid antagonist (Established Pharmacological Class) 

2.2 Relevant INDs, NDAs, BLAs and MFs
NDA# Drug 

Name Div Strength 
(route)

Marketing 
Status

AP 
Date Indication Company

16636
Narcan 

(Naloxone 
HCl)

DAAP
0.4 and 1.0 
mg/mL (IV, 
IM, or SC)

Withdrawn 
Effective (Not for 
safety reasons)

August 
20, 

2010

For the complete or 
partial reversal of opioid 

depression, including 
respiratory depression

Adapt Pharma 
Operations, 

Ltd.

IND# Drug 
Name Div Status Indication Company

134954
Naloxone 

(Nasal 
Spray)

DAAP Active (July 
5, 2017) Emergency treatment of known or suspected opioid overdose Hikma

126173 Naloxone 
(Spray) DAAP

Active 
(October 3, 

2015)

Emergency treatment of known or suspected opioid overdose, 
as manifested by respiratory and/or central nervous system 

depression.  Immediate administration as emergency therapy 
in settings where opioids may be present.

Hikma

MF# Subject of MF Holder Submit Date Reviewer’s Comment

August 30, 2007
Referenced by numerous 
approved products (NDAs 

and ANDAs)

March 21, 1980
Referenced by numerous 
approved products (NDAs 

and ANDAs)

November 17, 
1986

Referenced by numerous 
approved products (NDAs 

and ANDAs)

July 26, 1994 
Referenced by numerous 
approved products (NDAs 

and ANDAs)

October 31, 2007
Referenced by numerous 
approved products (NDAs 

and ANDAs)

September 2, 
2004

Referenced by numerous 
approved products (NDAs 

and ANDAs)

December 14, 
2015

Referenced by numerous 
approved products (NDAs 

and ANDAs)

Reference ID: 4561925Reference ID: 4791670
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stopper was submitted and is reviewed below.  It is noted that the components of the 
container closure system (both primary and secondary) have been referenced and used 
in other approved intranasal products (NDAs and ANDAs).  The Applicant specifically 
states that SUBSYS (NDA 202788) and NARCAN nasal spray use these container 
closure components but they did not submit a right of reference to either product.

Extraction Studies
The Reviewer’s Analytical Evaluation Threshold (AET) is calculated as follows using the 
5 mcg/day threshold of concern and 200 mcL maximum daily volume of the product:

AET = 5 mcg/0.2 mL = 25 mcg/mL

The extraction studies on the rubber stopper were performed using 100% ethanol, 
100% methylene, and 100% water as well as water at pH 5.2 and pH 9.0 subjected to a 
24-hour hot reflux extraction for organic compounds.  For inorganic extractables, the 
rubber stoppers were macerated in dilute nitric acid at 70°C for 24 hours.  The extracts 
were then screened for semi-volatile and non-volatile organic extractables as well as for 
inorganic elemental impurities.  Semi-volatile compounds were detected with GC-MS, 
non-volatile/polar compounds were detected with HPLC-UV-MS, and inorganic 
compounds were detected with inductively coupled plasma-MS (ICP-MS).  Extraction 
with nitric acid was also used to conduct the elemental impurities assessment as per 
ICH Q3D.  

The Applicant set an AET based on a safety threshold of  mcg/day.  The Applicant’s 
AET of mcg/day is below the Division’s 5 mcg/day threshold of concern and as 
such, is acceptable.  A toxicological evaluation was completed for extractables 
estimated at levels above the AET in order to determine an acceptable daily intake 
(ADI) value for each of these compounds.  

In discussions with the Chemistry, Manufacturing, and Controls review team, the 
methodology of the extractable studies was not deemed adequate (the reader is 
referred to the Quality review for details).  If the extraction studies are inadequate, we 
cannot conclude that the leachable data are adequate.  As such, this review of the 
extractable studies is not finalized until these concerns are   adequately addressed in 
the resubmission.  

Leachables Study:
Leachables (volatile, semi-volatile, non-volatile, and elemental impurities) were 
characterized by GC-MS, HPLC-UV-MS, and ICP-MS analytical methods.  The 
extractable compounds  
were monitored along with any unknowns.  Data for a total of 4 lots (2 lots of the 20% 
alcohol formulation and 2 lots of the % alcohol formulation) stored at accelerated 
conditions (40°C/75%RH) for up to six months as well as long-term samples of 1 lot per 
formulation under normal conditions (25°C/60%RH) stored for up to 9 months and up to 
18 months (see tables below).  

Reference ID: 4561925Reference ID: 4791670
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All of the levels of the elemental impurities detected were below the AET.  The table 
above represents the worse-case scenario for a maximum daily exposure to these 
elemental impurities.  Since the mcg/day maximum daily exposure to each elemental 
impurity is below the parenteral PDE as outlined in ICH Q3D, there are no safety 
concerns with the elemental impurities.

2.6 Proposed Clinical Population and Dosing Regimen
The proposed product is indicated for the emergency treatment of known or suspected 
opioid overdose, as manifested by respiratory and/or central nervous system 
depression.  Recommended initial dose is one nasal spray (0.1 mL) that contains 8 mg 
of naloxone into one nostril.  If the patient does not respond or responds and then 
relapses into respiratory depression, additional doses of the proposed product may be 
given every 2 to 3 minutes into alternating nostrils until emergency medical assistance 
arrives.  Dosing regimen is for both the adult and pediatric populations.

2.7 Regulatory Background
This is a 505(b)(2) application referencing the Agency’s previous findings of safety to 
Narcan® (NDA 16636) injectable product.  The pharmaceutical development of the 
proposed product was conducted under IND 134954 and IND 126173.  

A meeting was held under IND 134954 on February 22, 2018 and the following 
nonclinical comments were communicated to the Applicant (see meeting minutes dated 
March 14, 2018):

Reference ID: 4561925Reference ID: 4791670
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Your plan to conduct repeat-dose intranasal toxicology studies of up to 28-days in rats and dogs to 
support the Naloxone Nasal Spray NDA is acceptable.  However, these studies must identify 
NOAELs of naloxone and excipients and fully characterize the toxicologic potential of ethanol and 
other excipients in the Naloxone Nasal Spray.  Although vehicle control groups are not required, if 
there are adverse effects of the two proposed formulations, you may not be able to clearly determine 
if the effects are due to the drug substance or the excipients.

As described, your studies do not appear to be designed to define both a NOAEL and characterize 
the toxicological potential of the drug because you are including only one dose group for naloxone.  
Further, the study design does not take into consideration the potential need for more than one dose 
of the drug per episode per day.  Once you have determined the formulation you intend to develop 
and design the study to test the expected clinical dosing regimen with acute and delayed 
observations and include a separate dosing group with increased dosing frequency per day to 
characterize the toxicologic potential of the drug.  The study duration does not have to be 28-days if 
adverse effects can be characterized using a shorter treatment period (e.g., 14-days).

The design of these toxicology studies should include assessment of olfactory nerve morphology, 
nerve terminal density, and histopathology assessments of both olfactory and respiratory epithelia.  
If any adverse effects are noted, olfactory functional assessments may be required to support your 
NDA.

3 Studies Submitted

3.1 Studies Reviewed 
The following table illustrates the toxicology studies that were submitted (data from the 
Applicant’s submission):

Study Number Study Title
20142826 A 28-day Study of Naloxone Nasal Spray by Intranasal Administration 

in Dogs with a 14-day Recovery Period
7300558 A 28-Day Intranasal Vehicle Tolerability Study in Beagle Dogs followed 

by a 14-Day Recovery Period
20155126 A 14-day Toxicology Study of Naloxone by Intranasal Administration in 

Dogs with a 7-day Recovery Period
20156039 A 28-day Toxicology Study of 20% Alcohol Naloxone Nasal Spray by 

Intranasal Administration in Rats with a 14-day Recovery Period
20152525 A 7-day Study of Naloxone by Intranasal Administration in Rats
20155125 A 14-day Toxicology Study of Naloxone by Intranasal Administration in 

Rats with a 7-day Recovery Period
20169015 A 14-Day Intranasal Toxicity Study of a Naloxone Impurity in 20% 

Alcohol Naloxone Nasal Spray in Sprague Dawley Rats with a 7-Day 
Recovery Period (for  qualification)

20166992 An Intranasal Dose Range-finding Toxicity Study of Naloxone Nasal 
Spray in Juvenile Sprague Dawley Rat

20166993 A Single-Dose Intranasal Study of Naloxone Nasal Spray in Juvenile 
Sprague Dawley Rats with a 28-Day Recovery Period, Including 
Toxicokinetics and Behavioral Assessments

Reference ID: 4561925Reference ID: 4791670
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3.2 Studies Not Reviewed 
The following studies were not reviewed because they used the % alcohol 
formulation and the Applicant has elected to pursue the 20% alcohol formulation (data 
from the Applicant’s submission):

20156040 A 7-day Study of % Alcohol Naloxone Nasal Spray by Intranasal 
Administration in Dogs with a 7-day Recovery Period

20142825 A 7-day Toxicology Study of % Alcohol Naloxone Nasal Spray by 
Intranasal Administration in Rats with a 7-day Recovery Period

3.3 Previous Reviews Referenced
There were no previous reviews referenced.

4 Pharmacology

4.1 Primary Pharmacology
There were no primary pharmacology studies with naloxone submitted in this NDA.

4.2 Secondary Pharmacology
There were no secondary pharmacology studies with naloxone submitted in this NDA.

4.3 Safety Pharmacology
There were no safety pharmacology studies with naloxone submitted in this NDA.

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME
There were no dedicated PK/ADME studies with naloxone submitted in this NDA.

5.2 Toxicokinetics 
There were no separate toxicokinetics studies done with naloxone submitted in this 
NDA.
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6 General Toxicology

6.2 Repeat-Dose Toxicity
The following repeat-dose toxicity studies were not considered pivotal and are 
summarized below.

A 7-Day Study of Naloxone by Intranasal Administration in Rats (Study 20152525)
Rats were initially administered 1.6, 16, 32, or 64 mg/day of naloxone corresponding to 
a dose volume of 20, 200, 400, or 200 mcL/day, respectively, split between 2 daily dose 
administrations (1 dose/nostril) in a 20% alcohol vehicle or in a % alcohol vehicle.  
There were no vehicle control groups but there was a saline control group (dose volume 
of 800 mcL/day).  The concentration of naloxone used is 80 mg/mL.  Initial dose volume 
of 200 mcL (100 mcL/nostril) on Day 1 resulted in clinical signs of respiratory distress 
(pale skin, abnormal breathing sounds, labored breathing, and increased respiratory 
rate), which was deemed not tolerable.  As a result, dosing on Day 1 was halted and 
resumed on Day 2 with reduced doses and dose volumes.  The reduced doses of 
naloxone were 1.6, 3.2, 12.8, or 25.6 mg/day corresponding to dose volumes of 20, 40, 
160, and 320 mcL/day, split between 2 daily dose administration (1 dose/nostril) in a 
20% alcohol vehicle or in a % alcohol vehicle.  There were no vehicle control groups 
but there was a saline control group with a dose volume of 320 mcL/day.  This study is 
not GLP-compliant.  Toxicological endpoints include clinical signs, body weights, body 
weight gains, food consumption, gross pathology, organ weights, and histopathology of 
select tissues (brain, bronchus, carina, esophagus, eye, larynx, lung, nasopharynx, 
optic nerve, pharynx, thymus, and tracheobronchial lymph node).  There were no 
treatment-related changes in mortality, organ weights, and gross pathology.  Clinical 
signs were summarized in the following table (data from the Applicant’s submission):

Doses of 
Naloxonea

20% Alcohol Formulation % Alcohol Formulation

Day 1, resolved by Day 3 (200 mcL/day dose volume)
≥1.6/1.6 
mg/day

Increased respiratory rate Hunched posture (males) and partly 
closed eyes (males)

≥16/3.2 
mg/day

Hunched posture, increased 
respiratory rate, partly closed 
eyes; salivation (males)

Pale skin, partly closed eyes, 
salivation, increased breathing rate, 
and abnormal breathing sounds

≥16/12.8 
mg/day

In addition to above, abnormal 
breathing sounds and labored 
breathing

In addition to above, labored 
breathing

16/25.6 
mg/day

In addition to above, pale skin N/A

Days 2-7 with reduced doses and dose volume
≥1.6/1.6 
mg/day

Erect fur in majority of rats Erect fur in majority of rats

≥1.6/3.2 
mg/day

N/A Reddened skin on Days 7 to 8
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≥1.6/12.8 
mg/day

Salivation in females In addition to above, red material 
around mouth in single female on 
Day 3 (1.6/12.8 mg/day only)

1.6/25.6 
mg/day

Reddened skin in a single female 
on Day 7

In addition to above, shallow 
breathing in a single female on Day 7

a = doses of naloxone were expressed as total daily dose Day 1/Days 2-7

Clinical signs at the initial dose volume of 200 mcL/day for both control and naloxone 
groups were associated with respiratory distress (pale skin, erect fur, partly closed eyes, 
abnormal breathing sounds, labored breathing, and increased respiratory rate), which 
were deemed intolerable.  The clinical signs following the reduced dose volumes were 
mild and limited to erect fur, reddened skin, and salivation.  Microscopic findings in the 
nasal cavity, bronchus, larynx, and nasopharynx included degeneration/regeneration, 
erosion, and/or ulceration of the respiratory epithelium, and neutrophilic inflammation 
with an increase in incidence and/or severity of these findings from the naloxone 20% to 
the % alcohol formulation, suggesting that higher percentage of alcohol in the 
formulation may have contributed to these changes.  Based on these data, the NOAEL 
for the naloxone 20% alcohol formulation was  mg/day (total daily dose Day 
1/Days 2-7).  Based on these data, the NOAEL for the naloxone % alcohol 
formulation is  mg/day (total daily dose Day 1/Days 2-7).

A 14-Day Toxicology Study of Naloxone by Intranasal Administration in Rats with 
a 7-Day Recovery Period (Study 20155125)
Rats were administered 0 (saline control), 4.5, 18, or 72 mg/day of naloxone 
corresponding to a dose volume of 800, 50, 200, or 800 mcL/day, respectively, split 
between 2 daily dose administrations (1 dose/nostril) for 14 days followed by a 7-day 
recovery period for main study and recovery as well as for toxicokinetics.  The 
concentration of naloxone used is 90 mg/mL in saline.  This study is GLP-compliant.  
Toxicological endpoints include clinical signs, body weights, body weight gains, food 
consumption, ophthalmology, olfactory functional assessment, hematology, coagulation, 
clinical chemistry, urinalysis, toxicokinetics (TK), gross pathology, organ weights, and 
histopathologic examination of a standard set of tissues with 4 cross sections of the 
nasal cavities for microscopic evaluation of the nasal epithelium.  There were no early 
mortality and no treatment-related changes in clinical signs, body weights, body weight 
gains, food consumption, ophthalmology, olfactory functional assessment, hematology, 
coagulation, clinical chemistry, urinalysis, gross pathology, and organ weights.  
Microscopic findings at the end of the treatment period were limited to the nasal 
olfactory epithelium including epithelial degeneration, erosion/ulcer, and atrophy with 
mixed cell inflammation and luminal exudate that was observed in all dose levels of 
naloxone, were dose-dependent, and of low magnitude (minimal to mild severity).  
These findings were nearly reversed at the end of the recovery period and limited to 
minimal epithelial atrophy with regeneration/repair in males >18 mg/day and in all 
female dose groups.  These findings were considered non-adverse due to their low 
magnitude, lack of associated clinical pathology findings, and near complete reversal.  
Based on these data, the NOAEL is  mg/day of naloxone corresponding to a Cmax of 

ng/mL and AUC0-24 of ng/mL on Day 14 for males and females combined.
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the respiratory epithelium of the nasal cavity, nasopharynx, bronchus, carina, larynx, 
and/or trachea were noted in treated dogs compared to the saline control.  There were 
no histologic lesions in the brain.  In the recovery phase, respiratory epithelium 
degeneration/regeneration of the nasal cavity and nasopharynx as well as neutrophilic 
inflammation of the nasal cavity, nasopharynx, bronchus, carina, larynx, and/or trachea 
were observed at a decreased incidence and severity, indicating partial reversibility.  
Based on the low magnitude of the findings, no changes observed in the study were 
considered adverse at any dose level.  Based on these data, the NOAEL is the high 
dose of % ethanol/  PG.

An Intranasal Dose Range-Finding Toxicity Study of Naloxone Nasal Spray in 
Juvenile Sprague Dawley Rats (Study 20166992)
Sprague Dawley pups (PND 7) were administered single intranasal doses of 0.4, 0.8, 
1.2, 1.6, or 3.2 mg/day of naloxone in each of 20 and % alcohol vehicle 
corresponding to 5, 10, 15, 20, or 40 mcL dose volume in either alcohol vehicle 
formulation (20% alcohol with  propylene glycol or % alcohol with  propylene 
glycol).  The maximum dose volume given was 40 mcL (20 mcL/nostril).  This study 
does not appear to be GLP-compliant.  A single mortality on PND 9 was observed in 
high dose female given the % alcohol vehicle (40 mcL/day), which was attributed to 
both the high dose volume and high amount of alcohol.  Doses of % alcohol 
formulation at single dose volumes of 20 mcL (10 mcL/nostril) and 40 mcL (20 
mcL/nostril) resulted in adverse clinical signs of abnormal breathing sounds and 
suspected dehydration (based on skin turgor) in males and females as well as a 
mortality in one female at 40 mcL (20 mcL/nostril).  Doses of 20% alcohol formulation at 
a single-dose volume of 40 mcL (20 mcL/nostril) resulted in adverse clinical signs of 
abnormal breathing sounds in males.  Based on these data, the maximum tolerated 
dose (MTD) in juvenile rats on PND 7 was 20 mcL (10 mcL/nostril) for the 20% alcohol 
formulation and the MTD in juvenile rats on PND 7 is 15 mcL (7.5 mcL/nostril) for the 

% alcohol formulation.
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Study title:  A 14-Day Intranasal Toxicity Study of a Naloxone Impurity in 
20% Alcohol Naloxone Nasal Spray in Sprague Dawley Rats with a 7-Day 
Recovery Period

Study no.: 20169015
Study report location: EDR link 

Conducting laboratory and location:

Date of study initiation: September 17, 2018
GLP compliance: Yes.  Signature provided on March 28, 

2019.
QA statement: Yes.  Signature provided on March 28, 

2019.
Drug, lot #, and % purity: Naloxone Nasal Spray 80 mg/mL (20% 

alcohol and  propylene glycol) with 
% Impurity ; Lot 162343; 101.3% 

pure for naloxone with % Impurity 

Key Study Findings
• Rats were dosed with 0, 1.6, 6.4 or 25.6 mg/day Naloxone (80 mg/mL) with  

 mcg/day Impurity , respectively, intranasally using 2 
administrations per day for 14 days with a 7-day recovery period.

• There were no mortalities in the study and no treatment-related changes in 
ophthalmoscopy, hematology, and urinalysis.

• Clinical signs observed in only the high-dose males include hunched posture, red 
fur staining, salivation, and dehydration and were considered treatment-related.

• There was a 5-6% decrease in body weight on Days 11-15 and decreases of up 
to 60% in the body weight gains on Days 1-8, Days 1-14, and Days 1-15 with 
non-statistically significant decreases in food consumption in the high-dose 
males.

• Food consumption was decreased in high-dose females on Days 8-14 and Days 
1-14 by approximately 13%.

• The decreases in food consumption in the high-dose groups in both sexes was 
correlated with decreases in glucose, ALP, cholesterol, and triglycerides by up to 
15%.

• Macroscopically, dilatation of the kidney was observed in 5/10 and 4/10 high-
dose males and females, respectively, and tan focus in the liver was observed in 
1/10 each in the high-dose males and females.

• There was a decrease in the absolute kidney weight by 15.5% and the kidney-to-
brain weight ratio by 15% as well as a decrease in the brain- to-body weight ratio 
by 9.13% in the high-dose males.

• Microscopically, mild degeneration/regeneration of the olfactory epithelium and 
cellular debris were observed in the high dose females (1/10) that was not 
observed in the recovery groups.
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Hunched posture was observed in 2 high-dose males on Days 8 to 11.  Red fur staining 
on the muzzle was observed in 3 high dose males on Days 5 to 12.  Slight salivation 
was observed in 3 high-dose males on Days 13 and 14.  Suspected dehydration was 
observed in 1 high-dose male on Days 8 and 9.  These clinical signs were not observed 
in the high-dose females.  According to the Pathology Report, these clinical signs were 
observed in the high-dose males only and as such, were attributed to the test article.  

Other clinical signs included thin condition, skin scab, erected fur, fur loss, thin fur 
cover, eye discharge, bent tail, and abnormal breathing sounds that were common 
findings in rodents, occurred in a single rat in a transient manner, occurred only in the 
recovery period, occurred in a non-dose-dependent manner, and/or occurred in a 
greater number in the saline or vehicle control than in any test article group according to 
the Pathology Report.  The Pathology Report also notes that the clinical signs observed 
in the vehicle control group (skin scab, thin fur cover, and abnormal breathing sounds) 
were considered common findings in rodents and/or occurred in a transient manner.

This Reviewer concurs with the conclusions of the Pathology Report.

Body Weights
Body weights were recorded once on the day after arrival, at least once weekly during 
the acclimation period, daily before the first daily dose was administered, daily during 
the recovery period, and once on the day of scheduled sacrifice.  

The following table illustrates the changes in absolute body weight in males during the 
treatment and recovery periods (data from the Applicant’s submission):

Absolute Body Weights in Males During the Treatment and Recovery 
Periods (in g)

Days Saline 
Control

Vehicle 
Control

1.6 mg/day 
Naloxone 
with  
mcg/day 

Impurity 

 6.4 mg/day 
Naloxone 
with  
mcg/day 

Impurity 

25.6 mg/day 
Naloxone 
with  
mcg/day 

Impurity  
1 366.5 373.4 374.0 373.9 370.6
2 372.0 375.3 377.9 377.3 366.3
3 377.1 380.8 384.4 382.6 368.2
4 383.9 386.9 390.1 386.7 371.1
5 389.7 391.9 397.4 392.3 373.9
6 394.6 397.5 400.9 398.1 377.1
7 401.0 403.6 409.7 404.2 383.1
8 406.7 409.1 417.3 406.9 387.9
9 412.1 414.0 421.3 413.4 392.5
10 416.9 418.6 429.7 416.9 396.3
11 422.4 422.5 433.1 424.0 397.8*

-5.8%
12 425.4 426.0 437.5 425.9 400.2*
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-5.9%
13 430.8 431.3 442.3 430.2 405.6*

-5.8%
14 434.8 433.1 447.3 433.5 408.0*

-6.2%
15 417.2 413.7 430.0 417.0 390.9*

-6.3%
16 435.8 444.8 443.0 447.0 432.4
17 439.0 446.8 444.8 449.6 434.6
18 439.6 446.6 448.4 446.6 444.0
19 444.0 452.2 450.8 453.2 444.0
20 447.8 459.4 456.4 455.6 448.0
21 423.0 434.4 432.4 427.2 425.8

    * = Anova and Dunnett p ≤ 0.05 

As shown in the table above, there were statistically significant decreases in the 
absolute body weights during Days 11 to 15 of the treatment period in the male 25.6 
mg/day naloxone with mcg/day Impurity  dose group.  There were no further 
treatment-related changes in absolute body weights in the remaining days of the 
treatment period and during the recovery period.  

There were no treatment-related changes in absolute body weights in females during 
the treatment and recovery periods.

The following table illustrates the changes in body weight gains in males (data from the 
Applicant’s submission):

Body Weight Gains in Males During the Treatment and Recovery Periods 
(interval)

Days Saline 
Control

Vehicle 
Control

1.6 mg/day 
Naloxone 
with  
mcg/day 

Impurity 

6.4 mg/day 
Naloxone 
with  
mcg/day 

Impurity 

25.6 mg/day 
Naloxone 
with  
mcg/day 

Impurity  
1 to 8 40.2 35.7 43.3 33.0 17.3**

-57.0%
8 to 14 28.1 24.0 29.9 26.6 20.1
1 to 14 68.3 59.7 73.3 59.6 37.4**

-45.2%
8 to 15 10.5 4.5 12.7 10.1 3.0
1 to 15 50.7 40.3 56.0 43.1 20.3**

-60.0
15 to 20 12.3 19.0 18.0 12.2 18.8
1 to 20 85.6 87.4 90.2 76.2 61.6

  ** = Anova and Dunnett p ≤ 0.01

As shown in the table above, there were statistically significant decreases in body 
weight gains in the male 25.6 mg/day naloxone with mcg/day Impurity  dose 
group on Days 1 to 8, Days 1 to 14, and Days 1 to 15 compared to saline and vehicle 
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control during the treatment period.  There does not appear to be any treatment-related 
changes in body weight gains in the males during the recovery period.  There were no 
treatment-related changes in the body weight gains in females during the treatment and 
recovery periods.

Food Consumption
Food consumption was recorded twice weekly during the main study and recovery 
periods.  The following table illustrates the changes in food consumption at the end of 
both the treatment and recovery periods (data from the Applicant’s submission):

Food Consumption in Males and Females During the Treatment and Recovery 
Periods (in g/animal/day)

Days Saline 
Control

Vehicle 
Control

1.6 mg/day 
Naloxone with 

 mcg/day 
Impurity 

6.4 mg/day 
Naloxone with 

 mcg/day 
Impurity 

25.6 mg/day 
Naloxone with 

 mcg/day 
Impurity  

Males
Treatment Period

1 to 8 20.6 20.0 20.5 22.2 19.9
-3.2%

8 to 14 18.2 17.1 18.1 17.1 16.5
-9.3%

1 to 14 17.6 17.3 17.7 18.7 16.7
-5.6%

Recovery Period
15 to 20 29.0 30.3 30.3 32.0 31.5

Females
Treatment Period

1 to 8 26.0 25.4 26.4 26.2 23.5
-9.6%

8 to 14 29.5 30.4 31.8 27.6 25.8a

-12.5%
1 to 14 29.6 29.6 30.9 27.9 25.3b

-14.5%
Recovery Period
15 to 20 18.3 20.0 19.5 19.0 18.5

a = significantly different from saline control (p < 0.05) via Dunn Test
b = significantly different from saline control (p < 0.01) via Dunnett Test

There were reductions in food consumption in the high-dose groups in both males 
(Days 1-8, 8-14, and 1-14) and females (Days 1-8) compared to saline control that were 
not statistically significant.  However, the reduction in food consumption was statistically 
significant in high-dose females on Days 8-14 and 1-14 (decrease of 12.5 and 14.5%, 
respectively) compared to saline control.  The reduction in food consumption observed 
during the treatment period were not present in the recovery period.

Ophthalmoscopy
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Ophthalmological examinations were performed at the end of the treatment and 
recovery periods.  There were no treatment-related changes in ophthalmoscopy.

ECG
An ECG was not performed.

Hematology
Blood was collected via the inferior vena cava and urine was collected overnight fasting 
according to the following schedule (from the Applicant’s submission):

The following hematology and coagulation parameters were measured (from the 
Applicant’s submission):

There were no treatment-related changes in hematology and coagulation.
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Clinical Chemistry
The following clinical chemistry parameters were measured (from the Applicant’s 
submission):

The following table illustrates the changes in clinical chemistry (data from the 
Applicant’s submission):

Observation Day Saline 
Control

Vehicle 
Control

1.6 mg/day 
Naloxone 
with  
mcg/day 

Impurity 

6.4 mg/day 
Naloxone 
with  
mcg/day 

Impurity 

25.6 mg/day 
Naloxone 
with  
mcg/day 

Impurity  
Males
Glucose (mg/dL) 15 127 115 117 126 108b

-14.96%
ALP (U/L) 15 126 143 130 143 119

-5.6%
Cholesterol 
(mg/dL)

15 43 51 49 46 41
-4.7%

Triglyceride 
(mg/dL)

15 38 39 36 36 34
-10.5%

Females
Glucose (mg/dL) 15 130 119 128 130 119

-8.5%
ALP (U/L) 15 100 103 101 95 85

-15.0%
b = Significantly different from the control group p < 0.01

There was a slight reduction in glucose in the male high-dose group that was 
statistically significant compared to saline control at the end of the treatment period.  In 
addition, the Applicant noted that ALP, cholesterol, and triglycerides were slightly lower 
(5.6, 4.7, and 10.5%, respectively) than the saline control in the male high-dose group 
at the end of the treatment period.  The Applicant also noted that there were minimal 
reductions in glucose and ALP (8.5 and 15.0%, respectively) compared to the saline 
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control in the female high-dose group at the end of the treatment period that were not 
statistically significant.  There were no further treatment-related changes in clinical 
chemistry at the end of the treatment and recovery periods.

According to the Pathology Report, the reductions in glucose and ALP in high-dose 
males and females along with the reductions in cholesterol and triglycerides in the high-
dose males at the end of the treatment period were correlated with reductions in the 
mean food consumption values in the same high-dose groups and are treatment-
related.  This Reviewer concurs with the conclusions of the Pathology Report.

Urinalysis
The following urinalysis parameters were measured (from the Applicant’s submission):

There were no treatment-related changes in urinalysis.

Gross Pathology
Terminal procedures of the main study and recovery rats were performed as illustrated 
in the following table (from the Applicant’s submission):
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Main study and recovery rats were sacrificed and weighed at the scheduled sacrifice.  A 
complete necropsy was performed, which included evaluation of the carcass and 
musculoskeletal system, all external surfaces and orifices, cranial cavity and external 
surfaces of the brain, and cavities (thoracic, abdominal, and pelvic) with their associated 
organs and tissues.

The following table illustrates the gross pathology changes at the end of the treatment 
period (data from the Applicant’s submission):

Observation Saline 
Control

Vehicle 
Control

1.6 mg/day 
Naloxone 
with  
mcg/day 

Impurity 

6.4 mg/day 
Naloxone 
with  
mcg/day 

Impurity 

25.6 
mg/day 

Naloxone 
with  
mcg/day 

Impurity  
Treatment Period
Males
Kidney
--Dilatation 2/10 1/10 0/10 2/10 5/10
Liver
--Focus; firm, tan
--Focus; tan

0/10
0/10

0/10
0/10

0/10
0/10

0/10
0/10

1/10
0/10

Females
Kidney
--Dilatation 3/10 3/10 0/10 0/10 4/10
Liver
--Focus; firm, tan
--Focus; tan

0/10
0/10

0/10
0/10

0/10
0/10

0/10
0/10

0/10
1/10

As shown in the table above, the incidence of dilatation in the kidney at the high-dose 
males and females were significantly greater than in the saline and vehicle controls and 
as such, were considered treatment-related.  According to the Pathology Report, the 
focus (firm) in the liver in both the high-dose male and female (1/10 each) was 
correlated microscopically to acute traumatic infarction of the affected lobe and was 
considered a background finding.  There were no further treatment-related changes in 
gross pathology at the end of the treatment period.  There were no treatment-related 
changes in gross pathology at the end of the recovery period.

Organ Weights
The following organs were weighed (from the Applicant’s submission):
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The following table illustrates the changes in absolute organ weight in males at the end 
of the treatment period (data from the Applicant’s submission):

Absolute 
Organ 
Weight

Saline 
Control

Vehicle 
Control

1.6 mg/day 
Naloxone 
with  
mcg/day 

Impurity

6.4 mg/day 
Naloxone 
with  
mcg/day 

Impurity 

25.6 mg/day 
Naloxone 
with  
mcg/day 

Impurity  
Kidney (g) 2.9760 2.8225 2.9463 2.8258 2.5144**

-15.5%
** = Anova and Dunnett p ≤ 0.01

As shown in the table above, there was a statistically significant decrease in the kidney 
absolute organ weights in the male 25.6 mg/day naloxone with  mcg/day Impurity 

 dose group compared to controls.  This finding is considered treatment-related.  
There were no further treatment-related changes in the absolute organ weight in males 
at the end of the treatment period.

The following table illustrates the changes in the organ to body weight ratio in males at 
the end of the treatment period (data from the Applicant’s submission):

Organ to Body 
Weight Ratio

Saline 
Control

Vehicle 
Control

1.6 mg/day 
Naloxone 
with  
mcg/day 

Impurity 

6.4 mg/day 
Naloxone 
with  
mcg/day 

Impurity 

25.6 mg/day 
Naloxone 
with  
mcg/day 

Impurity  
Brain (%) 0.50354 0.53999 0.51232 0.51757 0.54954*

-9.13%
* = Anova and Dunnett p ≤ 0.05

As shown in the table above, there was a statistically significant decrease in the brain to 
body weight ratio in the male 25.6 mg/day naloxone with  mcg/day Impurity  
dose group compared to the controls.  This finding is considered treatment-related.  
There were no further treatment-related changes in the organ-to-body weight ratio in 
males at the end of the treatment period.
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The following table illustrates the changes in the organ-to-brain weight ratio in males at 
the end of the treatment period (data from the Applicant’s submission):

Organ to Brain 
Weight Ratio

Saline 
Control

Vehicle 
Control

1.6 mg/day 
Naloxone 
with  
mcg/day 

Impurity 

6.4 mg/day 
Naloxone 
with  
mcg/day 

Impurity 

25.6 mg/day 
Naloxone 
with  
mcg/day 

Impurity  
Kidney (%) 145.3 130.9 136.1 135.7 123.5**

-15.0%

As shown in the table above, there was a statistically significant decrease in the kidney 
to brain weight ratio in male 25.6 mg/day naloxone with mcg/day Impurity  dose 
group compared to the controls.  This finding is considered treatment-related.  There 
were no further treatment-related changes in the organ-to-brain weight ratio in males at 
the end of the treatment period.

There were no treatment-related changes in absolute organ weights, organ-to-body 
weight ratio, and organ-to-brain weight ratio in females at the end of the treatment 
period.  There were no treatment-related changes in absolute organ weights, organ-to-
body weight ratio, and organ-to-brain weight ratio in both males and females at the end 
of the recovery period.

Histopathology
Adequate Battery
The following organs and tissues were collected and preserved (from the Applicant’s 
submission):
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With the exception of animal identification and bone marrow smears, histopathology 
(microscopic examination) of the tissues above were performed.

Peer Review
The histopathological findings of this study were peer reviewed.

Histological Findings
The following table illustrates the microscopic findings in the nasal cavity that were 
noted by the Applicant from the main study (from the Applicant’s submission):
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Liver
--Infarct, subacute, lobe, 
traumatic
    Mild
    Moderate

0/10
0/10

0/10
0/10

NE
NE

NE
NE

0/10
1/10

Lung
--Hyperplasia, alveolar, 
pneumatic, type 2
    Minimal
--Pigmented macrophage, 
alveolar
    Minimal

0/10

0/10

0/10

0/10

NE

NE

NE

NE

1/10

1/10
Lymph Node, Mesenteric
--Erythocytosis, sinus
    Minimal 0/10 0/10 NE NE 1/10
Lymph Node, Tracheobronchial
--Increased cellularity, 
lymphoid
    Minimal 0/10 0/10 NE NE 1/10
Urinary Bladder
--Infiltration, neutrophilic, 
interstitial
    Minimal 0/10 0/10 NE NE 1/10
Females
Kidney
--Dilatation, pelvis
    Minimal
    Mild

0/10
1/10

2/10
1/10

NE
NE

NE
NE

2/10
2/10

Liver
--Infarct, subacute, lobe, 
traumatic
    Mild
    Moderate

0/10
0/10

0/10
0/10

NE
NE

NE
NE

1/10
1/10

NE = Not examined microscopically

According to the Pathology Report, the mild to moderate subacute traumatic infarction 
of the liver was characterized microscopically by coagulative necrosis of hepatocytes 
that were rimmed by fibrotic connective tissue with variable inflammatory cell infiltration 
localized to the area of the medial liver lobe and was considered due to spontaneous 
torsion of that lobe, an occasional background change in rats, and unrelated to 
administration of the test article.

All other microscopic findings observed were considered incidental, of the nature 
commonly observed in this strain and age of rats, and/or of similar incidence and 
severity in control and treated rats and as such, were considered unrelated to 
administration of the test article in the Pathology Report.

This Reviewer concurs with the conclusions of the Pathology Report.
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The following table illustrates the toxicokinetic parameters that were measured (from the 
Applicant’s submission):

No necropsy and no collection of tissues were performed for toxicokinetic rats.

The following table illustrates the TK parameters results in this study (from the 
Applicant’s submission):
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• At the NOAEL, the local safety margin is  and the systemic safety margin is 
 based on a HED body surface area comparison when considering the 

maximum daily dose of 16 mg/day via this proposed product 

Methods
Doses: 0, 1.6, 3.2, 6.4, and 25.6 mg/day

Frequency of dosing: 1 (Groups 3, 4, and 5) or 4 times a day at 4 h 
intervals (Groups 1,2 and 6); see table below

Route of administration: Intranasal instillation via a microliter syringe
Dose volume: 80 to 320 mcL/day (see table below)

Formulation/Vehicle: 0.9% saline control and vehicle control (20% 
alcohol and  propylene glycol)

Species/Strain: Rats/Crl:CD(SD) Sprague Dawley rats
Number/Sex/Group: 10/sex/group for main study and 5/sex/group for 

recovery
Age: Approximately 8 weeks old

Weight: 232 to 275 g for males and 179 to 212 g for 
females

Satellite groups: Toxicokinetics group (see table below)
Unique study design: Animals were dosed with a fixed naloxone dose 

per day (mg/day) and not a naloxone dose per 
body weight (mg/kg). This study includes an 
olfactory functional assessment.

Deviations from study 
protocol:

There were no protocol deviations that directly 
impacted the study

The following table illustrates the study design of the main study and recovery groups 
(from the Applicant’s submission):
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Detailed clinical observations were performed at least once weekly beginning in Week -
1.

Clinical signs included thin cover fur, broken teeth, and missing teeth and were 
observed sporadically and not considered treatment-related.  Skin lesion and skin scab 
were observed in 1/10 females each in the high-dose females with no occurrences in 
any other group at the end of the treatment period.  In the recovery period, thin cover fur 
was observed in 1/10 males from the high-dose group with no occurrences in any other 
group.  There were no further changes in clinical observations.  According to the 
Pathology Report, these clinical signs were consistent with background findings in this 
age and strain of rats and as such, were not considered test article related.  

Body Weights
Rats were weighed at least once weekly beginning in Week -1.  A final fasted weight 
was recorded on the day of scheduled necropsy.  Terminal body weights were not 
collected from rats found dead.

Statistically significant changes in body weights were observed throughout the study in 
the different treatment groups.  In males, there were statistically significant increases in 
body weight in the 1.6 mg/day dose group on Days 15 and 28 by 6.41 and 7.61%, 
respectively, compared to the vehicle control as well as statistically significant 
decreases in the 25.6 mg/day dose group on Day 22 by 6.78% compared to the vehicle 
control.  In females, there were statistically significant decreases in body weight in the 
25.6 mg/day dose group on Days 15 and 22 by 5.85 and 5.68%, respectively, compared 
to the vehicle control.

Statistically significant changes in body weight gains were observed throughout the 
study in the different treatment groups.  In males, there were statistically significant 
increases during the first week of the treatment period (Days 1-8) in the 1.6, 3.2, and 
6.4 mg/day dose groups by 30.2, 28.9, and 28.5%, respectively, compared to the 
vehicle control but not in the 25.6 mg/day dose group.  However, there was a 
statistically significant decrease during the second week of the treatment period (Days 
8-15) in the 25.6 mg/day dose group by 23.4% compared to the vehicle control but not 
in any other naloxone dose group.  In addition, there were statistically significant 
increases during the entire treatment period (Days 1-28) in the 1.6 and 3.2 mg/day dose 
groups by 21.7 and 18.6%, respectively, compared to the vehicle control but not the 6.4 
and 25.6 mg/day dose groups.  In females, there were statistically significant increases 
during the first week of the treatment period (Days 1-8) in the 1.6, 3.2, and 6.4 mg/day 
dose groups by 41.8, 42.6, and 45.3%, respectively, compared to the vehicle control but 
not in the 25.6 mg/day dose group.  However, there were statistically significant 
decreases during the second week of the treatment period (Days 8-15) and the entire 
treatment period (Days 1-28) in the 25.6 mg/day dose group by 55.3 and 24.7%, 
respectively, compared to the vehicle control but not in any other naloxone dose group.  
In addition, there was a statistically significant decrease during the first week of the 
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recovery period (Days 28-36) in the 1.6 mg/day dose group by 49.4% compared to the 
vehicle control but not in any other naloxone dose group.  

There were no further changes in body weight or body weight gains.  According to the 
Pathology Report, the changes in body weight and body weight gains were not 
considered toxicologically relevant.  This Reviewer concurs with the conclusions of the 
Pathology Report.

Food Consumption
Food consumption was measured weekly beginning on Day 1 and continuing 
throughout the dosing and recovery periods.

Statistically significant changes in food consumption were observed throughout the 
study.  In males, there are statistically significant increases during the first week of the 
treatment period (Days 1-8) in the 1.6, 3.2, and 6.4 mg/day dose groups by 11.67, 
11.98, and 11.14%, respectively, compared to the vehicle control but not in the 25.6 
mg/day dose group.  There was a statistically significant increase and decrease during 
the second week of the treatment period (Days 8-15) in the 3.2 and 25.6 mg/day dose 
groups by 9.88 and 9.08%, respectively, compared to the vehicle control but not in the 
1.6 and 6.4 mg/day dose groups.  There was a statistically significant increase in the 
final week of the treatment period (Days 22-28) in the 6.4 mg/day dose group by 8.43% 
compared to the vehicle control but not in any other naloxone dose group.  In females, 
there were statistically significant decreases during the first 3 weeks of the treatment 
period (Days 1-8, 8-15, and 15-22) in the 25.6 mg/day dose group by 18.45, 23.57, and 
24.72%, respectively, compared to the vehicle control but not in any other naloxone 
dose group.

There were no further changes in food consumption.  According to the Pathology 
Report, these changes in food consumption were not toxicologically relevant and largely 
correlated to body weight changes.  This Reviewer concurs with the conclusions of the 
Pathology Report.

Ophthalmoscopy
Ophthalmological exams were performed during pretreatment (Day -3) and during the 
last week of the treatment period (Day 29).  There were no treatment-related changes in 
the ophthalmological exams.

ECG
An ECG was not performed.

Hematology
Blood was collected from the vena cava for hematology, coagulation, and clinical 
chemistry and urine was collected overnight by urine collection cages for urinalysis 
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according to the schedule illustrated in the following table (from the Applicant’s 
submission):

Blood The following hematology and coagulation parameters were measured (from the 
Applicant’s submission):

There were no treatment-related changes in hematology and coagulation at the end of 
the treatment period.  The following table illustrates the changes in hematology and 
coagulation at the end of the recovery period (data from the Applicant’s submission):

Observation Saline 
Control

Vehicle 
Control

1.6 
mg/day

3.2 
mg/day

6.4 
mg/day 

25.6 
mg/day 

Recovery Period
Males
RDW (%) 14.56 13.54 13.54 14.14 14.62 15.04a

+3.30%
Reticulocyte (10-9/L) 213.60 183.00 181.56 188.40 215.50 269.06c

+25.96%
a = Significantly different from vehicle control (p<0.05) with the Dunnett Test
c = Significantly different from vehicle control (p<0.001) with the Dunnett Test

There were statistically significant increases in red blood cell distribution width (RDW) 
and the reticulocyte count by 3.30 and 25.96%, respectively, in the 25.6 mg/day male 
dose group compared to vehicle control.  According to the Pathology Report, the 
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changes in RDW and reticulocyte count are not considered toxicologically meaningful 
because the differences were minor and within historical control ranges.  This Reviewer 
concurs with the conclusions of the Pathology Report.

There were no further treatment-related changes in hematology and coagulation at the 
end of the recovery period.

Clinical Chemistry
The following clinical chemistry parameters were measured (from the Applicant’s 
submission):

The following table illustrates the treatment-related changes in clinical chemistry at the 
end of the treatment period (data from the Applicant’s submission):

Observation Saline 
Control

Vehicle 
Control

1.6 
mg/day

3.2 
mg/day

6.4 
mg/day 

25.6 
mg/day 

Treatment Period
Males
Na (mEq/L) 144.22 143.78 143.78 144.22 144.00 145.33a

+0.77%
a = Significantly different from vehicle control (p<0.05) with the Dunnett Test

There was a statistically significant increase in sodium levels (Na) by 0.77% in the 25.6 
mg/day male dose group compared to vehicle control at the end of the treatment period.  
According to the Pathology Report, the change in the sodium levels was considered not 
toxicologically meaningful because the differences were minor and within historical 
control ranges.  This Reviewer concurs with the conclusions of the Pathology Report.

There were no further treatment-related changes in clinical chemistry at the end of the 
treatment and recovery periods.

Urinalysis
 The following urinalysis parameters were measured (from the Applicant’s submission):
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There were no treatment-related changes in urinalysis at the end of the treatment and 
recovery periods.

Gross Pathology
On the day of scheduled sacrifice for the treatment and recovery periods, respectively, 
all surviving rats were weighed and a complete necropsy examination was performed.  
Necropsy included evaluation of the carcass and musculoskeletal system, all external 
surfaces and orifices, cranial cavity and external surfaces of the brain, and examination 
of cavities (thoracic, abdominal, and pelvic cavities) with their associated organs and 
tissues.

The following table illustrates the changes in gross pathology at the end of the treatment 
period (data from the Applicant’s submission):

Observation Saline 
Control

Vehicle 
Control

1.6 
mg/day

3.2 
mg/day

6.4 
mg/day 

25.6 
mg/day 

Treatment Period
Males
Liver
--Focus, raised 0/9 0/10 0/10 0/10 0/10 1/10
Skin
--Scab 0/9 0/10 0/10 0/10 0/10 0/10
Thymus
--Discoloration, dark 1/9 1/10 1/10 0/10 0/10 0/10
Females
Liver
--Focus, raised 0/10 0/10 0/10 0/10 0/10 0/9
Skin
--Scab 0/10 0/10 0/10 0/10 0/10 1/9
Thymus
--Discoloration, dark 0/10 0/10 1/10 0/10 1/10 3/9

As shown in the table above, raised focus in the liver in 1/10 males from the 25.6 
mg/day dose group as well as scab in the skin and dark discoloration in the thymus in 
1/9 and 3/9 females, respectively, from the 25.6 mg/day dose group compared to none 
in the controls was observed.  According to the Pathology Report, all macroscopic 
observations were considered spontaneous and/or incidental because they occurred at 
a low incidence, were randomly distributed across all groups including controls, or were 
as expected for young Sprague Dawley rats.  This Reviewer concurs with the 
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conclusions of the Pathology Report with exception to the dark discoloration in the 
thymus in the 25.6 mg/day female dose group because this finding was observed with 
significantly greater incidence over the controls.

There were no treatment-related changes in gross pathology at the end of the recovery 
period in both males and females.

Organ Weights
The following organs were weighed (from the Applicant’s submission):

The following table illustrates the changes in prostate gland organ weight parameters in 
males at the end of the treatment period (data from the Applicant’s submission):

Observation Saline 
Control

Vehicle 
Control

1.6 
mg/day

3.2 
mg/day

6.4 
mg/day 

25.6 
mg/day 

Prostate Gland (absolute 
weight in g) 0.8916 0.7541 0.9328 0.8352 0.9660a

+28.1%
0.9467a

+25.5%
Prostate Gland (organ to body 
weight ratio in %) 0.2298 0.1971 0.2187 0.2032 0.2347 0.2616b

+32.7%
Prostate Gland (organ to brain 
weight in %) 42.04 35.42 43.50 39.29 45.38a

+28.1%
45.51a

+28.8%
a = significantly different from vehicle control p ≤ 0.05 (Dunnett)
b = significantly different from vehicle control p ≤ 0.01 (Dunnett)

As shown in the table above, there were statistically significant increases in the absolute 
organ weight of the prostate gland as well as the prostate gland-to-brain weight ratio in 
the male 6.4 and 25.6 mg/day dose groups compared to the vehicle control.  In addition, 
there was a statistically significant increase in the prostate gland-to-body weight ratio in 
the male 25.6 mg/day dose group compared to the vehicle control.  According to the 
Pathology Report, all differences in organ weight parameters and statistical significance 
were consistent with normal variation and considered incidental as the differences were 
characterized by a lack of correlative findings and/or were considered not to be of 
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toxicological significance.  This Reviewer concurs with the conclusions of the Pathology 
Report as there was no macroscopic or microscopic correlate in the prostate gland.

There were no further treatment-related changes in the organ weight parameters in 
males at the end of the treatment period.  There were no treatment-related changes in 
the organ weight parameters in males at the end of the recovery period.

The following table illustrates the changes in organ weight parameters in females at the 
end of the treatment period (data from the Applicant’s submission):

Observation Saline 
Control

Vehicle 
Control

1.6 
mg/day

3.2 
mg/day

6.4 
mg/day 

25.6 
mg/day 

Thymus (absolute organ 
weight in g) 0.4187 0.4667 0.3694 0.3999 0.4236 0.3273b

-29.9%
Brain (organ-to-body weight 
ratio in %) 0.8486 0.8239 0.8055 0.8068 0.7967 0.9030b

+9.60%
Thymus (organ-to-brain 
weight ratio in %) 21.07 23.81 18.92 20.11 21.79 16.17b

-32.1%
Heart (organ-to-brain weight 
ratio in %) 44.80 44.34 45.64 44.56 44.77 39.86a

-10.1%
a = significantly different from vehicle control p ≤ 0.05 (Dunnett)
b = significantly different from vehicle control p ≤ 0.01 (Dunnett)

As shown in the table above, there were statistically significant decreases in the thymus 
absolute weight, thymus-to-brain weight ratio, and heart-to-brain weight ratio as well as 
a statistically significant increase in the brain-to-body weight ratio in the female 25.6 
mg/day dose group compared to the vehicle control.  According to the Pathology 
Report, all differences in organ weight parameters, statistically significant or not, were 
consistent with normal variation and considered incidental as the differences were 
characterized by a lack of correlative findings and/or were considered not to be of 
toxicological significance.  This Reviewer concurs with the conclusions of the Pathology 
Report regarding the organ weight parameter changes in the brain and heart.  However, 
the decreases in the absolute thymus weight and thymus to body weight ratio may have 
macroscopic (dark discoloration) and microscopic (congestion) correlates.

There were no further treatment-related changes in the organ weight parameters in the 
females at the end of the treatment period.  There were no treatment-related changes in 
the organ-to-body weight ratio and the organ-to-brain weight ratio in females at the end 
of the treatment period.

The following table illustrates the changes in the absolute organ weights in females at 
the end of the recovery period (data from the Applicant’s submission):
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Observation Saline 
Control

Vehicle 
Control

1.6 
mg/day

3.2 
mg/day

6.4 
mg/day 

25.6 
mg/day 

Heart (absolute organ weight 
in g) 0.9778 1.068 0.9276a

-13.1%
0.9596 1.006 0.9170b

-14.1%
a = significantly different from vehicle control p ≤ 0.05 (Dunnett)
b = significantly different from vehicle control p ≤ 0.01 (Dunnett)

As shown in the table above, there was a statistically significant increase in the heart 
absolute weight in the female 1.6 and 25.6 mg/day dose groups compared to the 
vehicle control.  According to the Pathology Report, all differences in organ weight 
parameters, statistically significant or not, were consistent with normal variation and 
considered incidental as the differences were characterized by a lack of correlative 
findings and/or were considered not to be of toxicological significance.  This Reviewer 
concurs with the conclusions of the Pathology Report as there are no macroscopic or 
microscopic correlate in the heart.

There were no further changes in absolute organ weights in the females at the end of 
the recovery period.  There were no treatment-related changes in the organ-to-body 
weight ratio and the organ to brain weight ratio in females at the end of the recovery 
period.

Histopathology
Adequate Battery
The following tissues were collected and preserved from the necropsy and then 
examined microscopically (from the Applicant’s submission):
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This is an adequate set of tissues for histopathology.

Peer Review
Yes

Histological Findings
The following table illustrates the microscopic findings in the nasal cavity, larynx, and 
trachea at the end of the treatment period (from the Applicant’s submission):

Reference ID: 4561925Reference ID: 4791670





NDA 212045 Reviewer:  Carlic K. Huynh, PhD

58

Liver
--Hepatodiaphragmatic 
nodule, congenital
    Mild 0/9 0/10 0/10 0/10 0/10 1/10
Females
Kidney
--Chronic Inflammation
    Mild 0/10 0/10 0/10 0/10 0/10 1/9
Liver
--Vacuolation, hepatocyte
    Mild 0/10 0/10 0/10 0/10 0/10 1/9
Skeletal Muscle
--Infiltrate, histiocyte
    Minimal 0/10 0/10 0/10 0/10 0/10 1/9
Pancreas
--Infiltrate, mononuclear cell
    Minimal 0/10 0/10 0/10 0/10 0/10 1/9
Skin
--Chronic Inflammation
    Mild 0/10 0/10 0/10 0/10 0/10 1/9
Thymus
--Congestion
    Minimal
    Mild

0/10
1/10

1/10
1/10

1/10
0/10

0/10
0/10

1/10
1/10

0/9
3/9

Urinary Bladder
--Infiltrate, mononuclear cell
    Mild 0/10 0/10 0/10 0/10 0/10 1/9

Congestion in the thymus was observed in 1/9 and 3/9 females from the 6.4 and 25.6 
mg/day females compared to 1/9 each in the saline and vehicle controls.  This finding 
appears to be dose-dependent and as such, appears to be treatment-related.  There 
were no further microscopic changes at the end of the treatment period in males and 
females.  In the Pathology Report, all other microscopic observations at the end of the 
treatment period were considered spontaneous and/or incidental because they occurred 
at low incidence, were randomly distributed across all groups including controls, or were 
as expected for young rats of this strain.  However, congestion in the thymus appears to 
have a greater incidence in the high-dose females compared to the saline and vehicle 
controls (3/9 vs. 1/10 and 1/10, respectively) and as such, appears to be more 
significant than a background finding.

The following table illustrates the microscopic changes in the nasal cavity, larynx, 
nasopharynx, and trachea at the end of the recovery period (from the Applicant’s 
submission):
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--Tension Lipidosis
    Minimal
    Mild

0/5
0/5

0/5
0/5

0//5
0/5

0/5
1/5

0/5
0/5

1/5
0/5

There were no further microscopic changes at the end of the recovery period.  
According to the Pathology Report, all other microscopic observations at the end of the 
recovery period were considered spontaneous and/or incidental because they occurred 
at a low incidence, were randomly distributed across all groups including controls, or 
were as expected for young rats of this strain in the Pathology Report.  This Reviewer 
concurs with the conclusions of the Pathology Report that there are no treatment-
related changes in histopathology at the end of the recovery period.

Special Evaluation
Olfactory functional assessment was performed once pretreatment (Day -1), during the 
last week of dosing (Day 27), and at the end of the recovery period (Day 41).  A cotton 
swab soaked in water was used first to acclimate the rats to the cotton swab.  After 
approximately 15 to 30 seconds, the water-soaked cotton swab was removed and 
replaced by the ammonia-soaked cotton swab.  The assessment was assessed as a 
pass/fail procedure with a recoil reaction from ammonia being an intact olfactory 
response and a lack of recoil being a deficient olfactory response.  There were no 
treatment-related changes as evaluated in the olfactory functional assessment.

Toxicokinetics
Blood was collected from the jugular vein for toxicokinetics according to the schedule 
illustrated in the following table (from the Applicant’s submission):

The following toxicokinetics parameters were measured (from the Applicant’s 
submission):
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The following table illustrates the TK parameter results after treatment with intranasal 
naloxone in toxicokinetics rats for 28 days (from the Applicant’s submission):
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As shown in the table above, the Tmax is 15 to 20 minutes for all doses of naloxone 
given.  With the exception of the 25.6 mg/day dose group, the Cmax on Day 1 is less 
than on Day 28.  With the exception of the 1.6 mg/day dose group, there does not 
appear to be any dose accumulation between Days 1 and 28 for the 3.2, 6.4, and 25.6 
mg/day dose groups as the AUC0-24 on Day 1 is greater than on Day 28 for all of these 
dose groups.  There does not appear to be any dose proportionality for Cmax between 
the 3.2 and 6.4 mg/day doses and 6.4 to 25.6 mg/day dose groups on Day 1, between 
the 1.6 to 3.2 mg/day dose groups and the 6.4 to 25.6 mg/day dose groups on Day 28 
as well as for AUC0-24 for any dose group.  Sex differences were not apparent as mean 
levels were variable between dose groups and time points.

Dosing Solution Analysis
Dose formulation samples were collected according to the following schedule (from the 
Applicant’s submission):
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The concentrations of naloxone (Day 1 = %, Day 28 = %) and alcohol (Day 1 
= %, Day 28 = %) in the test article dosing formulations are within protocol 
specifications of ± 10% of the theoretical concentration.  The concentration of alcohol 
(Day 1 = %, Day 28 = %) in the vehicle formulation was within protocol 
specifications of ± 10% of the theoretical concentration.  Naloxone was not detected in 
any of the control article samples.

Study title:  A 28-day Study of Naloxone Nasal Spray by Intranasal 
Administration in Dogs with a 14-day Recovery Period

Study no.: 20142826
Study report location: EDR link 

Conducting laboratory and location:

Date of study initiation: June 7, 2018
GLP compliance: Yes.  Signature provided on March 26, 

2019.
QA statement: Yes.  Signature provided on March 26, 

2019.
Drug, lot #, and % purity: Naloxone Nasal Spray 80 mg/mL (20% 

alcohol); Lot RW1182144; 102% pure

Key Study Findings
• Beagle dogs were administered 0, 22.4, 64, or 160 mg/day naloxone (80 mg/mL) 

intranasally split into 2 administrations, one per nostril, for 28 days with a 14-day 
recovery period.

• There were no early deaths and there were no treatment-related changes in body 
weights, body weight gains, food consumption, ophthalmoscopy, ECG, urinalysis, 
and organ weight parameters (absolute organ weight, organ-to-body weight ratio 
and organ-to-brain weight ratio).

• There were no changes in the olfactory functional assessment (smell test using 
water-soaked vs. ammonia-soaked cotton swabs).

• A number of clinical signs were observed in all groups including salivation, 
gastrointestinal distress (red and green fecal color, soften, liquid, and mucoid 
material described as black, brown, clear, green, red, white, or yellow), and 
material associated with emesis (foamy material described as white or yellow), 
as well as skin conditions (reddened skin, scab, or lesion), fur condition (wet or 
thin), and eye discharge.  These changes were not observed in recovery.

• There were decreases in MCHC in the male and female 160 mg/day dose groups 
that were below the normal range and as such, is considered treatment-related.  
These changes were not observed in the recovery groups.

• There were decreases in albumin in the male 160 mg/day dose group and in 
triglycerides in the female 22.4 and 160 mg/day dose groups.  The decrease in 
triglycerides were considered not toxicologically meaningful.  However, the 
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Observations and Results

Mortality
Throughout the study, dogs were observed for mortality/moribundity twice daily.  All 
dogs survived to the scheduled sacrifice.

Clinical Signs
Cage-side observations were performed once daily beginning in Week -1 and 
continuing throughout the dosing and recovery periods.  During the dosing period, these 
observations were performed 1 to 3 hours postdose.  Cage-side observations were not 
performed on the day of detailed clinical observations during the pretreatment (prior to 
Day 1) and recovery periods as well as on the day of the scheduled sacrifice.  Detailed 
clinical observations were performed at least once weekly beginning on Week -1.

Increased salivation was observed in all vehicle-exposed groups but there was an 
increased incidence with naloxone treatment in both males and females during the 
treatment period.  Signs of gastrointestinal distress was also observed in all groups 
including the saline control.  Such signs are alternations in fecal color (red, green), shifts 
in fecal consistency (soften, liquid, and mucoid material as described as black, brown, 
clear, green, red, white, yellow, or red/particulate), and the presence of material 
associated with emesis (foamy material described as white or yellow, liquid material 
described as yellow, brown, or red, and/or partly digested food) although no emesis was 
directly observed.  Other clinical signs included skin observations (reddened skin, scab, 
or lesion), fur condition (wet fur or thin fur), and eye discharge in all dose groups.  
According to the Pathology Report, these clinical signs were considered incidental, of 
the nature commonly observed in this strain and age of dogs, related to the intranasal 
delivery method, and/or were of similar incidence in control, vehicle, and treated dogs 
and as such, were considered unrelated to administration of vehicle or naloxone.  This 
Reviewer concurs with the conclusions of the Pathology Report.

There were no treatment-related changes in clinical signs in the males and females 
during the recovery period.

Body Weights
Body weights were taken weekly starting at Week -1.  A final fasted weight was 
recorded on the day of the scheduled sacrifice.  There were no treatment-related 
changes in body weight and body weight gain during the treatment and recovery 
periods.

Food Consumption
Food consumption was measured daily starting at Week -1 and continuing throughout 
the dosing and recovery periods with exception of the day of the scheduled sacrifice.  
Weekly values were calculated and reported.  There were no treatment-related changes 
in food consumption during the treatment and recovery periods.
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Ophthalmoscopy
Ophthalmological examinations were preformed once pretreatment (Day -10) and 
during the last week of the treatment period (Day 25).  There were no treatment-related 
changes to the ophthalmological exams.

ECG
Electrocardiogram (ECG) measurements were obtained once pretreatment (Day -7), on 
Day 2 (within 10 to 30 minutes postdose), during the last week of dosing (Day 26, prior 
to dosing and within 10 to 30 minutes postdose), and during the last week of the 
recovery period (Day 40).  There were no treatment-related changes in the ECG 
measurements.

Hematology
Blood and urine samples were collected according to the following schedule (from the 
Applicant’s submission):

Blood was collected via the jugular vein.  Urine was collected overnight by cage pan 
drainage.  The dogs were fasted overnight prior to the collection of these samples.

The following hematology and coagulation parameters were measured (from the 
Applicant’s submission):
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The following table illustrates the changes in hematology and coagulation (data from the 
Applicant’s submission):

Observation Day Saline 
Control

Vehicle 
Control

22.4 
mg/day

64 
mg/day

160 
mg/day

Males
MCHC (g/dL) 29 33.14 32.84 32.98 32.34 31.98a

-2.62%
Females
MCHC (g/dL) 29 33.46 32.88 32.26 32.06 32.06a

-4.26%
a = Significantly different from vehicle control (p<0.05) for the Dunnett Test

Mean corpuscular hemoglobin concentration (MCHC) was statistically significantly 
reduced by 2.62 and 4.26% in the male and female 160 mg/day dose groups, 
respectively, compared to the vehicle controls.  These changes were not observed in 
the recovery groups.  According to the Pathology Report, the decreases in MCHC in 
high-dose males and females were not considered toxicologically meaningful because 
the differences were minor and within historical control ranges.  However, the decrease 
in MCHC is below the normal range of 33-37 g/dL (Derelanko, 2008) and as such, is 
considered treatment-related.

There were no further treatment related changes in hematology and coagulation at the 
end of the treatment and recovery periods.

Clinical Chemistry
The following clinical chemistry parameters were measured (from the Applicant’s 
submission):
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The following table illustrates the changes in clinical chemistry (data from the 
Applicant’s submission):

Observation Day Saline 
Control

Vehicle 
Control

22.4 
mg/day

64 
mg/day

160 
mg/day

Males
Albumin (g/dL) 29 3.28 3.26 3.48 3.50 3.56a

+9.20%
Females
Triglyceride (g/dL) 29 29.80 46.00 28.60e

-37.83%*
35.00 32.00a

-30.43%*
* Compared to vehicle
a = Significantly different from vehicle control (p<0.05) in Dunnett Test
e = Significantly different from vehicle control (p<0.01) in Dunnett Test

In males, there was a statistically significant reduction in albumin by 9.20% in the 160 
mg/day dose group compared to vehicle control at the end of the treatment period.  This 
change in albumin was not observed at the end of the recovery period.  In females, 
there was a significant reduction in triglycerides by 37.83 and 30.43% in the 22.4 and 
160 mg/day dose groups (low- and high dose), respectively, compared to vehicle control 
at the end of the treatment period.  The change in triglycerides was not dose-dependent 
and not observed in the recovery period and not different than saline control arm.  
According to the Pathology Report, the decreases in albumin and triglycerides are not 
considered toxicologically meaningful because these changes were minor, not dose 
dependent, and/or within historical control ranges.  This Reviewer concurs with the 
conclusions of the Pathology Report.

There were no further treatment-related changes in clinical chemistry at the end of the 
treatment and recovery periods.

Urinalysis
The following urinalysis parameters were measured (from the Applicant’s submission):

There were no treatment-related changes in urinalysis at the end of the treatment and 
recovery periods.

Gross Pathology
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Main study and recovery dogs surviving until the scheduled sacrifice were fasted 
overnight, weighed, and samples for clinical pathology and toxicokinetics were collected 
according to the following table (from the Applicant’s submission):

All surviving dogs were subjected to a complete necropsy, which included evaluation of 
the carcass and musculoskeletal system, all external surfaces and orifices, cranial 
cavity and external surfaces of the brain, and cavities (thoracic, abdominal, and pelvic 
cavities) with their associated organs and tissues.

The following table illustrates the changes in gross pathology in both males and females 
at the end of the treatment period (data from the Applicant’s submission):

Observation Saline 
Control

Vehicle 
Control

22.4 
mg/day

64 
mg/day

160 
mg/day 

Treatment Period
Males
Bronchus
--Focus, dark 0/3 0/3 0/3 0/3 0/3
Females
Bronchus
--Focus, dark 0/3 0/3 0/3 0/3 1/3

As shown in the table above, there was an incidence of 1/3 females observed with dark 
focus in the bronchus in the 160 mg/day dose group compared to none in the controls.  
According to the Pathology Report, all gross pathology findings were considered 
incidental, of the nature commonly observed in this strain and age of dogs, and/or were 
of similar incidence in all dose groups and as such, were considered unrelated to 
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administration of vehicle or naloxone.  In additional to this gross pathology observation 
in the bronchus, there are microscopic changes in the bronchus (minimal acute 
hemorrhage).  

There were no treatment-related changes in gross pathology in the males and females 
at the end of the recovery period.

Organ Weights
The following organs were weighed (from the Applicant’s submission):

There were no treatment-related changes in the organ weight parameters (absolute 
organ weight, organ weight-to-body weight ratio, and organ weight-to-brain weight ratio) 
in both males and females at the end of the treatment and recovery periods.

Histopathology
Adequate Battery
The following tissue were collected and preserved after necropsy and then 
microscopically examined (from the Applicant’s submission):
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This is an adequate battery for histopathology.

Peer Review
Yes

Histological Findings
The following table illustrates the microscopic findings in the nasal cavity and trachea as 
noted by the Applicant at the end of the dosing period (from the Applicant’s submission):
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As shown in the table above, degeneration/regeneration of the respiratory epithelium in 
the nasal cavity was observed in the naloxone dose groups and the vehicle control.  
The Pathology Report describes respiratory epithelium degeneration/regeneration as 
characterized by increased cytoplasmic basophilia, loss of cilia, and epithelial 
disorganization.  The finding was generally observed along the ventral meatus and tips 
of nasoturbinates.  Degeneration/regeneration of respiratory epithelium was considered 
minimal when < 10% of the mucosa was affected and mild when 10 to 20% of the 
mucosa was affected.  According to the Pathology Report, the dose-dependent increase 
in incidence and severity in the test article-treated groups compared to the vehicle-
treated groups suggests a test article-related exacerbation of the vehicle-associated 
changes but the finding was considered non-adverse.  Because this finding exacerbated 
vehicle associated changes as well as the dose-dependency of the finding, this 
Reviewer considers degeneration/regeneration of the respiratory epithelium in the nasal 
cavity as a treatment-related effect at the 64 and 160 mg/day dose groups.  

Neutrophilic infiltration of the trachea was observed sporadically in all dose groups.  The 
Pathology Report describes neutrophilic infiltration in the trachea as characterized by 
increased numbers of neutrophils in the submucosa and mucosa with occasional 
intraepithelial aggregates.  Neutrophilic infiltration of the trachea was concluded to be 
related to the vehicle rather than to the test article in males because there was no dose 
response of the finding in males and was concluded to be incidental and unrelated to 
administration to the vehicle or the test article in females because there was a lack of a 
trend as the finding was only observed in 1/3 dogs in the saline control and 2/3 dogs in 
the 64 mg/day dose group.  This finding was considered non-adverse in the Pathology 
Report.  This Reviewer concurs with the conclusions of the Pathology Report.

Other microscopic findings at the end of the treatment period are illustrated in the 
following table (data from the Applicant’s submission):

Observation Saline 
Control

Vehicle 
Control

22.4 
mg/day

64 
mg/day

160 
mg/day 
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Treatment Period
Males
Bronchus
--Hemorrhage, acute
    Minimal 0/3 0/3 0/3 0/3 0/3
Adrenal Gland
--Vacuolation, zona fasciculata
    Mild 0/3 0/3 0/3 0/3 1/3
Pituitary Gland
--Cyst, pars distalis 0/3 0/3 1/3 0/3 0/3
Kidney
--Basophilia, cortical
    Minimal 0/3 0/3 0/3 0/3 1/3
Liver
--Infiltration, mixed cell
    Minimal 0/3 0/3 0/3 0/3 0/3
Lung
--Hyperplasia, pneumocyte, type 2
    Minimal
    Mild
--Inflammation, neutrophilic, alveolar, 
lumen
    Mild

0/3
0/3

0/3

1/3
0/3

0/3

0/3
0/3

0/3

0/3
0/3

0/3

0/3
0/3

0/3
Thymus
--Decreased cellularity, lymphoid
    Minimal 0/3 0/3 0/3 0/3 0/3
Females
Bronchus
--Hemorrhage, acute
    Minimal 0/3 0/3 0/3 0/3 1/3
Adrenal Gland
--Vacuolation, zona fasciculata
    Mild 0/3 0/3 0/3 0/3 1/3
Pituitary Gland
--Cyst, pars distalis 0/3 0/3 0/3 0/3 1/3
Kidney
--Basophilia, cortical
    Minimal 0/3 0/3 0/3 0/3 0/3
Liver
--Infiltration, mixed cell
    Minimal 0/3 0/3 1/3 0/3 1/3
Lung
--Hyperplasia, pneumocyte, type 2
    Minimal
    Mild
--Inflammation, neutrophilic, alveolar, 
lumen
    Mild

0/3
0/3

0/3

0/3
0/3

0/3

0/3
0/3

0/3

0/3
0/3

0/3

0/3
1/3

1/3
Thymus
--Decreased cellularity, lymphoid
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    Minimal 0/3 0/3 0/3 0/3 1/3

As shown in the table above, a number of changes were observed in the bronchus 
(minimal acute hemorrhage), adrenal gland (mild vacuolation of the zona fasciculate), 
pituitary gland (cyst), kidney (minimal cortical tubular basophilia), liver (minimal mixed 
cell infiltration), lung (minimal to mild type 2 pneumocyte hyperplasia and mild 
neutrophilic inflammation), and thymus (minimal decreased lymphoid cellularity) in 
various dogs from the male and female dose groups.  In the pituitary gland, cysts are 
fluid-filled sacs that usually resolve without intervention and as such, are not considered 
treatment-related.  According to the Pathology Report, these changes were considered 
incidental, of the nature commonly observed in this strain and age of dogs, and/or were 
of similar incidence and severity in control, vehicle, and treated dogs, and as such, were 
considered unrelated to administration of the vehicle or test article.  However, these 
changes were observed in 1/3 of dogs in the 160 mg/day dose group, representing 33% 
of the population in the affected groups as well as a dose-dependency, and as such, 
This Reviewer considers these changes to be treatment-related.

The following table illustrates the microscopic findings in the nasal cavity and trachea as 
noted by the Applicant at the end of the recovery period (from the Applicant’s 
submission):

As shown in the table above, regeneration/degeneration of the olfactory epithelium in 
the nasal cavity was reduced and neutrophilic infiltration of the trachea was not present 
in the recovery groups.  Regeneration/degeneration of the olfactory epithelium in the 
nasal cavity was not dose dependent when both male and female data were considered 
and as such, was not considered treatment-related.  In the Pathology Report, 
neutrophilic infiltration in the trachea was considered incidental following recovery and 
unrelated to administration of the test article.  This Reviewer concurs with the 
conclusions of the Pathology Report.
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Other microscopic findings at the end of the recovery period are illustrated in the 
following table (data from the Applicant’s submission):

Observation Saline 
Control

Vehicle 
Control

22.4 
mg/day

64 
mg/day

160 
mg/day 

Recovery Period
Males
Parathyroid Gland
--Cyst NE 0/2 NE 0/2 0/2
Lung
--Infiltration, mixed cell
    Minimal 0/2 0/2 1/2 1/2 1/2
Pharynx
--Inflammation, neutrophilic
    Moderate 0/2 0/2 0/2 1/2 0/2
Females
Parathyroid Gland
--Cyst 0/2 NE 0/2 0/2 1/2
Lung
--Infiltration, mixed cell
    Minimal 0/2 0/2 1/2 0/2 0/2
Pharynx
--Inflammation, neutrophilic
    Moderate 0/2 0/2 1/2 0/2 1/2

As shown in the table above, there were microscopic changes in the parathyroid gland 
(cyst), lung (minimal mixed cell infiltration), and pharynx (moderate neutrophilic 
inflammation) at the end of the recovery period.  In the parathyroid gland, cysts are 
fluid-filled sacs that often resolve without intervention and as such, are not considered 
treatment-related.  In the lung, mixed cell infiltration was not dose dependent when both 
male and female data were considered and as such, was not considered treatment-
related.  In the pharynx, neutrophilic inflammation was not dose dependent when both 
male and female data were considered and as such, was not considered treatment-
related.  According to the Pathology Report, these other microscopic changes were 
considered incidental, of the nature commonly observed in this strain and age of dogs, 
and/or were of similar incidence and severity in control and treated dogs and as such, 
were considered unrelated to administration of vehicle or test article.  This Reviewer 
concurs with the conclusions of the Pathology Report.

Special Evaluation
Olfactory functional assessment was performed once pretreatment (Day -3), during the 
last week of dosing (Day 26), and at the end of the recovery period (Day 39).  A cotton 
swab soaked in water was used first to acclimate the dogs to the cotton swab.  After 
approximately 15 to 30 seconds, the water-soaked cotton swab was removed and 
replaced by the ammonia-soaked cotton swab.  The assessment was assessed as a 
pass/fail procedure with a recoil reaction from ammonia being an intact olfactory 
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response and a lack of recoil being a deficient olfactory response.  There were no 
treatment-related changes to the olfactory functional assessment.

Toxicokinetics
Blood for toxicokinetic analysis was collected via jugular vein and according to the 
following table (from the Applicant’s submission):

The following toxicokinetics parameters were measured (from the Applicant’s 
submission):
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The following table illustrates the TK parameter results after treatment with intranasal 
naloxone in the main study dogs for 28 days (from the Applicant’s submission):
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As shown in the table above, the Tmax is 15 minutes on Days 1 and 28 for all doses.  For 
all dose groups, the Cmax on Day 1 is greater than on Day 28.  For all dose groups, 
there does not appear to be any dose accumulation between Days 1 and 28 as the 
AUC0-24 on Day 1 is greater than on Day 28.  There does not appear to be any dose 
proportionality for Cmax and AUC0-24 between each successive dose group on both Days 
1 and 28.  There does not appear to be any apparent sex differences.

Dosing Solution Analysis
Dose formulation samples were collected according to the following schedule (from the 
Applicant’s submission):
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The concentrations of naloxone (Day 1 = , Day 28 = ) and alcohol (Day 1 
= , Day 28 = ) in the test article dosing formulations are within protocol 
specifications of ± 10% of the theoretical concentration.  The concentration of alcohol 
(Day 1 = , Day 28 = ) in the vehicle formulation was within protocol 
specifications of ± 10% of the theoretical concentration.

7 Genetic Toxicology
There were no genetic toxicology studies with naloxone submitted in this NDA.  The 
label will reflect the data in the referenced product.
 

8 Carcinogenicity
There are no carcinogenicity studies with naloxone submitted in this NDA.  The label will 
reflect the data in the referenced product.

9 Reproductive and Developmental Toxicology
There were no reproductive and developmental toxicology studies with naloxone 
submitted in this NDA.  The label will reflect the data in the referenced product.

10 Special Toxicology Studies
The Applicant submitted a juvenile rat study with intranasal naloxone in this NDA to 
address the neurodevelopmental concerns with alcohol and propylene glycol.
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Methods
Doses: 0, 0.8, 1.2, and 1.6 mg/nostril/nose (0, 1.6, 2.4, 

and 3.2 mg/day total) per set for 20% and % 
alcohol group sets

Frequency of dosing: Single dose but administered twice (once in 
each nostril)

Route of administration: Intranasal instillation administered via extrusion 
of a drop from a calibrated pipette that was 
allowed to enter into the naris by way of gravity, 
with one half of the dose administered into each 
nostril

Dose volume: 20 to 40 mcL/day (see table below)
Formulation/Vehicle: 0.9% saline control group; 20% alcohol and  

propylene glycol vehicle control group; % 
alcohol and  propylene glycol vehicle control 
group

Species/Strain: Rats/Sprague Dawley rats Crl:CD(SD)
Number/Sex/Group: See text tables below

Age: Single intranasal dose given as two separate 
administrations on postnatal day (PND) 7

Weight: All pups were weighed before the dose was 
administered

Satellite groups: See text tables below (multiple groups of pups 
including neurobehavioral and toxicokinetics 
groups)

Unique study design: This is a juvenile animal study in rats to address 
the effects of alcohol on juvenile rats as well as 
a neurobehavioral and toxicokinetics study in 
addition to being a single intranasal dose toxicity 
study in juvenile rats.  Animals were dosed with 
a fixed naloxone dose per day (mg/day) and not 
a naloxone dose per body weight (mg/kg).

Deviations from study 
protocol:

Numerous deviations were described but none 
precluded interpretation of results or outcome of 
the study.

Study Design and Administration of Test Articles
F0 generation dams were not administered the control, vehicle, or naloxone.  The pups 
from these F0 dams were assigned to various groups on PNDs 3 to 6 or 7 and dosing 
began on PND 7 (a single intranasal dose divided by 2 administrations) followed by a 
28-day recovery period.  All pups were administered one half the total dose into the right 
naris using a calibrated pipette.  Higher dose volumes for the higher doses required 
drop-wise administration to allow entry into the naris by gravity until one half of the total 
dose had been delivered.  Dosing into the right naris was followed by a period of 3 to 5 
minutes to allow for the dose to descend into the nasal cavity and for a general 
assessment of the condition of the pup.  These procedures were repeated for 
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Observations and Results
F0 generation dams were not administered the control, vehicle, or naloxone.  In the F0 
generation dams, viability observations were recorded twice daily.  Clinical observations 
were recorded weekly.  Maternal behavior was recorded daily beginning the day after 
arrival.  Maternal body weights were recorded weekly.  Food consumption was not 
measured; however, food was monitored and replenished as necessary to monitor the 
health and well-being of the dams.  F0 generation data were not reported but were 
retained by the Applicant.  Dams assigned to the study were sacrificed after weaning or 
litter sacrifice (PND 8 and 10) and discarded without further evaluation.  Dams not 
assigned to study were sacrificed and discarded without further evaluation after 
determination that no pups from these dams were required for the study.

Mortality
During the pre-dose period, litters were observed for dead pups twice daily until 
initiation of dose administration.  The pups in each litter were counted once daily until 
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These deaths in the % alcohol vehicle groups with and without naloxone were 
attributed to the higher alcohol concentration according to the Pathology Report.  These 
deaths occurred on PND 7 to PND 12 during multiple phases of the study and the pups 
appeared normal prior to death.  For those animals that had a cause of death annotated 
in the % alcohol groups, the most common cause of death was exudate in the upper 
respiratory tract leading to a negative impact on respiration.  The deaths in 1 male from 
the low-dose naloxone in 20% alcohol vehicle group and 1 female from the mid-dose 
naloxone in 20% alcohol vehicle group occurred in the toxicokinetic group and were 
considered to be incidental and not related to the 20% alcohol vehicle according to the 
Pathology Report.  This Reviewer concurs with the conclusions of the Pathology Report.

Clinical Signs
Clinical signs were made during the acute, recovery, behavioral, clinical pathology, 
neurohistopathology, and tissue phases.  All pups were observed for general 
appearance once daily during the pre-dose period, once before the dose was 
administered, once daily during the post-dose period, and once on the day of scheduled 
sacrifice.  Post-dose observations were recorded between 1 and 2 hours post-dose.

Acute Phase (PND 7-10)
Clinical signs in pups dosed with naloxone in the 20% alcohol formulation were limited 
to skin scab that occurred in the male 2.4 mg/day dose group with no clinical signs in 
the females.

In pups dosed with naloxone in the % alcohol formulation, clinical signs included 
decreased activity, suspected dehydration, pale skin, and abnormal breathing sounds 
that were observed sporadically in both sexes.

Recovery Phase (PND 7-35)
There were no clinical signs observed in pups dosed with naloxone in the 20% alcohol 
formulation in both sexes.

In pups dosed with naloxone in the % alcohol formulation, clinical signs included 
suspected dehydration and thin cover fur in males and suspected dehydration, thin 
cover fur, and mass in females that were observed sporadically.

Behavior Phase (PND 7-63)
In pups dosed with naloxone in the 20% alcohol formulation, clinical signs included 
umbilical hernia, skin lesion, skin scab, red staining in fur, thin cover fur, malocclusion, 
and bent tail that were observed sporadically in males in all doses.  In females, clinical 
signs included skin scab and red staining fur that were observed in sporadically in all 
dose groups.

In pups dosed with naloxone in the % alcohol formulation, clinical signs included 
decreased activity, lack of pinch reflex, cold to touch, skin scab, red staining fur, thin 
cover fur, enlarged eyeball, protruding eyeball, undescended testis, and suspected 
dehydration that were observed in males sporadically in all doses.  In females, clinical 
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signs included suspected dehydration, thin, black staining fur, thin cover fur, liquid 
discharge from the muzzle, loss of fur, and ungroomed fur that were observed in 
females sporadically in all doses.

Clinical Pathology Phase (PND 7-10)
In pups dosed with naloxone in the 20% alcohol formulation, clinical signs included cold 
to touch and skin lesion that were observed in males sporadically in all doses.  In 
females, the only clinical sign was skin scab in the vehicle control.

The only clinical sign in pups dosed with naloxone in the % alcohol formulation was 
black skin in the male vehicle control and in females, the only clinical sign was 
suspected dehydration in the vehicle control.

Neurohistopathology Phase (PND 7-10)
There were no treatment-related changes in clinical signs in males treated with 
naloxone in both the 20% and % alcohol formulations and in females treated with 
naloxone in the 20% alcohol formulation.

In pups dosed with naloxone in the % alcohol formulation, clinical signs included 
decreased activity, cold to touch, suspected dehydration, pale skin, abnormal breathing 
sounds, and decreased respiratory rate that was observed in the female 3.2 mg/day 
dose group only.  These clinical signs were considered adverse in the Pathology 
Report.  This Reviewer concurs with the conclusions of the Pathology Report.

Supplementary Tissue Collection Phase (PND 7-10)
Clinical signs were taken in the saline control, 20 and % alcohol vehicle controls, 2.4 
mg/day, and 3.2 mg/day dose groups.  There were no treatment-related changes in 
clinical signs in males dosed with naloxone in the 20% alcohol formulation.  In females, 
the only clinical sign was skin scab in the vehicle control (20% alcohol) group.

In pups dosed with naloxone in the % alcohol formulation, clinical signs included 
suspected dehydration and thin in males that was observed in all reported dose groups.  
In females, the only clinical sign was suspected dehydration observed in the female 
vehicle control group.

Body Weight
Body weights and body weight gains were recorded during the acute, recovery, and 
behavior phases.  Body weights were recorded on the day of or day after arrival, on the 
day of selection for study, once before the dose was administered, once weekly during 
the post-dose period, and once on the day of scheduled sacrifice.

Acute Phase (PND 7-10)
There were no treatment-related changes in body weights in pups treated with naloxone 
in the 20% alcohol formulation during the acute phase.  There was a statistically 
significant increase in body weight gain in the 3.2 mg/day female dose group by 26.17% 
compared to the vehicle control.  There were no further treatment-related changes in 
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the body weight gain with naloxone in the 20% alcohol formulation during the acute 
phase.

There were decreases in body weights in pups treated with 1.6, 2.4, and 3.2 mg/day 
naloxone in the % alcohol formulation by 5, 17, and 20% in males, respectively, and 
16, 25, and 12% in females, respectively, during the acute phase compared to the 
vehicle controls but these decreases were not statistically significant.  The decrease in 
body weight were dose-dependent in the males but not in the females.  There were no 
further treatment-related changes in body weight gain with naloxone in the % alcohol 
formulation during the acute phase.  

Recovery Phase (PND 7-35)
In pups dosed with naloxone in the 20% alcohol formulation, there was an increase in 
the body weights in males from the 3.2 mg/day dose group on PND 7 by 12.07% of the 
recovery phase compared to the vehicle control.  In females, there was a decrease in 
the body weight from the 3.2 mg/day dose group on PND 14 by 5.92% of the recovery 
phase compared to the vehicle control.  There were no further treatment-related 
changes in body weight with naloxone in the 20% alcohol formulation during the 
recovery phase.

In pups dosed with naloxone in the % alcohol formulation, there were increases in the 
body weights in males from the 3.2 mg/day dose group on PND 7, 14, 21, and 28 by 
21.01, 9.29, 15.62, and 12.18%, respectively, of the recovery phase compared to the 
vehicle control.  There were no further treatment-related changes in body weight with 
naloxone in the % alcohol formulation during the recovery phase.

There were decreases in the body weight gains in the 1.6, 2.4, and 3.2 mg/day 
naloxone in the 20% alcohol formulation by 18.33, 19.74, and 15.26% in males, 
respectively, and by 17.59, 15.88, and 17.19% in females, respectively, compared to 
the vehicle control during Days 7-14 of the recovery phase.  These decreases in body 
weight gain are not dose-dependent.

There were increases in the body weight gains in the male 3.2 mg/day naloxone in the 
% alcohol formulation by 25.4% compared to vehicle control during Days 14-21 of the 

recovery phase.  There were no further treatment-related changes in body weight gain 
during the recovery phase.

According to the Pathology Report, the changes in body weight and body weight gains 
during the recovery phase were attributed to the initial distribution of pups on study 
and/or normal variation in body weight through this growth phase.  This Reviewer 
concurs with the conclusion of the Pathology Report.

Behavior Phase (PND 7-63)
There were no treatment-related changes in body weight with naloxone in the 20% 
alcohol formulation during the behavior phase.
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In pups dosed with naloxone in the % alcohol formulation, there were increases in 
body weight by 12.18 and 7.48% in the female 3.2 mg/day dose group during PND 14 
and 28, respectively, of the behavior phase compared to the vehicle control.  There 
were no further treatment-related changes in body weight during the behavior phase.

There were increases in body weight gains in 2.4 and 3.2 mg/day naloxone in the 20% 
alcohol formulation by 17.63 and 24.28% in males, respectively, compared to vehicle 
control during Days 14-21 of the behavior phase.  There were no further treatment-
related changes in body weight gain during the behavior phase.

There were increase in body weight gains in 3.2 mg/day naloxone in the % alcohol 
formulation by 21.31% in females compared to vehicle control during Days 7-14 of the 
behavior phase.  There were no further treatment-related changes in body weight gain 
during the behavior phase.

According to the Pathology Report, the changes in body weight and body weight gains 
during the behavior phase were attributed to the initial distribution of pups on study 
and/or normal variation in body weight through this growth phase.  This Reviewer 
concurs with the conclusion of the Pathology Report.

Clinical Pathology Phase (PND 7-10)
There were no treatment-related changes in body weight in pups dosed with naloxone 
in the 20% alcohol formulation during the clinical pathology phase.  

In pups dosed with naloxone in the % alcohol formulation, there was an increase in 
body weight in the female 3.2 mg/day dose group by 10.84% compared to vehicle 
control on PND 7 during the clinical pathology phase.  There were no treatment-related 
changes in body weight in pups dosed with naloxone in the % alcohol formulation 
during the clinical pathology phase.

No body weight gains were taken during the clinical pathology phase.

Neurohistopathology Phase (PND 7-10)
There were no treatment-related changes in body weight in pups dosed with naloxone 
in the 20% alcohol formulation during the neurohistopathology phase.

In pups dosed with naloxone in the % alcohol formulation, there were increases in 
body weight in the male 1.6 and 3.2 mg/day dose groups by 10.97 and 11.71%, 
respectively, and in the female 1.6 and 3.2 mg/day dose groups by 20.19 and 25.31%, 
respectively, compared to the vehicle control on PND 8 during the neurohistopathology 
phase.

No body weight gains were taken during the neurohisopathology phase.

Supplemental Tissue Collection Phase (PND 7-10)
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Body weight from the 1.6 mg/day dose group in both sexes in both vehicle formulations 
were not taken during the supplemental tissue collection phase.

In pups dosed with naloxone in the 20% alcohol formulation, there were decreases in 
body weight in males from the 3.2 mg/day dose group by 10.22% on PND 7 as well as 
from the 2.4 and 3.2 mg/day dose groups by 15.07 and 13.8%, respectively, on PND 10 
compared to vehicle control during the supplemental tissue collection phase.  There 
were decreases in body weight in females from the 2.4 and 3.2 mg/day dose group by 
15.16 and 11.54%, respectively, on PND 7 as well as from the 2.4 and 3.2 mg/day dose 
groups by 22.46 and 16.26%, respectively, on PND 10 compared to vehicle control 
during the supplemental tissue collection phase.

There were no treatment-related changes in body weight in pups dosed with naloxone 
in the % alcohol formulation during the supplemental tissue collection phase.

No body weight gains were taken during the supplemental tissue collection phase.

Food Consumption
Food consumption was measured during the recovery and behavioral phases.  Food 
consumption was recorded once weekly beginning on PND 21.  A food left value was 
recorded on the day of scheduled sacrifice.  Food consumption was quantitatively 
measured per cage, where appropriate.  There were no treatment-related changes in 
food consumption during the recovery and behavior phases.

Recovery Phase
There were no treatment-related changes in food consumption during the recovery 
phase (PND 21 to PND 35).

Behavior Phase
There were no treatment-related changes in food consumption during the behavior 
phase (PND 21 to PND 63).

Ophthalmoscopy
Ophthalmological examinations were performed at the end of the recovery phase by a 
board-certified veterinary ophthalmologist.  There were no treatment-related changes in 
ophthalmoscopy at the end of the recovery phase.

ECG
ECG was not performed in this study.

Hematology
Blood samples for hematology and clinical chemistry were collected as illustrated in the 
following table (from the Applicant’s submission):
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The following table illustrates the hematology parameters that were measured (from the 
Applicant’s submission):

Coagulation was not analyzed in this study.  Due to the inability to collect sufficient 
volumes of blood from the small PND 8 and 10 pups, hematology and clinical chemistry 
assessments were limited to a few pups per group.  There were no treatment-related 
changes in male pups given the 20% alcohol vehicle with and without naloxone at PND 
8 and 10; however, there were insufficient female pups given the 20% alcohol vehicle 
with and without naloxone to determine any trends at both PND 8 and 10.  For pups 
given % alcohol vehicle with and without naloxone, there was sufficient data for the 
PND 10 pups but not for any of the PND 8 pups to determine any trends.  The following 
table illustrates the changes in hematology in the PND 10 female pups given the 20% 
vehicle with and without naloxone (data from the Applicant’s submission):

Observation PND Saline 
Control

Vehicle 
Control

1.6 
mg/day

2.4 
mg/day

3.2 
mg/day

Females
HCT (%) 10 38.9 37.0 36.9 37.3 32.1a

-17.5%
Platelet (thous/uL) 10 1103 1022 1146 1269 1552a

+40.7%
Neutrophil (%) 10 30.0 33.7 26.0

-13%
23.1b

-23.0%
26.8a

-10.7%
RDW (%) 10 20.3 20.2 16.6a

-18.2%
21.3 23.5a

+15.8%
Vehicle used is 20% alcohol + propylene glycol
a = significant difference from vehicle control at p < 0.05 (Dunnett’s test)
b = significant difference from vehicle control at p < 0.01 (Dunnett’s test)
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As shown in the table above, there were changes in the HCT, platelet count, neutrophil 
count, and RDW on PND 10 compared to the vehicle control.  According to the 
Pathology Report, there were no apparent trends or notable differences in the 
hematology parameters amongst the control-, vehicle-, and naloxone-treated groups in 
the limited male and female pups evaluated.  This Reviewer concurs with the 
conclusions of the Pathology Report since due to the limitations of obtaining sufficient 
amounts of blood in the groups, interpretation of any changes in hematology is 
confounded.

Clinical Chemistry
The following table illustrates the clinical chemistry parameters that were measured 
(from the Applicant’s submission):

It is noted that unlike the results for the hematology parameters, the results of the 
clinical chemistry parameters were obtained for all groups at all timepoints (PND 8 and 
PND 10).  The following table illustrates the changes in clinical chemistry (data from the 
Applicant’s submission):

Observation PND Saline 
Control

Vehicle 
Control

1.6 
mg/day

2.4 
mg/day

3.2 
mg/day

Males
Naloxone in Vehicle 1 (20% Alcohol +  Propylene Glycol)

8 111 148b

+33.3%
117u

-20.3%
131 116u

-21.6%
Cholesterol

10 129 123 117 108c

-12.2%
98d

-20.3%
8 4.46 4.89 5.69c

+18.2%
4.55 5.66c

+15.7%
Potassium

10 6.11 5.50 5.59 6.19 6.64c

+20.7%
AG Ratio 8 2.08 1.88 1.88 2.13 2.15c

+14.4%
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Chloride 8 92 94 95 94 98c

+4.26%
Naloxone in Vehicle 2 ( % Alcohol +  Propylene Glycol)

8 1.9 2.1a

+10.5%
2.0 1.8f

-14.3%
1.9e

-9.52%
Albumin

10 2.1 1.9 1.5e

-21.1%
1.8 1.6e

-15.8%
AG Ratio 8 2.08 2.34 2.28 2.25 1.85e

-20.9%
Calcium 8 10.2 10.3 8.5f

-17.5%
9.2 8.4f

-18.4%
CK 8 201 516 306 160e

-69.0%
227e

-56.0%
ALT 10 14 12 10 8 6f

-50.0%
Cholesterol 10 129 131 102e

-22.1%
108 91f

-30.5%
Sodium 10 130 130 122e

-6.15%
129 121e

-6.92%
Females

Naloxone in Vehicle 1 (20% Alcohol + Propylene Glycol)
Cholesterol 8 114 148b

+29.8%
121d

-18.2%
130d

-12.2%
120d

-18.9%
Sodium 8 132 132 134 136c

+3.03%
137d

+3.79%
Naloxone in Vehicle 2 ( % Alcohol +  Propylene Glycol)

Globulin 10 0.9 0.9 1.0e

+11.1%
1.0e

+11.1%
1.1f

+22.2%
Urea Nitrogen 10 14.2 13.7 13.0 17.8f

+29.9%
17.8f

+29.9%
a = Significantly different from saline control at p < 0.05 using Dunnett’s test
b = Significantly different from saline control at p < 0.01 using Dunnett’s test
c = Significantly different from vehicle 1 control at p < 0.05 using Dunnett’s test
d = Significantly different from vehicle 1 control at p < 0.01 using Dunnett’s test
e = Significantly different from vehicle 2 control at p < 0.05 using Dunnett’s test
f = Significantly different from vehicle 2 control at p < 0.01 using Dunnett’s test
u = Significantly different from vehicle 2 control at p < 0.05 using Dunn’s test

As shown in the table above, the changes in cholesterol in males dosed with naloxone 
in the 20% alcohol formulation were not dose-dependent in PND 8 but were on PND 10.  
The changes in potassium in males dosed with naloxone in the 20% alcohol formulation 
were not dose-dependent on PND 8 but were on PND 10.  The increases in AG ratio 
and chloride in males dosed with naloxone in the 20% alcohol formulation were 
considered dose-dependent.  In females dosed with naloxone in the 20% alcohol 
formulation, the decrease in cholesterol on PND 8 was not dose-dependent while the 
increase in sodium on PND 8 was dose-dependent.  There were no further treatment-
related changes with naloxone in the 20% alcohol formulation.
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In males dosed with naloxone in the % alcohol formulation, changes in albumin on 
PND 8 and 10 and in CK on PND 8 were not dose-dependent.  Changes in the AG ratio 
on PND 8 and PND 10, calcium on PND 8, as well as ALT, cholesterol, and sodium on 
PND 10 were dose-dependent.  In females dosed with naloxone in the % alcohol 
formulation, the changes in globulin on PND 10 were dose-dependent and the changes 
in urea nitrogen on PND 10 were not different between the 2.4 and 3.2 mg/day dose 
groups.

According to the Pathology Report, there were no apparent trends or notable 
differences in the clinical pathology parameters amongst the control-, vehicle-, and 
naloxone-treated groups in the limited male and female pups evaluated.  This Reviewer 
concurs with the conclusions of the Pathology Report.

Urinalysis
Urinalysis was not performed.

Gross Pathology
Necropsy examinations were not performed at terminal sacrifice of the acute phase, 
recovery phase, or the supplementary tissue collection phase.  Necropsy examinations 
were performed at terminal sacrifice of the behavioral phase and the 
neurohistopathological phase.  The following table illustrates the day of schedule 
necropsy for the various phases of this juvenile animal study (from the Applicant’s 
submission):
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Following sacrifice, a gross necropsy of the thoracic, abdominal, and pelvic viscera was 
performed.  The following tissues were then collected, processed, and examined 
microscopically at the different phases of the study (from the Applicant’s submission):
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It is noted that 7 brain slices as well as the olfactory bulb were examined in this study.  
In addition, pup brains were stained using the Amino Cupric Silver method to reveal 
degeneration counterstained with Neural Red to reveal cell bodies and Caspase-9 
immunochemistry was performed to reveal localization of activated Capase-9.  Results 
of this staining is described and reviewed in the “Neurohistopathology” section below.

For the pups used in the behavioral phase, a more robust set of tissues were used in 
gross pathology including artery (aorta), nasal cavity, brain, bronchus, carina, 
epididymis, esophagus, eye, heart, kidney, larynx, liver, lung, tracheobronchial lymph 
node, nasopharynx, optic nerve, pharynx, testis, trachea, and whole animal as well as 
animal identification and general observations.  The following macroscopic (gross 
pathology) changes were noted (data from the Applicant’s submission):

Group Sex Finding Incidence
1.6 mg/day in Vehicle 1 Male Moderate dilatation of right kidney 1/20
2.4 mg/day in Vehicle 1 Male Small epididymis and testes 1/20
1.6 mg/day in Vehicle 2 Male Small left testis 1/18
3.2 mg/day in Vehicle 2 Male Small epididymis 1/19

Vehicle 1 is 20% alcohol and  propylene glycol
Vehicle 2 is % alcohol and  propylene glycol

As shown in the table above, the gross findings in the naloxone 20% alcohol formulation 
(kidney, epididymis, and testes) and in the naloxone % alcohol formulation (left testis) 
were not dose-dependent and were sporadic while the gross finding of small epididymis 
in the 3.2 mg/day naloxone % alcohol formulation appeared dose-dependent.  
According to the Pathology Report, these gross findings were considered incidental and 
of the nature commonly observed in this strain and age of rats and as such, were 
considered unrelated to administration of naloxone (in either the 20% alcohol 
formulation or % alcohol formulation).  This Reviewer concurs with the conclusions of 
the Pathology Report.
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For the pups used in the neurohistopathology phase, a limited set of tissues were used 
in gross pathology including artery (aorta), heart, kidney, liver, and whole animal.  There 
were no treatment-related macroscopic (gross pathology) changes at the end of the 
neurohistopathology phase.

Organ Weights
Organs weights were not taken and recorded from any of the phases in this study.

Histopathology
Adequate Battery
This is not a typical general toxicology study.  The battery of tissues and organs used 
for microscopic examination are adequate for the purposes of this juvenile animal study.

Peer Review
Yes

Histological Findings
The following table illustrates the microscopic findings at the end of the acute 
(treatment) phase on PND 10 (from the Applicant’s submission):

Reference ID: 4561925Reference ID: 4791670



NDA 212045 Reviewer:  Carlic K. Huynh, PhD

102

The Pathology Report describes the microscopic findings in the nasal cavity and 
nasopharynx.  The exudates in the nasal cavity and nasopharynx were composed of 
brightly eosinophilic fluid (high protein content fluid) with variable numbers of neutrophils 
in the fluid.  The fluid usually abutted the olfactory epithelium with some associated 
atrophy of olfactory epithelium.  The nasopharynx is normally lined by a single layer of 
respiratory epithelium.  In some rat pups, there was flattening of the epithelium to a 
simple squamous layer (squamous metaplasia) and in others, there was metaplasia to 
multiple cell layer thick squamous epithelium.  Ulceration in the nasopharynx was only 
present in the high-dose pups (1/10 each in a male and female) and is considered a 
significant finding.  The findings in the nasal cavity and nasopharynx was primarily 
observed in the 3.2 mg/day naloxone in % alcohol vehicle formulation.  The findings 
in the nasal cavity and nasopharynx appears to be related to the % alcohol vehicle 
formulation rather than naloxone but was related to naloxone in the 20% alcohol vehicle 
because these findings were not observed in the 20% alcohol vehicle control.  The 
findings in the nasopharynx (exudate and squamous metaplasia) appears to be related 
to the % alcohol vehicle formulation rather than naloxone; however, ulceration is 
considered a significant finding.  

The following table illustrates other microscopic changes at the end of the treatment 
phase on PND 10 (data from the Applicant’s submission):
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Observation Saline 
Control

Vehicle 1 
Control

3.2 
mg/day

Vehicle 2 
Control 

3.2 
mg/day 

Treatment Period
Males
Liver
--Extramedullary hematopoiesis
    Minimal
    Mild

10/20
0/20

10/20
0/20

10/20
0/20

10/19
0/19

9/18
0/18

Females
Liver
--Extramedullary hematopoiesis
    Minimal
    Mild

10/20
0/20

10/20
0/20

10/20
0/20

10/17
0/17

7/17
1/20

Vehicle 1 is 20% alcohol and propylene glycol
Vehicle 2 is % alcohol and propylene glycol

As shown in the table above, minimal extramedullary hematopoiesis in the liver was 
observed in both males and females at similar incidence; however, there was increased 
severity to mild in 1/20 high-dose females.  This finding was reduced considerably in the 
recovery groups with no presence in the high-dose groups (see table below).  According 
to the Pathology Report, other microscopic findings outside the nasal cavity and 
nasopharynx were considered incidental, of the nature commonly observed in this strain 
and age of rat, and/or were similar incidence and severity in the saline and vehicle 
controls compared to the naloxone-treated groups and as such, were considered 
unrelated to the administration of naloxone (in either the 20% or % alcohol vehicle 
formulation).  

The following table illustrates the microscopic changes at the end of the recovery phase 
on PND 35 (from the Applicant’s submission):

As shown in the table above, the findings in the body cavity and nasopharynx were 
considered completely resolved according to the Pathology Report.
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The following table illustrates other microscopic changes at the end of the recovery 
phase on PND 35 (data from the Applicant’s submission):

Observation Saline 
Control

Vehicle 1 
Control

3.2 
mg/day

Vehicle 2 
Control

3.2 
mg/day 

Recovery Period
Males
Kidney
--Dilatation
    Minimal
    Mild
    Moderate
--Tubular basophilia
    Minimal
    Marked

0/5
0/5
0/5

0/5
0/5

2/5
0/5
0/5

1/5
0/5

0//5
0/5
0/5

0/5
0/5

0/5
0/5
0/5

2/5
0/5

0/5
1/5
1/5

1/5
0/5

Liver
--Extramedullary hematopoiesis
    Minimal 2/5 1/5 1/5 1/5 0/5
Females
Kidney
--Dilatation
    Minimal
    Mild
    Moderate
--Tubular basophilia
    Minimal
    Marked

0/5
0/5
0/5

1/5
0/5

2/5
0/5
0/5

1/5
0/5

0//5
0/5
0/5

1/5
0/5

0/4
0/4
0/4

0/4
0/4

0/5
0/5
0/5

1/5
1/5

Liver
--Extramedullary hematopoiesis
    Minimal 1/5 0/5 2/5 0/4 0/5
Vehicle 1 is 20% alcohol and propylene glycol
Vehicle 2 is % alcohol and propylene glycol

As shown in the table above, there was increased incidence and severity in dilatation in 
the kidney (mild to moderate in 1/5 male pups) in males dosed 3.2 mg/day of naloxone 
using the % alcohol vehicle formulation.  There was an increased incidence and 
severity in tubular basophila in the kidney (marked severity in 1/5 female pups) in 
females dosed 3.2 mg/day of naloxone were the % alcohol vehicle formulation.  
According to the Pathology Report, microscopic findings outside of the nasal cavity and 
nasopharynx were considered incidental, of the nature commonly observed in this strain 
and age of rat, and/or were of similar incidence and severity in control and vehicle 
controls compared to the naloxone-treated groups and as such, were considered 
unrelated to administration of naloxone (in either the 20% or % vehicle formulation).  

The tissues from the saline control, 20% alcohol vehicle, % alcohol vehicle, as well as 
the 3.2 mg/day dose group containing either concentration of alcohol were examined 
microscopically and as such, a NOAEL cannot be determined from this juvenile rat 
study.
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The following toxicokinetic parameters were measured (from the Applicant’s 
submission):
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The following table illustrates the TK parameter results after treatment with intranasal 
naloxone in the male and female pups combined (from the Applicant’s submission):  
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were statistically significant decreases in body weight in the male 25.6 mg/day dose 
group on Day 22 by 6.78% and in the female 25.6 mg/day dose group on Days 15 and 
22 by 5.85 and 5.68%, respectively, compared to the vehicle controls.  These changes 
were not considered toxicologically relevant.  There were statistically significant 
decreases in body weight gains during the second week (Days 8-15) of treatment in the 
male 25.6 mg/day dose group by 23.4% as well as during the second week of treatment 
(Days 8-15) and the entire treatment period (Days 1-28) in the female 25.6 mg/day dose 
group by 55.3 and 24.7%, respectively, compared to the vehicle controls.  These 
changes were not considered toxicologically relevant.  There were statistically 
significant decreases in food consumption in the male 25.6 mg/day dose group on Days 
8-15 by 9.08% as well as in the female 25.6 mg/day dose group on Days 1-8, 8-15, and 
15-22 by 18.45, 23.57, and 24.72%, respectively, compared to vehicle control.  These 
changes were not considered toxicologically relevant.  There were statistically 
significant increases in the RDW and reticulocyte count in the male 25.6 mg/day dose 
group by 3.3 and 25.96% and in sodium in the female 25.6 mg/day dose group by 
0.77%.  These changes were not toxicologically meaningful as they were within 
historical control levels and were not present in recovery.  There are 3/9 females from 
the 25.6 mg/day dose group with dark discoloration of the thymus macroscopically that 
was correlated with congestion (severity of 2) microscopically.  These considered 
treatment-related because the incidence and severity was significantly greater than the 
vehicle control.  In males, there were increases in the absolute prostate gland weight 
(by 28.1 and 25.5%) and prostate gland to brain weight ratio (by 28.1 and 28.8%) in the 
6.4 and 25.6 mg/day dose group as well as in the prostate gland-to-body weight ratio in 
the 25.6 mg/day dose group by 32.7%.  These changes were not toxicological 
significance because there were no macroscopic or microscopic correlate.  In females, 
there were increases in the brain-to-body weight ratio by 9.6% as well as decreases in 
the heart-to-brain weight ratio by 10.1% in the 25.6 mg/day dose group with decreases 
of 13.1 and 14.1% in the absolute heart weight in the recovery 1.6 and 25.6 mg/day 
dose group, respectively.  These changes were not toxicological significance because 
there were no macroscopic or microscopic correlate.  However, the decreases in the 
thymus absolute weight and the thymus-to-brain weight ratio by 29.9 and 32.1%, 
respectively, in the 25.6 mg/day dose group was correlated with macroscopic and 
microscopic changes in the thymus.  Additional microscopic findings include neutrophilic 
histiocytic, and mononuclear cell infiltration in the nasal cavity, larynx, and trachea were 
present sporadically that was of low incidence and minor nature and as such, were not 
toxicologically significant.  These findings decreased in the recovery groups.  Based on 
these findings, the NOAEL is  mg/day, which confers a Cmax of  ng/mL and AUC0-

24h of ng/mL on Day 1.  At the NOAEL, the human equivalent dose (HED) is  
mg/day based on a body surface area comparison, which confers an exposure margin 
of  for systemic toxicity and  for local toxicity when considering the maximum daily 
dose of 16 mg/day via this proposed product.

In the 28-day dog study (Study 20142826), Beagle dogs were administered 0, 22.4, 64, 
or 160 mg/day naloxone intranasally split into 2 administrations, one per nostril, for 28 
days with a 14-day recovery period.  The concentration of the naloxone formulation 
tested is 80 mg/mL, which is identical to the proposed product.  There were no early 

Reference ID: 4561925Reference ID: 4791670

(b) 
(4)

(b) 
(4)

(b) (4) (b) (4)

(b) (4) (b) (4)



NDA 212045 Reviewer:  Carlic K. Huynh, PhD

115

deaths and there were no treatment-related changes in body weights, body weight 
gains, food consumption, ophthalmoscopy, ECG, urinalysis, and organ weight 
parameters (absolute organ weight, organ-to-body weight ratio and organ-to-brain 
weight ratio).  There were no changes in the olfactory functional assessment (smell test 
using water-soaked vs. ammonia-soaked cotton swabs).  A number of clinical signs 
were observed in all groups including salivation, gastrointestinal distress (red and green 
fecal color, soften, liquid, and mucoid material described as black, brown, clear, green, 
red, white, or yellow), and material associated with emesis (foamy material described as 
white or yellow), as well as skin conditions (reddened skin, scab, or lesion), fur condition 
(wet or thin), and eye discharge.  These changes were not observed in recovery.  There 
were decreases in MCHC in the male and female 160 mg/day dose groups by 31.98 
and 32.06%, respectively, that were below the normal range and as such, is considered 
treatment-related.  These changes were not observed in the recovery groups.  There 
were decreases in albumin in the male 160 mg/day dose group by 9.2% and in 
triglycerides in the female 22.4 and 160 mg/day dose groups by 37.83 and 32.0%, 
respectively.  The decrease in triglycerides were considered not toxicologically 
meaningful.  However, the decrease in albumin was slightly above normal range and as 
such, was considered treatment-related.  These changes were not observed in the 
recovery groups.  Macroscopically, dark focus in the bronchus was observed in 1/3 
females from the 160 mg/day dose group.  These were correlated with microscopic 
changes in the bronchus (minimal acute hemorrhage) and as such, was considered 
treatment-related.  These changes were not observed in the recovery groups.  
Additional microscopic changes include increase severity (minimal to mild) of 
degeneration/regeneration of the respiratory epithelium in the nasal cavity in 1/3 and 2/3 
males and 1/3 females from the 64 and 160 mg/day dose groups, respectively.  These 
changes were diminished in recovery and are considered treatment-related due to their 
dose-dependency.  Moreover, there was 1/3 dogs observed with mild vacuolation in the 
zona fasciculata in the adrenal gland in both sexes, minimal acute hemorrhage in the 
bronchus in females, minimal cortical basophilia in the kidney in males, minimal type 2 
pneumocyte hyperplasia in and mild neutrophilic alveolar inflammation in the lumen of 
lung in females, and minimal decreased cellularity of lymphoid tissues in the thymus in 
females in the 160 mg/day dose groups.  These changes were dose-dependent and 
were observed with high incidence and were diminished or not observed in the recovery 
groups.  These findings are considered treatment-related.  Based on these findings, the 
NOAEL is considered  mg/day, which confers a Cmax of ng/mL and AUC0-24h of 

ng/mL on Day 1.  The NOAEL confers a human equivalent dose (HED) of  
mg/day based on a body surface area comparison and confers an exposure margin of 

 for systemic toxicity and  for local toxicity when considering the maximum daily 
dose of 16 mg/day via this proposed product.

In terms of local and systemic toxicity, there is adequate support via the 28-day toxicity 
studies in rats and dogs for the maximum daily dosing of 16 mg/day of intranasal 
naloxone via the proposed product in the adult population.

The Applicant conducted a juvenile rat study (Study 20166993) to evaluate the effects 
of alcohol and propylene glycol in the formulation as well as several 
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neurodevelopmental endpoints (i.e., sexual maturity, social contact and play behaviors, 
and learning and memory).  Rat pups were administered 0, 1.6, 2.4, or 3.2 mg/day 
naloxone, the dosing split between 2 administrations (1 in each nostril) using the 20% 
alcohol or % alcohol formulation.  There were early deaths in pups that were given 

% alcohol (control and all naloxone groups) compared to 1 death each in the 1.6 and 
2.4 mg/day naloxone in the 20% alcohol formulation that were not deemed test article 
related.  There were no treatment-related changes in sexual maturation (vaginal 
patency in females and preputial separation in males), social contact and play 
behaviors, and learning and memory via the Morris water maze.  Additional 
neurohistopathology was conducted using Amino Cupric Silver method and caspase-9 
immunohistochemistry to examine degeneration/apoptosis and there were no treatment-
related changes in these staining methods.  Based on these data, a 
neurodevelopmental NOAEL is considered mg/day naloxone, which was associated 
with  mg/day of alcohol and propylene glycol, respectively.  Local and 
systemic NOAELs cannot be determined as the tissues from the 1.6 and 2.4 mg/day 
naloxone dose groups in either the 20% or % alcohol formulation were not examined 
microscopically.

From a nonclinical Pharmacology Toxicology perspective, a Complete Response is 
recommended as there is one nonclinical deficiency identified and several CMC 
deficiencies, including an inspection issue, that preclude approval.  To address the 
nonclinical deficiencies, an updated extractable leachable assessment will have to be 
submitted.

12 Appendix/Attachments
Derelanko MJ.  In The Toxicologist’s Pocket Handbook, Second Edition.  Informal 
Healthcare: New York.  2008.
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