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Disclaimer 
Except as specifically identified, all data and information discussed below and 
necessary for approval of 215487 are owned by Summit Biosciences LLC or are data 
for which Summit Biosciences LLC has obtained a written right of reference. Any 
information or data necessary for approval of 215487 that Summit Biosciences LLC 
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 
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application is for descriptive purposes only and is not relied upon for approval of 
215487. 
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1 Executive Summary 

1.1 Introduction 

Summit Biosciences LLC is developing_N_aloxone Nasal Spray for intranasal 
111 4administration (10 mg in 110 mcl or )( mg/ml naloxone HCI concentration) to 

deliver 10 mg of naloxone HCI with a maximum daily dose of 20 mg of naloxone HCI. 
The proposed indication is "for the emergency treatment of known or suspected opioid 
overdose, as manifested by respiratory and/or central nervous system depression" and 
"intended for immediate administration as emergency therapy in settings where opioids 
may be present." It is noted that "the product is not a substitute for emergency medical 
care." The Applicant is submitting an application via the 505(b)(2) pathway, proposing to 
rely upon the Agency's previous findings of safety and efficacy of Narcan® injectable 
product (NOA 16636). 

1.2 Brief Discussion of Nonclinical Findings 

To support this NOA application, the Applicant submitted intranasal repeat-dose toxicity 
studies in two species, qualification studies to support a drug product degradant 
specification as well as assessments for extractables/leachables from the container 
closure system, elemental impurities, and ,,___ <b>:J . There are no novel excipients 
in the formulation and the levels of the exc1p1ents at tne maximum daily dose are in the 
FDA Inactive Ingredient Database at comparable levels in acute use FDA-approved 
nasal formulations. The drug substance specifications are within ICH Q3A(R2) and are 
acceptable. The drug reduct s ecifications meet ICH Q3B(R2) qualification threshold 
with the exception of (bl1l , whose specification is NMT L %. In 
support of this specif1ca I0n, the Applicant submitted a negative QSAR evaluation for 
mutagenic potential as well as a 28-day rat toxicology study (Study 20246992) that 
includes t[._high dose naloxone roup (36.4 mg/day) alone and with degradants 
(including 11>H• . Based on the 28-day rat toxicology study, the drug 
product specff1catIon tori____________ 11>n• of NMT rlT1% is qualified for systemic 
safety but is not qualified from a local safety perspective. 

To support the safety of the container closure system, r (blT~unit dose nasal sprayer, 
extractable leachable and elemental impurities assessments were submitted. All 
leachable compounds detected were below the (bl1l threshold and as such, do 
not rei:,resent a safety concern. The lei E;ls of the 11>n

4 are below the limit of I . <)( The elementals detected in the elemental 
1mpunt1es assessment meet IGA 030 PDE limits or were below the qualification 
threshold of >TT4 

In support of the marketing application, the Applicant submitted a 14-day dog (Study 
2950-002) and a 28-day rat toxicology (Study 20246992) study. In both species, 
irritation and microscopic findings in the nasal cavity and in surrounding tissues were 
observed (minimal to mild in severity) and were dependent on the number of 
administrations but were not considered dose limiting. After the recovery period, these 
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findings in the nasal cavity and its surrounding tissues were absent or lower in incidence 
and severity in the recovery animals demonstrating recovery or a trend to recovery. The 
local NOAEL is the mid dose (8 sprays per naris) in dogs and an acceptable local 
LOAEL is the high dose (an instillation twice daily per nostri l) in rats that resulted in a 
concentration margin of at least 1 x to support the local safety of the high naloxone 
concentration . The systemic NOAEL was the HD evaluated as evidenced by the lack of 
test article related findings, which resulted in safety margins of 83x (1667 mg/20 mg 
MOD = 83) and 54x (1084 mg/20 mg MOD = 54) in dogs and rats, respectively, based 
on a body surface area comparison and using an average human weighing 60 kg. 

Taken together, the Appl icant submitted two intranasal repeat-dose toxicity studies in 
rats and dogs that qualified the safety of the higher naloxone concentration and higher 
maximum daily dose in comparison to the reference product. The drug product did not 
contain any novel excipients and there are no safety concerns with the container 
closure system. Drug substance and drug product impurities, elemental impurities, and 
i----;;:1 1evels were within res(:)ective thresholds with the exception of one drug
procfuctc egradant, (blll ICH Q3B(R2) qualification 
thresholds. To qualify the safety of the proposed specification of this degradant at ltiH" %, 
the Appl icant submitted a negative computational toxicology evaluation that assessea 
the mutagenic potential of the compound and submitted a 28-day intranasal repeat­
dose toxicity rat study that evaluated a naloxone formulation that contained different 
degradants that included 111

n" % of <bn" . Although this study qualified 
the systemic safety of the degradant, th is study tested a lower concentration than the 
proposed specification of[:lll %, resulting in a safety margin of <bn• for local safety. The 
Appl icant purported that a nigher concentration could not be testec due to several 
factors, including the degradant could not be synthesized or isolated and the degradant 
readily degrades. However, it is noted that data and documentation were not provided 
to support whether the Applicant did their due diligence to synthesize and isolate the 
drug product degradant. The Appl icant also argued that the rat study provided support 
for the local safety of the proposed specification when normalizing the dose with 
intranasal surface area (i.e., mg/cm2) of the species, to result in ah 114]safety margin. 
However, when reviewing the safety of an impurity specification, t e supporting 
nonclinical qualification study should support safety by establ ishing adequate safety 
margins using 3 approaches: human equivalent dose (HED) using body surface area, 
dose normalization to nasal surface area (mg/cm2), and a comparison of the tested 
concentration in the toxicity study versus the actual concentration in the drug product. In 
this case, the safety margin calculated by the concentration approach is below 1 x and 
therefore is not supportive of the proposed specification of rw% fori--(blll .. 

However, the lack of nonclinical support for the local safety'ofl <bn
4 

need not preclude marketing approval in the opinion of this Reviewer for tne 
fo lowing reasons: 1) the submitted nonclinical data are from a study that evaluated 
exaggerated dosing conditions (repeated dosing for 28 consecutive days compared to 
the clinical use scenario of a single dose) and did not identify a safety signal at the local 
tissues; 2) adequate safety margins were established for the degradant based on HED 
conversion using BSA and based on dose normalization using nasal surface area; 3) 
this product is indicated for an acute, single-use indication; and 4) the drug product is a 
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potentially life-saving therapy. Therefore, should this NOA be approved, it is 
recommended that a postmarketing requirement be issued to the Applicant to conduct a 
nonclinical study that tests an adequate de radant concentration to support the local 
safe of the i:,roposed specification. 1tiH 

4 

1.3 Recommendations 

1.3.1 Approvability 

From a nonclinical pharmacology toxicology perspective, NOA 215487 for Naloxone HCI 
Nasal Spray may be approved with the following postmarketing requirement. 

1.3.2 Additional Nonclinical Recommendations 

The following nonclinical study is recommended as a postmarketing requirement (PMR) 
should this PMR be acceptable to the clinical reviewer team and the rest of the review 
team given the benefit risk of the proposed drug product. 

Conduct a GLP repeat-dose toxicology study of at least 14 days duration in a 
single species to adeguately characterize the toxicological potential of the 
naloxone degradant, ~ to local tissues. 

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. 

Pro osed Su ested Revisions Rationale/Comment 

8 USE IN SPECIFIC 8 USE IN SPECIFIC 
POPULATIONS POPULATIONS 
8.1 Pregnancy 8.1 Pregnancy 
Risk Summary Risk Summary 

(ti)(4 

aloxone 

(ti)(4 Changes were made by DPMH 
(maternal health) to maintain 

no embryonic 

consistency with the referenced 
naloxone drug product and also 
update margin with a human 
dose of 20 mg/day (two 
naloxone nasal sprays) based 

In anima reproduc'tilllon on a body surface area and a 60 
4studies, (bH kq human. Per DPMH <1>> ~ 

or teratogenic e ects were 
fiyclrocfilonae at doses observed in mice and rats 
e uivalent to 2-times and 4- I !b-mJ· administered 

5 

Reference ID 5273595 



NOA 215487 Reviewer: Carlie K. Huynh, PhD 

(6f(iltimes, respectively, a human naloxone hydrochloride during 
dose of 20 mg/day (2 sprays of organogenesis at doses 

equivalent to 2-times and 4-TRADENAME) J~, I times, respectively, a human 
dose of 20 mg/day (2 sprays of 
TRADENAME 

{see DATA. 
(bf<il 

see 
a a . 

Data Data 
Animal Data Animal Data 

Changes were made to beNaloxone hydrochloride was . Naloxone hydrochloride was . 
11 4administered n consistent with class labeling of 

products that rely on Narcan 
injection as the listed drug and 
to update margins with a human 

human dose of 20 m~ a 

administered ~ 

unng organogenesis to dose of 20 mg/day (two 
TRADENAME Nasal Sprays). mice and rats at dose 2-times naloxone nasal sprays) based 

11 and 4-times, respectively, aThese studies demonstrated : ~ on a body surface area and a 60 
human dose of 20 mg (two kg human. 
TRADENAME Nasal Sprays) 

nyarocfilonae. based on body surface area 
comparison. These studies 

11111"demonstrated no 

mbroytoxic 
or era ogenic e ects due to 
naloxone h drochloride. 

13 NONCLINICAL 13 NONCLINICAL 
TOXICOLOGY TOXICOLOGY 
13.1 Carcinogenesis, 13.1 Carcinogenesis, 
Mutagenesis, Impairment of Mutagenesis, Impairment of 
Fertili Fertili 
Carcinogenesis Carcinogenesis 
Long-term animal studies to Long-term animal studies to No changes are recommended. 
evaluate the carcinogenic evaluate the carcinogenic 
potential of naloxone have not potential of naloxone have not 
been com leted. been com leted. 
Mutagenesis Muta genesis 
Naloxone was weakly positive in Naloxone was weakly positive in No changes are recommended. 
the Ames mutagenicity and in the Ames mutagenicity and in 
the in vitro human lymphocyte the in vitro human lymphocyte 
chromosome aberration tests chromosome aberration tests 
but was negative in the in vitro but was negative in the in vitro 
Chinese hamster V79 cell Chinese hamster V79 cell 
HGPRT mutagenicity assay and HGPRT mutagenicity assay and 
in the in vivo rat bone marrow in the in vivo rat bone marrow 
chromosome aberration stud . chromosome aberration stud . 

6 

Reference ID 5273595 



NOA 215487 Reviewer: Carlie K. Huynh, PhD 

Im airment of Fertilit 

epro uc 10n s u 1es conducted 

Changes were made to be 
consistent with other class 
labeling that rely on Narcan 
injection as the listed drug and 
also update margin with a 
human dose of 20 mg/day (two 
naloxone nasal sprays) based 
on a body surface area and a 60 
kg human. 

in mice and rats at doses 2-
times and 4-times, respectively, 
a human dose of 20 mg/day 
(from two nasal sprays of 
BRANDNAME) based on body 
surface comparison, 
demonstrated no adverse 
effects on ferti lity of naloxone 
h drochloride. 

2 Drug Information 

2.1 Drug 

CAS Registry Number 
51481-60-8 

Generic Name 
Naloxone hydrochloride dihydrate 

Code Name 
N/A 

Chemical Name 
Morphinan-6-one ,4,5-epoxy-3, 14-d ihydroxy-17-(2-propenyl)-,hydrochloride, ( 5a)-, 
di hydrate 
17-Allyl-4,5-epoxy-3, 14-dihydroxymorphinan-6-one hydrochloride, dehydrate 
4,5a-Epoxy-3, 14-dihydroxy-17-(prop-2-enyl)morphinan-6-one hydrochloride, dihydrate 

Molecular Formula/Molecular Weight 
C19H21N04 • HCI 2H20 I 399.87 
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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 
HCI) 

DMP 
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, induding 
respiratory depression 

Adapt Pharma 
Operations, 

Ltd. 

IND# Drug Name Div Status Indication Company 

142850 Naloxone 
Hydrochloride DMP 

Active (December 
1, 2019) 

For the emergency treatment of known or 
suspected opioid overdose, as manifested by 

respiratory and/or central nervous system 
depression 

Summit 
Biosciences 

Inc. 

141634 Naloxone 
Hydrochloride DMP Presubmission 

(October 12, 2018) 
For the emergency treatment of known or 

suspected opioid overdose 

Summit 
Biosciences 

Inc. 

September 14, 
2010 (acitve) 

July 26, 1994 
(active) 

Sepetember 11, 
1995 (active) 

December 14, 
2015 

numerous 
approved products (NDAs 

andANDAs) 
numerous 

approved products (NDAs, 
BLAs and ANDAs) 

numerous 
approved products (NDAs, 

BLAs, and ANDAs) 
numerous 

approved products (NDAs, 
BLAs, and ANDAs) 

2.3 Drug Formulation 

The proposed dru1 12roduct concentration is 16 
><

4 
mg/ml of naloxone hydrochloride 

(HCI) dihydrate or <b><
4 mg/ml of naloxone HCI in a volume of (b)(

4 mcl. Each spray 
dose delivers a vo ume of 110 mcl and 10 mg of naloxone hydroc oloride. The 
following table illustrates the formulation of the proposed product (from the Applicant's 
submission): 
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Tablt 1 • Naloxont ffydt·ocbloride Formulation, 10 me/do~e . 
Composition 

Component Gt-ade- Function 
m&fmL ¾w/w m&fdose1 

Naloxone HC'l (b)(4 

I 
(ti)(il 

(b)T41 
USP API 

(bl( (b)(4 

Olyccrin USP 
- ----Sodium Citrate 

USPDihvcli:ate 

Hydrochloric Acid NF 
pH AR AR AR

Adiustment 

Sodium Hydroxide NF pH AR AR AR
Adiustmcnt 

Ptuifiect Watel' USP I QS QS QS
(b)T I 

II 

Total: !blT4r 

1, (b)(4f AR - Ar. Required to Tacget pH (b) (4 QS=quantum satts 

The maximum daily dose is 2 sprayers or 20 mg of naloxone hydrochloride, which 
confers a maximum daily volume of 0.22 ml/day = 220 mcl/day (110 mcl/spray x 2 
spray/day = 220 mcl/day = 0.22 ml/day). 

2.4 Comments on Novel Excipients 

All excipients listed in the above table are found in the FDA IIG for use in nasal 
formulations and the levels are comparable to other FDA-approved nasal formulations 
for acute use. As such, there are no safety concerns with the amounts of the excipients 
in the formulation. 

2.5 Comments on lmpurities/Degradants of Concern 

Drug Substance 
The drug substance specifications are from lbH 

4
> Type II drug master fi le 

(DMF <bH
41

} . The following table illustrates :fie arug suostance specification (data from 
the Applicant's submission): 

es Release Specification 

:50.15% 
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b)l4J 
(llJT..lt----------lII I= 

NMT = no more than 

The drug substance specifications for the impurities meet the ICH Q3A(R2) qualification 
threshold of no more than 0.15% or 1.0 mg per day intake (whichever is lower) for drug 
products with a maximum dail dose of :5 2 g/day. The impurity 7,8-didehydronaloxone 
(Impurity D) (bH

4 
> specification of NMT 75 

Its In ...-.-,.-.---.-.--.-, <b>< f 
which is below the 120 mcg/day threshold for genotoxic impurities in acute 

per ICH M7. The specifications for the residual solvents each meet ICH Q3C 
limits. Thus, the drug substance specifications are acceptable. 

Drug Product 
The following table illustrates the drug product specifications (from the Applicant's 
submission): 

Table 1: Dru&Product Specifications (continued) 

Test Spe(ificationl\l eU1od 

Degradation Products1 

Specified Identified Jmourities 
(b)l.il (b)(4 

AP-SN-014 

AP-SN-000 I AP-SN-014 

AP-SN-000 

Specified Unidentified hnourities 
(b)l.ilj 

AP-SN-014 

Unspecified Urudentified Impuribes 
-

AP-SN-000 / AP-SN-014Total Deirradation Products3 
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NOA 215487 Reviewer: Carlie K. Hu~~-~ _P-AEY_____
2 

~ 

_[~tfested further justification for the local safety of the proposed specification for b
1141 

1- The Appl icant replied that attempts were made to synthesize ana 
isolate t.,...he-..d-ru_g....product degradant but have not been successful and stated that direct 
evaluation at the proposed specification cannot be achieved by the inability to 

--------------

Generally, 
ttielocal safety of a compound fortne ihJra.Rasal route oradminisrration ,s assessed by 
comparing the concentration admL□ istered (i.e., concentration of the test article that the 
local tissues are exposed tQ.)-to-11,e proposed specification and in th is case, th is study 
does not adequate~y_.aetdress the local safety of the proposed specification of~ 

An infgJmati on request was sent to the Applicant stating the above on how the 
Agenc~..r-eviews data to qualify local safety of an intranasal administered compound and 
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synthesize the impurity or test an aged lot due to degradation. The Appl icant also 
provided calculations to justify local safety by comparing the mg dose administered to 
the nasal epithel ial surface area as shown in the Table below (Adapted from the 
Appl icant's submission): 

When reviewing the safety of an impurity specification, the supporting nonclinical 
qualification study should result in adequate safety margins using 3 approaches (Emami 
et al. , 2018): human equivalent dose (HED) using body surface area; dose 
normalization to nasal surface area (mg/cm2) ; and concentration comparison of the 
tested concentration in the toxicity study versus the actual concentration in the drug 
product. In th is case, acceptable margins were calculated based on HED body surface 
area and dose normalized to nasal surface area. However, when concentrations were 
used, the resulting margin is below 111~and therefore is not ~upportive of local safety for 

111 4the proposed specification ofrlT1% for )( (see Table above). 

As such, the specification for the drug product degradank-i (ljf<" j of NMT 
f11 4 

JT 1°/o is not acceptable. However, given the available da~d o suggesftliafflie aegradant 
does not pose a safety concern and given the indication is potentially life saving, the 
lack of local support need not preclude approval. Should this NOA be approved, a 
nonclinical PMR to ualify the local safety of the drug product specification of NMT FlT1% 
for ~ specification will be instituted. 

Container Closure System____ __ 
The container closure is the (blll unit dose sprayer (DMF <

11
H

4 
) . The 

following figure illustrates the container closure system of the proposed drug product 
(from the Appl icant's submission): 
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Fl rt> 1. t.:'nlt Dose Nas11l S ra • Delh1e 

The following table illustrates the components of the proposed container closure system 
(from the Applicant's submission): 

Table 1: Container Closure Component Information 

Drawtn~ Summit 
Type IIIComponent 1\laferial T~']>l' Pat't Manufacturer

Rderence 
Number DUf # 

,_ - (b)(4 

Vial ~Clear. lass vial !bl <4> 

' (b)llf) 

Plunger 
(Rubber Stopper) 

C'ontainct· Holdel' 
(Via] Holder) 

J-<rance 
(ll)(l 

Actuator 
Sub-

Assembly 
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Reviewer: Carlie K. Huynh_!,Pho·· 

The drug product solution is contalnect.!n a glass via_l..a-ncfis in direct contact with the 
rubber stopper. Accord ingly, an extractal:5tes;and·1eachables assessment of the rubber 
stopper was submitted . It is noted that_the·corri'pooents of the container closure system 
(both primary and secondary) l}a.ve·been referenced -arro,u.~~d in other approved 
intranasal products (NDAs-aiid ANDAs). -,, __ __ ___ _ 

ExtractiOf?_.Stutfies ••• ------------------------....__ 

The..RevTewer's Analytical Evaluation Threshold (AET) is calculated as follows us1ng4b~ 
~ threshold of concern and 111n• maximum daily volume of the product: -•••••••••....__ 

____, (tif(.il - •••••••••••••••, 

;>:~~~................... --- . 
-•.The..~_?<traction studies were conducted on the ____- (tif<"\ stoppers. The follow[og········ 

tables-iltustI:.@te the extraction conditions, the ins rumentalarialysis of sample .~x-trads, 
and the extracts-otJnterest from each analytical method (from the Appljcanrs 
submission): ·•············- .·.··-··•••••• 

-:::::::::. -• 

~ 
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(b)l.ill 

Leachables Study: 
The leachable study was conducted on 3 lots of Naloxone HCI 10 mg Unit Dose product 
that were stored for various timeQoints (3, 6, 12, 18, 24, and 36 months). The analyt ical 
methods used were GC/MS for (blll 

1 Control of Nitrosamine Impurities in Human Drugs Guidance for Industry. Available at 
https://www.fda.gov/media/141720/download 
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compounds via the maximum daily dose of the proposed product are below 
there are no safety concerns with the container closure system. 

(bJllf 

Elemental Impurities 
The elemental impurities assessment was conducted in the leachables study. 

All elementals were below the limit of detection of the analyt ical method~ 1611) 
w Ic mee s a ITCR 0 30--PD~ 

(l>)llf 

NOA 215487 Reviewer: Carlie K. Huynh, PhD 

As none of these leachable compounds exceed the (blll threshold, a toxicological 
risk assessment was not needed. As the maximum exposures of the leacha_bl_e__ 

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 and is intended for immediate administration as emergency therapy in 
settings where opioids may be present. Recommended initial dose is one nasal spray 
(11 Omcl ) that contains 1Omg 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. The proposed product is not a substitute for 
emergency medical care. Dosing reg imen is for both the adult and pediatric populations. 

2.7 Regulatory Background 

This is a 505(b)(2) appl ication referencing the Agency's previous findings of safety to 
Narcan® (NOA 16636) injectable product. The pharmaceutical development of the 
proposed product was conducted under IND 142850. 

Several meetings with the Applicant have taken place including a pre-IND meeting on 
February 2, 2019 (see Meeting Minutes dated March 7, 2019 under IND 141634) as 
well as written responses on October 27, 2020 and December 22, 2021. 
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The following nonclinical issues and recommendations were identified to the Applicant 
during development: 

• The proposed product was higher concentration and therefore repeat-dose 
intranasal toxicity studies in two species should be conducted for the NOA; 

• Leachables assessment should be conducted on several batches at multiple time 
points; and 

• Agreed that in silico assessment for 
qua Ii fication purposes. ----------------

3 Studies Submitted 

3.1 Studies Reviewed 

The following table illustrates the toxicology studies that were submitted and reviewed: 

Studv Number Studv Title 
2950-002 A 14-Day Intranasal Naloxone HCI Toxicity Study with a 7-Day 

Recovery Period 
20246992 A 28-Day Study of Naloxone HCI by Intranasal Administration in Rats 

with a 19-Day Recovery Period 
2950-001* A Pilot Study for Intranasal Administration in Dogs* 

* = This study was not reviewed using the review template but was summarized 

3.2 Studies Not Reviewed 

None. 

3.3 Previous Reviews Referenced 

There were no previous reviews referenced. 

4 Pharmacology 

4.1 Primary Pharmacology 

There were no new primary pharmacology studies with naloxone conducted and 
submitted in this NOA. 

4.2 Secondary Pharmacology 

There were no new secondary pharmacology studies with naloxone conducted and 
submitted in this NOA. 
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4.3 Safety Pharmacology 

There were no new safety pharmacology studies with naloxone conducted and 
submitted in this NOA. 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 

There were no new dedicated PK/ADME studies with naloxone conducted and 
submitted in th is NOA. 

5.2 Toxicokinetics 

There were no separate toxicokinetics studies with naloxone conducted and submitted 
in this NOA. 

6 General Toxicology 
In support of the higher concentration of naloxone hydrochloride 16n"Jmg/ml), the 
Appl icant submitted the 28-day rat and 14-day dog toxicolOQ_y' stuaies.these studies 
were also conducted to support the drug product degradant l >rrj. The 
following table illustrates the formulations used in the dog and rat toxicology studies, 
which is comparable to the cl inical formulation (from the Applicant's submission): 
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T~lill! .i.1.1.1.11.l - ummyr-y of F BrJJ1ulatio11s Used iu Nm1cli11i~ t, Clinieil l 
.:,ml CmnruucfaJ For mnJalion -

!ti.I to h lli\lJ'•)lJ b\.lrulUQ.'r'
1l11~ l u1r1111 11 ..1 f'h 11 11 11111~ ~ ln,h 

AlieM, Unk:alr ;tr1,IJ 
1 111 m1ll1, 1 ll•o 

- ,.- { 011111n 1,,i_ru P'9tmo1lnlo11rpiu •1li1u1 G ridJr 

,, \4lllf1x,, ·~ ,.,.,,, mttJmL m,:lml. '~ I IYI ~lil t!/JJfl~• 

- ·-''"'""' '~Nalu t111c. HC.:I 
(bf(4 '01hyd1 te 

(corre,vpondlng lo LISP 
nalo~,.m~ 

f1.11d1'oohfoticM - (b)(4) (b)(4 

'l'l'isoclium Citrmc. 
V31'' 

Dlll}'Clratc 

Glycerin USP 

(ti)(4(bf(41 NaOH Cll' HC'I 'N/A As required lo uu-gtit pH A 5 rec.iuiretl lo 1111-gct pH 

~-
PUlifierl Waler OS to lar_get ba1ch weight.USP 

The formulation used in the dog toxicology study slightly differed from the rat toxicology 
studies. The rat study included a group called SN(7032) that is equivalent to the clin ical 
formulation that also contains several drug product degradants, including <bn

4
i 

among others (see below in the review ortne 28-aay 
rat study). 

6.2 Repeat-Dose Toxicity 

A pilot study in dogs was conducted to determine a maximum feasible volume (MFV) to 
be used in the 14-day toxicology study in dogs and is summarized below. 

A Pilot Study for Intranasal Administration to Dogs (Study 2950-001 ) EDR link 
This pi lot study in dogs was non-GLP. There were 2 phases in this pi lot study in dogs 
Phase A and B . The ob·ective of Phase A of this stud was to determine the C ~ __,....,.,.____.,......,....,..______....,..____________base~ 

formulation when administered by a single-dose nasal spray applicator (also known as 
Naloxone HCI Placebo Unit Dose Actuators) via sequential device actuations to a 
beagle dog. The objective of Phase B of this study was to confirm the practicality, 
feasibility, and tolerability of the MFV of the placebo via intranasal administration on a 
repeated basis (3 consecutive days to beagle dogs). The following table illustrates the 
study design of this dog pi lot study (from the Applicant's submission): 
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Group .4croalions/ Tora! 
X o. Nntis A.croations 

I 1• lo 15 ~• ro 30 

1 ]5 301' 

Stud~· Design 

TextTal>le 1 
Experunentll De;;1gn 

:",umbtt' 
Yo!utnl!" (mL) of 

1'nris/ Doling 
Acrn:i!ion D nys 

Pbase A 
0.1 1 

PbaseB 
0.1 :3 

Total 
Dose ~wnber 

,·otome of !dl'llrilk~tion of 
(mLI Anim:ils F eDllllt Animab 

OA l 1501 

3.0 , 2501-2502 

• ThlS was the swtu1g dose only The animal was then admmISlered successive Llltr.lnasal UJStillauons of the 
placebo volume (0 1 mL'acnuror=ns. every 1- 3 minutes) up to a m;wmnm of 15 acmafions 11M1Std.iy The 
MFV was ba5('d on molStUfe our of n.ares andror s1g,15 of swallowiqg or emcs~ (_gag reflex) 

' Once the MFV was detmll11lt'd in P~ .~ 1 arumals recetved 5UCCe.sstv e JJJlfauani instillations of~ placebo 
volume (OJ mL'aclua'IOr naris, every 1 JO 3 nl1111ltes) for 3 COIL<ecurive days 

In-life Procedures, Obsen·.ations, and Measurements 

Cage Side Observations: Observations for morbidity, mo1tality, mjury, and the availability of 
food and water were conducted twice daily for all animals. 

Cageside Clinical Cageside clinical observations were conducted on each dosing day 
Observations: during dosing and at 2, 4, 6, and 8 hours after the last acruation. Each 

animal was examined visually while still in the cage for clinical signs 
of disease, toxicity, and mjury. IfwatTanted, the animal was removed 
from the cage for further signs of disease, toxicity, and injury. The 
animals were observed outside of the cage if scheduled observations 
occurred concurrently w1tl1 other study related activities. 

Detailed Clin!cal Observations for clinical signs were recorded at unscheduled 
Observations: intervals. The obse1vations collected from a companion animal are 

not reported but are maintained in the study file. 
The observations induded, but were not linlited to, evaluation of the 
skin, fur, eyes, ears, nose, oral cavity. thorax, abdomen, external 
genitalia, limbs and feet, respiratory and circulatory effects, 
autonomic effects sue h as salivation, and nervous system effects 
including tremors, convulsions, reactivity to handling, and t]JllJSUal 
behavior. 

Body Weights: The bodyweight of the animal in Phase A of the study was measured 
and recorded at transfer. This body weight is not reported but 1s 
maintained in the study file. Body weights were not recorded during: 
the study for the animals in Phase B of the study. 

NDA 215487 Reviewer:  Carlic K. Huynh, PhD 

The dosing during Phase A was in one day while dosing in Phase B was once daily for 
3 consecutive days. In-life procedures parameters that were measured and recorded 
are illustrated in the following table (from the Applicant’s submission): 

All dogs at study termination were returned to the stock colony. 

No dogs died during the course of the study. There were no noteworthy individual 
cageside clinical observations. No actuator device-related observations were noted in 
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the cageside cl inical observation during Phase A or Phase B of the study, indicating that 
the dogs tolerated the actuators and the actuators performed as intended. There were 
no treatment-related changes in body weights in both Phase A and Phase 8 . 

During Phase A of the study moisture was noted around the nare after the 15th actuation 
was administered to the dog. Due to the moisture that was noted after the 15th actuation 
(30 total actuations), the maximum feasible volume was considered to be 15 
actuations/naris (15 actuations x 0.1 mUactuation for a total volume of 3.0 ml or 1.5 
mUnaris). 

No effects were noted during Phase 8. 

Taken together, the maximum feasible volume was determined to be 3.0 ml or 1.5 
mUnaris due to the moisture that was noted after the 15th actuation (30 total actuations) 
during Phase A. During Phase 8 , repeat dosing at a maximum feasible volume of 3.0 
mUday was tolerated for 3 days. 

Study title: A 14-Day Intranasal Naloxone HCI Toxicity Study with a 7-Day 
Recovery Period 

Study no.: 2950-002 
Study report location: EDR Link -====-------~ Conducting laboratory and location: ~ 

Date of study initiation: June 18, 2019 
GLP compl iance: Yes. Signature provided on July 31 , 

2020. 
QA statement: Yes. Signature provided on July 30, 

2020. 
Drug, lot#, and % purity: Naloxone Nasal Spray 1 Omg, Lot No. 

NSNB1901A, 101 .1 % pure (provided 
from Summit Biosciences Inc.) 

Key Study Findings 

• Beagle dogs were administered O(saline control or vehicle control), 20, 160, or 
300 mg/day naloxone (100 mg/ml) intranasally for 14 consecutive days followed 
by a 7-day recovery period (no treatment). 

• As the doses are reported in mg/day, an average dog weight of 6 kg can be used 
to calculate mg/kg/day doses. As such, the doses are 3.33 (20/6 = 3.33), 26.7 
(160/6 = 26.7), and 50 (300/6 = 50) mg/kg/day, respectively. 

• Nasal mucosal irritation was present in the mid- and high dose dogs early in the 
treatment period but subsided and was not apparent on Day 14. 

• Sporadic microscopic findings were observed in the nasal cavity and in its 
surrounding tissues with the highest incidence observed at the high dose. The 
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local NOAEl is the mid dose which was 8 sprays per naris given that the slight 
increases in incidence microscopic findings was reversible after the recovery 
period in th is group. This local NOAEl results in a concentration margin of 1.1 x 
as the formulation used in this toxicology study (100 mg/m[ is a slightly higher 
concentration of naloxone HCI than the cl inical formulation (blll mg/ml ),1 

• The systemic NOAEl was the high dose of 300 mg/day based on no treatment­
related microscopic effects outside of the nasal cavity and is equivalent to a 
human equivalent dose of 1667 mg, which confers a safety margin of 83x based 
on a body surface are comparison and using an average human weighing 60 kg. 

Methods 
Doses: 

Frequency of dosing: 

Route of administration: 
Dose volume: 

FormulationN ehicle: 

Species/Strain: 
Number/Sex/Group: 

Age: 
Weight: 

Satell ite groups: 
Unique study design: 

Deviations from study 
protocol: 

Saline control, Vehicle control , 20, 160, and 300 
mg/day of Naloxone ( 1 Omg in 100 mcl or 100 
mg/ml) 
15, 15, 1, 8, and 15 actuations per naris, 
respectively, per day for 14 consecutive days 
Intranasal 
3.0, 3.0, 0.2, 1.6, and 3.0 mUday total volume, 
respectively 
0.9% sal ine control ; Naloxone HCI placebo 
vehicle control provided from the Applicant 
Dog/na'fve Beagle Dogs 
3/sex/group (main study); 2/sex/group (recovery) 
4.5 to 5 months 
4.55 to 7.20 kg 
Recovery group 
Olfactory functional assessment and mucosal 
irritation were included in th is study 
Deviations did not affect the interpretation of the 
results in this study 

The following table illustrates the study design of this study (from the Applicant's 
submission): 
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Text Table 2 
Experimental Design 

Group 
No. 

Test 
Matetial 

A,1ualioos 
ver Xiu1s 

Dost 
Volum t> 

(J.Dl.f.'>aLis) 

Total 
Dally 
DOSt' 

Volnmr 
(mL ) 

Dost 
C OD( . 

(m!:!/mL ) 

Total 
D11lly 
Dost> 
(m!?) 

Anim11IN0. 
Main Study R« ovrrY 

~fa]t' Fem11 lc.- 1\-lale Female• 

I Saline 15 1.5 3.0 0 0 
1003-
1005 

1503-
1505 

1001-
1002 

1501-
1502 

2 Vehicle 15 1.5 3.0 0 0 
2003-
2005 

2503-
2505 

2001-
2002 

2501-
2502 

3 NaJoxone< 1 0.1 0.2 ]00 20 
3003-
3005 

3503-
3505 

3001-
3002 

3501-
3502 

4 Naloxone< 8 0.8 1.6 100 160 
4003-
4005 

4503-
4505 

4001-
4002 

450 1-
4502 

5 Naloxone< 15 1.5 3.0 100 300 
5003-
5005 

5503-
5505 

5001-
5002 

5501-
5502 

Cone.: Conceutration 
~ Two animals were designated for a 1-week rccove1y period. 
" Vehicle= Naloxone HCI Phlcebo Uuit Dose. 
< Naloxooe =Naloxone HCl Nasal Spray. l0rug. 

It is noted that the doses used in this dog toxicology study are expressed in mg/day and 
did not consider the body weights of the dogs. Using an average dog weight of 6 kg 
(from the body weight data), these doses are 3.33 (20/6 = 3.33), 26.7 (160/6 = 26.7), 
and 50 (300/6 = 50) mg/kg/day and are only used to calculate a Human Equivalent 
Dose (HED), which are 111 (3.33/1.8 x 60 kg average human weight = 111 ), 889 
(26.7/1.8 x 60 kg average human weight= 889), and 1667 (50/1.8 x 60 kg average 
human weight= 1667) mg, respectively. The saline control, vehicle control , and all 
naloxone dose groups were administered daily for 14 consecutive days via the 
intranasal route using the Applicant-supplied actuators. Administration of each test 
compound was performed ± 1 hour from the time of the start of dosing on Day 1. Each 
actuation is 0.1 ml in volume. The dose levels are 20, 160, and 300 mg/day and the 
total daily dose volumes to achieve these doses are 0.2 (1 actuation/naris), 1.6 (8 
actuations/naris), and 3.0 ml (15 actuations/naris), respectively. The 2 control groups 
(sal ine or vehicle) was administered in the same manner as the naloxone dose groups 
with a total daily volume of 3.0 ml (15 actuations/naris). All test compounds were 
administered fi rst to the left naris and then administered to the right naris after 2 to 3 
minutes. Alternating administration between the left and right naris were performed until 
the required number of actuations was administered. 

The high dose of 300 mg dispersed over 15 actuations and a total daily volume of 3.0 
ml was determined from the pilot study in dogs (Study 2950-001 ). The pilot study in 
dogs determined the maximum feasible volume to be 3.0 ml or 1.5 ml/naris due to the 
moisture that was noted after the 15th actuation (30 total actuations) during Phase A. 
During Phase B, repeat dosing at a maximum feasible volume of 3.0 ml/day was 
tolerated for 3 days. Accordingly, a maximum feasible volume of 3.0 ml was used in the 
14-day toxicology study in dogs. 

Observations and Results 
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Mortality 
Mortality/moribundity checks were made twice daily during the study. There were no 
unscheduled deaths during the study. 

Clinical Signs 
For cage side observations, all dogs were observed for morbidity, mortality, injury, and 
the availability of food and water twice daily during the study. 

For cage side clinical observations, each dog was examined visually for disease, 
toxicity, and injury at 2, 4, and 24 hours after the first actuation on each dosing day in 
the treatment phase as well as once daily during the recovery phase. 

Detailed clinical observations of each dog was performed weekly during the study. The 
observations included, but not limited to, evaluation of the skin, fur, eyes, ears, nose, 
oral cavity, thorax, abdomen, external genitalia, limbs and feet, respiratory and 
circulatory effects, autonomic effects such as salivation, and nervous system effects 
such as tremors, convulsions, reactivity to handling, and unusual behavior. 

A complete physical examination was conducted by a veterinarian on all dogs pretest 
and throughout the study. 

Trembling was noted during cageside clinical observations in 1/5 females from the 300 
mg/day dose group. Tremors and/or trembling were noted during detailed clinical 
observations in 2/5 females from the 300 mg/day dose group. Trembling was noted 
during veterinary examination in 1/5 males from the 160 mg/day dose group. In the 
Pathology Report, trembling and/or tremors were not considered treatment-related as 
they occurred in 1 or 2 dogs and were transient in nature. 

Treatment-related salivation was noted during cageside clinical observations in males 
and females from the 160 and 300 mg/day dose groups. According to the Pathology 
Report, salivation was not considered adverse because the dogs were examined by the 
veterinary staff and had normal hydration, normal lung sounds upon auscultation, and 
normal gum color/capillary refill time. Other cageside clinical observations including 
decreased activity, emesis/vomitus, abnormal feces (discolored, mucoid, soft and/or 
watery), red material in pan/bedding, white discharge, lacrimation, dry skin, sparse hair, 
and or scabbed area were incidental and not considered treatment-related because the 
observations only occurred in a few dogs per group, were seen in controls, and/or are 
observations typically seen in this age and strain of dog per the Pathology Report. 

This Reviewer concurs with the conclusions of the Pathology Report. 

Body Weights 
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Body weights for all dogs were measured and recorded weekly during the study. Body 
weight changes were calculated for all dogs between each weighing interval. There 
were no treatment-related changes in body weight and body weight gains in this study. 

Food Consumption 
Food consumption was measured and recorded daily and reported weekly throughout 
the dosing and recovery period. There were no treatment-related changes in food 
consumption in this study. 

Ophthalmoscopy 
Ophthalmological examinations were conducted by an ophthalmologist pretest as well 
as prior to the terminal and recovery necropsies. There were no treatment-related 
changes in the ophthalmoscopic examinations in the study. 

ECG 
Electrocardiographic examinations were performed on all dogs pretest and on all 
surviving dogs on Day 2 (predose and 4 hours post-dose), during the last week of 
dosing, and once during recovery. Standard ECGs (10 Lead) were recorded at 
50 mm/sec. The RR (time between 2 successive R-waves), PR (time from onset of p-
wave to the start of the QRS complex), QT intervals (duration of ventricular electrical 
systole from the beginning of the QRS complex to the end of the T-wave), and QRS 
duration (duration of QRS complex, which represents the electrical impulse as it 
spreads through the ventricles and indicates ventricular depolarization) as well as heart 
rate were measured and recorded using an appropriate lead. The QRS complex is 
represented in the following figure: 

All dogs were in sinus rhythm or sinus arrhythmia, both of which are normal rhythms in 
dogs. One male dog (Animal no. 5003) from the 300 mg/day dose group had an atrial 
premature complex (APC) on Day 2 and terminal postdose ECGs. According to the 
Pathology Report, infrequent APCs can be a normal variant in dogs and as the 
arrhythmia was observed infrequently in a single animal, the arrhythmia is not 
considered treatment-related. Aside from the APCs, all of the electrocardiograms were 
qualitatively and quantitatively within normal limits per the Pathology Report. 

When absolute group mean values were evaluated statistically by sex and compared to 
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interval matched saline group values, the following significant difference was noted: 

• Slower heart rate in females at the Day 2 postdose interval following vehicle 

When absolute group mean values were evaluated statistically by sex and compared to 
interval matched vehicle group values, the following significant differences were noted: 

• Higher heart rate in males at the Day 11 predose and postdose intervals 
following the 160 mg/day dose 

• Higher heart rate in females at the Day 2 postdose interval following the 300 
mg/day dose 

• Shorter RR interval in males at the Day 11 postdose interval following the 160 
mg/day dose 

• Longer QT interval in males at the Day 11 postdose interval following the 160 
mg/day dose 

The Pathology Report addressed these changes. As the higher heart rate and shorter 
RR intervals in males were noted only following the mid dose, the changes are not 
considered treatment-related. The longer QT interval in males is a normal response to a 
slower heart rate. The higher heart rate in females, while occurring in the high dose 
group, is not considered test article related as the change was due as much to a 
slowing of the heart rate in the vehicle group (significantly slower than saline) as it was 
to an increase in the test article group and it was observed at only a single post-dose 
interval. 

This Reviewer concurs with the conclusions of the Pathology Report. 

Hematology 
All dogs were fasted overnight prior to blood and urine collection but had access to 
drinking water. Blood was collected via the jugular vein and urine was collected using 
steel pans placed under the cages for at least 16 hours on Days 1 and 14. The following 
tables illustrate the blood and urine sampling schedule (from the Applicant’s 
submission): 
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Text Tabk 4 
Bioanalysis Sample Collection Schedule 

Samplr Colltttion Thnr Polnh 
(Tlmr Altu thr First A<'tuatiou) on Davs l and U 

G1·oup No. oa hr 0.25 hr 0.5 hr 1 hr 2 hr 4 hr 24 hr 
l b X X X X X X X 
2b X X XX X X X 
3 X X X X X X X 
4 X X X X X X X 
5 X X X X X X X 

X - Sample was collected: hr - hour 
a Sample was collected before dosing. 
b Only the l hour posrdose samples were analyzed for these ~oup~. 

TextTabJe 2 
Clinical Pathology Sample Collection 

Panrl 
Colltftion 
Inte1-val Group 1 Group 2 Group 3 Group4 Group5 

Hematology Twice Pretreatment\ Tenninal, 
and Recovery X X X X X 

Coagulation Twice Pretreatment\ Tenninal, 
and Recovery X X X X X 

Clinical 
Chemistrv 

Twice Pretreatmenr, Terminal, 
and Recoverv X X X X X 

Urinalysis Twice Pretreatmenr, Terminal. 
and Recovery X X X X X 

a Days -11 and -6. 
X - samples were collected 

Hematology and coagulation parameters were a routine set used in toxicology studies 
and were measured from the blood samples. 

The following table illustrates the changes in hematology and coagulation (data from the 
Applicant's submission): 

Observation Day Saline Vehicle 20 mg/day 160 mg/day 300 mg/day 
Control Control Naloxone Naloxone Naloxone 

Males 
Erythrocytes ( 106 

cells/mcl) 
14 5.998 6.228 5.900 6.390 6.8068 

(13.5%) 
Hemoglobin (g/dl) 14 12.92 13.56 12.98 13.88 14,]6a,D 

(14.2 and 
8.85%) 

Hematocrit (%) 14 40.42 42.16 40.02 43.20 46,]4a,D 
(15.6 and 
10.9%) 

Absolute 14 67.26 48.46 66.96 61 .54 90.94° 
Reticulocyte (103 (87.7%) 
cells/mcl) 
Females 

27 

Reference ID 5273595 



  
  

   
  

   
    

 
      

     
 

 
 

   
  

  

 
 

   
   

   
 

 

 

  
 

  

  

I I I I 

NDA 215487 Reviewer:  Carlic K. Huynh, PhD 

Prothrombin Time 14 7.48 7.42 7.92 7.84 7.74c 

(sec) (3.48%) 
Monocytes 
(103 cells/mcL) 

21 0.575 0.245a 

(-57.4%) 
0.340a 

(-40.9%) 
0.455b,c 

(-20.9 and
85.7%) 

0.245a 

(-57.4%) 

a = different from saline control (p < 0.01) using ANOVA with multiple comparisons 
b = different from vehicle control (p < 0.01) using ANOVA with multiple comparisons 
c = different from saline control (p < 0.05) using ANOVA with multiple comparisons 
d = different from vehicle control (p < 0.05) using ANOVA with multiple comparison 

In males, there was an increase in erythrocytes by 13.5% in the 300 mg/day dose group 
compared to the saline control at the end of the dosing period. There were increases in 
hemoglobin and hematocrit by 14.2 and 15.6%, respectively, in the 300 mg/day dose 
group compared to the saline control as well as by 8.85 and 10.9%, respectively, 
compared to the vehicle control at the end of the dosing period. There was an increase 
in absolute reticulocyte by 87.7% in the 300 mg/day dose group compared to the 
vehicle control at the end of the dosing period. There were no further treatment-related 
changes in hematology and coagulation in males during the study. 

In females, there was an increase in prothrombin time by 3.48% in the 300 mg/day dose 
group compared to the saline control at the end of the dosing period. There were 
decreases in monocytes by 57.4, 40.9, 20.9, and 57.4% in the vehicle control, 20, 160, 
and 300 mg/day dose groups, respectively, compared to the saline control at the end of 
the recovery period with an increase of 85.7% in the 160 mg/day dose group compared 
to vehicle control at the end of the recovery period. The decrease in monocytes 
compared to the saline control was not dose-dependent and the decrease in monocytes 
compared to the vehicle control was not dose-dependent as the decrease was only 
observed in the 160 mg/day dose group. There were no further treatment-related 
changes in hematology and coagulation in females during the study. 

In the Pathology report, changes in hematology and coagulation were considered 
sporadic, consistent with biologic variation and/or negligible in magnitude, and not 
treatment-related. This Reviewer concurs with the conclusions of the Pathology Report 
as these parameters are within normal ranges in this strain of dog (Derelanko, 2008). 

Clinical Chemistry 
Clinical chemistry parameters were a routine set used in toxicology studies and were 
measured from the blood samples. 

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

Observation Day Saline 
Control 

Vehicle 
Control 

20 mg/day
Naloxone 

160 mg/day 
Naloxone 

300 mg/day 
Naloxone 

Females 
Sodium 14 146.4 147.6 146.6 147.0 146.3d 

(mEq/L) (-0.88%) 
Potassium 21 5.07 4.53 4.75 4.45c 4.31c 
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(mEq/L) (-12.2%) (-15.0%) 
Creatinine 14 0.44 0.52 0.46 0.51 0.44d 

(mg/dL) (-15.4%) 
Triglyceride 
(mg/dL) 

21 34.2 48.6c 

(42.1%) 
50.9c 

(48.8%) 
29.4d 

(-39.5%) 
29.5d 

(-39.3%) 
c = different from saline control (p < 0.05) using ANOVA with multiple comparisons 
d = different from vehicle control (p < 0.05) using ANOVA with multiple comparison 

There were no treatment-related changes in clinical chemistry in males during the study. 

In females, there were decreases in sodium and creatinine by 0.88 and 15.4%, 
respectively, in the 300 mg/day dose group at the end of the dosing period. The 
decrease in creatinine in the 300 mg/day naloxone dose group was not different from 
saline control with no dose-dependency. At the end of the recovery period, there were 
decreases in potassium in the 160 and 300 mg/day dose groups by 12.2 and 15.0%, 
respectively, compared to saline control. At the end of the recovery period, there was an 
increase in triglyceride in the vehicle control by 42.1% compared to the saline control as 
well as increase by 48.8% in the 20 mg/day dose group compared to saline control and 
decreases of 39.5 and 39.3% in the 160 and 300 mg/day dose groups, respectively 
compared to vehicle control. There were no further treatment-related changes in clinical 
chemistry in females during the study. 

In the Pathology report, changes in clinical chemistry were considered sporadic, 
consistent with biologic variation and/or negligible in magnitude, and not treatment-
related. This Reviewer concurs with the conclusions of the Pathology Report as these 
parameters are within normal ranges for this strain of dog (Derelanko, 2008). 

Urinalysis 
Urinalysis parameters were measured from the urine samples including volume, specific 
gravity, and pH. There were no treatment-related changes in urinalysis in this study. 

Gross Pathology 
Dogs were sacrificed at the end of the dosing and recovery phases on Day 15 and Day 
22, respectively. Subsequently, necropsy examinations were performed by a veterinary 
pathologist. The dogs were examined carefully for external abnormalities including 
palpable masses. 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 gross pathology changes at the end of the dosing and 
recovery periods (data from the Applicant’s submission): 

Observation Saline Vehicle 20 mg/day 160 mg/day 300 mg/day 
Control Control Naloxone Naloxone Naloxone 

Dosing Period 
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Males 
Kidneys 
--absent 1/3 - - - -
Lung 
--focus/foci, red 1/3 - - - 0/3 
--nodule 0/3 - - - 1/3 
Females 
Kidney 
--mass - 1/3 - - -
Recovery Period 
Males 
Pituitary Gland 
--cyst - 1/2 - - -
Prostate Gland 
--small - - - - 1/2 
Females 
Brain 
--dilation - - - - 1/2 
Skin, Subcutis 
--edema - - 1/2 - -
Uterus with Cervix 
--absent, portion - 1/2 - - -

In males at the end of the dosing period, kidney (absent) and lung (focus/foci, red) were 
observed in the saline control group and as such, can be dismissed. Lung (nodule) was 
observed in 1/3 dogs in the 300 mg/day dose group and was correlated to mild 
subacute/chronic inflammation microscopically. 

In females at the end of the dosing period, kidney (mass) was observed in the vehicle 
control group and as such, can be dismissed. 

In males at the end of the recovery period, cyst in the pituitary gland was observed in 
the vehicle control and as such, can be dismissed. Prostate gland (small) was observed 
in 1/2 dogs in the 300 mg/day dose group and was identified as immature 
microscopically. 

In females at the end of the recovery period, brain (ventricular dilation) was observed in 
1/2 dogs in the 300 mg/day dose group and was correlated to minimal hydrocephalus 
microscopically. Skin, subcutis (edema) was observed in 1/2 dogs from the 20 mg/day 
dose group only and as such, can be dismissed. Uterus with cervix (absent, portion) 
was observed in the vehicle control and as such, can be dismissed. 

In the Pathology Report, these macroscopic changes were not treatment-related as they 
were considered incidental, were commonly observed in beagle dogs, and/or were of 
similar incidence in control and dosed dogs. This reviewer concurs with the conclusions 
of the Pathology Report. 

Organ Weights 

30 

Reference ID: 5273595 



 
 

   

  

 

  

    
   
  

  

   

  

NDA 215487 Reviewer:  Carlic K. Huynh, PhD 

Body weights and organ weights were recorded for all dogs at the scheduled necropsies 
(at the end of the treatment and recovery phases) along with organ weight ratios 
(relative to body and brain weights). 

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

Organ Saline Vehicle 20 mg/day 160 mg/day 300 mg/day
Control Control Naloxone Naloxone Naloxone 

Spleen/Body Weight 1.07663 1.47158 1.25028 1.18590 1.17346d 

ratio (%) (-20.3%)
  d = different from vehicle control (p < 0.05) using ANOVA with multiple comparisons 

In males, there was a decrease in the spleen-to-body-weight ratio by 20.3% in the 300 
mg/day dose group compared to the vehicle control; however, there was no difference 
compared to the saline control. According to the Pathology Report, this difference was 
considered the result of normal biological variation based on its minimal magnitude, the 
lack of microscopic correlates, and the absence of statistical significance compared to 
the saline control. This Reviewer concurs with the conclusions of the Pathology Report. 
There were no further treatment-changes to the body weight parameters (absolute 
organ weight, organ-to-body-weight ratio, and organ-to-brain-weight ratio) in males 
during the study. 

There were no treatment-related changes in organ weight parameters in females during 
the study. 

Histopathology 
Adequate Battery 
The following organs and tissues were collected, weighed, preserved, and examined 
microscopically (from the Applicant’s submission): 
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Text Table 5 
Tissue Weighillg. Collection. Processing and Evaluation Table 

01·2an Wei2h 

.'.\tanosroplc 
Ernluation and 

Colltttion 
Histolo~· 
Processin2 

:Microscopic 
Evaluation 

Animal ID - X - -
Artery. aorta - X X X 
Bone marrow. sternum - X X X 
Bone marrow smear - X" - -
Bone. femur - X (1) X ( 1) X(l) 
Bone. stenullll - X X X 
Brain (7 sections) X X X X 
Body cavity nasal (4 sections with 
olfactory bulb) - X X X 

Carina - X X X 
Eoididvmis X(2) X (2)b X(2) X(2) 
Esophagus - X X X 
Eye - X (2)b X (2) X(2) 
Extraoubnonarv bronchus - X X X 
Gallbladder 

-· 
X X X 

Ga1111lion. dorsal root, lumbar - X - -
Gland. adreuaJ X (2) X (2) X (2) X(2l 
Gland. lacrimal - X(2) - -
Gland, lllallllllarv - X X X 
Gland. oarathvroid _4 X(2) X (2) X(2) 
Gland. oimitarv X X X X 
Gland. orosrare X X X X 
Gland. salivarv. submandibular - X(2) X{l) X(l) 
Gland. salivarv. sublinmtal - X(2) - -
Gland salivarv. oarotid - X(2) - -
Gland. thwoid X (2) X (2) X (2) X(2) 
Gut-associated lvmohoid tissue< - X X X 
Heart X X X X 
Joint. femorotibial - X (I) X(l) X(l) 
Kidney X (2) X (2) X (2) X (2) 
Large intestine. cectun - X X X 
Large intestine. colon - X X X 
L,rge intestine. rectum - X X X 
ILarvnx - X X X 
Liver X X X X 
Lun~ X X X X 
Lvmoh node. tracheobrouchial - X X X 

LYfilph node. mandibular - X (2) X (2) X (2) 

LYlllPh node. meseuteric - X X X 
Muscle. skeletal - X X X 
Nasooharvnx - X X X 
Nerve. optic - X X (2) X (2) 
Nerve. sciatic - X X{]) X(l) 
Nerve. tibial - X - -
Orooharvn.-.: - X X X 
Ovaiy X (2) X(2) X(2) X(2) 
Oviduct - X - -
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0 l'!!an Weigh 

:Vlarroscopic 
Evaluation and 

Collection 
Histology 

Processinl! 
Microsco1iic 
Evaluation 

Pancreas - X X X 
Skin - X X X 
Small intestine. duodenum - X X X 
Small intestine. ileum - X X X 
Small intestine. jejunum - X X X 
Spinal cord - X X X 
S1)leen X X X X 
Stomach - X X X 
Te5tis X(2) X (2) X (2) X (2) 
Thvmus X X X X 
Tongue - X X X 
Tonsils - X X X 
Trachea - X X X 
Ureter - X - -
Urina1y bladder - X X X 
Uterus/Cervix X X X X 
Vagina - X X X 

X = Procedures conducted. - = Not applicable. (I) = one side. (2) = both sides. 
Macroscopic abnonualities in the organs listed and in other organs were sampled at necropsy. processed for 
histology and examined microscopically. 
• Bone ma!l'ow smears were collected from the 5th to 7tl1 rib ac scheduled necropsies (for possible examination). 

Bone marrow smears were allowed to air dry and were not fixed in fonnalin. 
b Eyes and optic nerves were preserved in Davidson·s fixative. Testes and epididymides were prese1ved in 

modified Davidson's fixative. 
c From small intestine: Peyer's patch or solita1y lymphoid follicle. 
d Weighed with gla11d. thyroid. 
• Weighed with liver. 

The table above is an adequate set of tissues and organs that were examined 
microscopically. 

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

Histological Findings 
Microscopic changes at the end of the treatment period are illustrated in the following 
table (data from the Appl icant's submission): 

Observation Saline 
Control 

Vehicle 
Control 

20 mg/day 
Naloxone 

160 mg/day 
Naloxone 

300 mg/day 
Naloxone 

Males 
Lung 
- Inflammation, subacute/ chronic 

Minimal 
Mild 
Moderate 

1/3 
0/3 
1/3 

0/3 
0/3 
0/3 

0/3 
0/3 
0/3 

1/3 
0/3 
0/3 

1/3 
1/3 
0/3 

Lymph Node, Mesenteric 
-Hyperplasia, lymphoid, germinal 
center 

Minimal 0/3 0/3 0/3 0/3 1/3 
Lymph Node, Tracheobronchial 
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--Erythrocytosis/ 
erythrophagocytosis, sinus

 Minimal
 Mild 

Nasal b 
--Infiltration, mononuclear cell, 
increased

 Minimal 
Nasal c 
--Degeneration/atrophy, olfactory, 
epithelium

 Minimal 
--Mineralization

 Minimal 
--Infiltration, mononuclear cell, 
increased

 Minimal 
Tracheal bifurcation 
--Infiltration, mononuclear cell

 Minimal
 Mild 

Bronchus 
--Infiltration, mononuclear cell

 Minimal
 Mild 

Females 
Lung 
--Alveolar macrophage 
aggregation

 Minimal 
--Hemorrhage

 Minimal 
--Inflammation, subacute/ chronic

 Minimal
 Mild 

--Fibrin deposition
 Mild 

Lymph Node, Tracheobronchial 
--Erythrocytosis/ 
erythrophagocytosis, sinus

 Minimal 
Nasal b 
--Infiltration, mononuclear cell, 
increased

 Minimal 
Nasal c 
--Degeneration/atrophy, olfactory, 
epithelium

 Minimal 
Trachea 
--Infiltration, mononuclear cell

 Minimal 
Tracheal bifurcation 
--Infiltration, mononuclear cell 

0/3 
1/3 

0/3 

1/3 

0/3 

0/3 

1/3 
1/3 

1/3 
1/3 

1/3 

1/3 

1/3 
0/3 

1/3 

1/3 

0/3 

1/3 

1/3 

0/3 
0/3 

0/3 

1/3 

1/3 

0/3 

0/3 
0/3 

0/3 
0/3 

0/3 

0/3 

0/3 
0/3 

0/3 

0/3 

0/3 

1/3 

0/3 
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1/3 
0/3 

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 

1/3 

0/3 

1/3 

0/3 

0/3 
0/3 

1/3 

1/3 

0/3 

1/3 

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 
0/3 

0/3 

2/3 

0/3 

0/3 

0/3 
0/3 

1/3 
0/3 

0/3 

0/3 

0/3 
1/3 

0/3 

0/3 

1/3 

1/3 

0/3 
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 Mild 
Bronchus 
--Infiltration, mononuclear cell

 Mild 
--Degeneration/atrophy, 
respiratory epithelium

 Minimal 

1/3 

1/3 

0/3 

0/3 

0/3 

0/3 

0/3 

0/3 

0/3 

0/3 

0/3 

1/3 

0/3 

0/3 

0/3 

Microscopic changes in the lung (subacute/chronic inflammation) correlated with 
macroscopic changes (nodule) in males at both the 160 and 300 mg/day naloxone dose 
groups as well as in the female 300 mg/day naloxone dose group. However, the 
severity of the finding was greater in the saline control (moderate) than in the naloxone 
treatment groups (minimal and mild in males and mild in females) and as such, can be 
dismissed. 

The inflammatory response (e.g. hyperplasia, lymphoid, germinal center; sinus 
erythrocytosis/erythrophagocytosis; increased mononuclear cell infiltration, 
degeneration/atrophy of the respiratory epithelium) in the lymph nodes (mesenteric and 
tracheobronchial in males and tracheobronchial in females), trachea in females, and 
tracheal bifurcation and bronchus of both sexes that were observed sporadically in all 
dose groups suggesting healing in these tissues from the irritating test article (proposed 
naloxone formulation). 

In the Pathology Report, the following microscopic findings were present in the nasal 
cavity at the terminal and recovery necropsies: minimal olfactory epithelium 
degeneration/atrophy (restricted to the dorso-medial meatus on level c), minimal 
increased mononuclear cell infiltrate (tips of turbinates), and cyst (focal). In addition, 
minimal focal mineralization was present at the terminal necropsy only. Level c of the 
nasal cavity was the most commonly affected. Changes were present across groups, 
including saline and vehicle control groups with no dose response. Therefore, these 
findings were considered incidental and not test article related. 

The following table illustrates the microscopic changes at the end of the recovery period 
(data from the Applicant’s submission): 

Observation Saline 
Control 

Vehicle 
Control 

20 mg/day
Naloxone 

160 mg/day 
Naloxone 

300 mg/day 
Naloxone 

Males 
Galt 
--Inflammation, acute

 Mild 0/2 0/2 0/2 0/2 1/2 
Prostate gland 
--Immature 0/2 0/2 0/2 0/2 1/2 
Lung 
--Inflammation, subacute/ chronic

 Minimal 
2/2 0/2 0/2 0/2 0/2 

Trachea 
--Infiltration, mononuclear cell

 Minimal 0/2 0/2 1/2 0/2 0/2 
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Lymph Node, Tracheobronchial 
--Erythrocytosis/ 
erythrophagocytosis, sinus

 Minimal
 Mild 

1/2 
0/2 

0/2 
1/2 

1/2 
0/2 

0/2 
0/2 

1/2 
0/2 

Nasal b 
--Infiltration, mononuclear cell, 
increased

 Minimal 0/2 1/2 0/2 0/2 1/2 
Nasal c 
--Degeneration/atrophy, olfactory, 
epithelium

 Minimal 
--Infiltration, mononuclear cell, 

1/2 1/2 1/2 1/2 2/2 

increased
 Minimal 0/2 0/2 0/2 1/2 0/2 

Bronchus 
--Infiltration, mononuclear cell

 Minimal 0/2 0/2 1/2 0/2 1/2 
Females 
Brain 
--Hydrocephalus

 Minimal 0/2 0/2 0/2 0/2 1/2 
Heart 
--Mineralization, vascular

 Minimal 0/2 0/2 0/2 0/2 1/2 
Lung 
--Inflammation, subacute/ chronic

 Minimal
 Mild 

--Giant cells
 Minimal 

0/2 
0/2 

1/2 
0/2 

0/2 
1/2 

0/2 
0/2 

0/2 
0/2 

0/2 0/2 1/2 0/2 0/2 
Lymph Node, Tracheobronchial 
--Erythrocytosis/ 
erythrophagocytosis, sinus

 Minimal
 Mild 

0/2 
0/2 

0/2 
0/2 

0/2 
0/2 

0/2 
1/2 

1/2 
0/2 

Nasal b 
--Infiltration, mononuclear cell, 
increased

 Minimal 0/2 0/2 1/2 0/2 0/2 
Nasal c 
--Degeneration/atrophy, olfactory, 
epithelium

 Minimal 0/2 1/2 1/2 1/2 0/2 
Tracheal bifurcation 
--Infiltration, mononuclear cell

 Minimal 1/2 0/2 0/2 0/2 0/2 
Bronchus 
--Infiltration, mononuclear cell

 Minimal 0/2 0/2 0/2 1/2 0/2 

As shown in the table above, the microscopic changes in the lungs, trachea, lymph 
nodes (mesenteric and tracheobronchial), tracheal bifurcation, and bronchus subsided 
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Text Table 9 
Olfacto!J Functional Assessmeuts' 

Pi-etestb Dav1 Davi Day 14 
Gr·oup Dose Male Female Male Female Male Female Male Female 

l Saline 4/5 5/5 3f5 4/5 315 4/5 315 515 
2 Vehicle -4/5 515 415 515 4/5 515 3/5 515 
3 2.0mg/day 4/5 5/5 515 515 4/5 515 4/5 5/5 
4 160m~/d.w 4/5 515 5/5 3/5 5/5 3/5 515 515 
5 300m~/d.iy 515 515 415 4/5 4/5 4/5 4/5 4/5 

' R.es-ults are presented as numbe,· of aniiuals that passed olfact,ory functional ==meot divided by rota! number of 
animal&. 

b Pretest assessments were performed twice (on Days -4 and-I), with only the animals which I.ailed on Day -4 being 
reassessed on Day -1. Animals that passed the pretest olfactory functional assessment on either Day -4 or Day -1 are 
reported as. passed. 

NDA 215487 Reviewer:  Carlic K. Huynh, PhD 

at the end of the recovery period with findings occurring sporadically in all dose groups. 
In males, mild acute inflammation in the galt and immature prostate were observed in 
1/2 recovery males, each, from the 300 mg/day dose group. In females, minimal 
hydrocephalus and minimal vascular mineralization of the heart were observed in 1/2 
recovery females, each, from the 300 mg/day dose group. 

According to the Pathology Report, these microscopic findings observed in other tissues 
at the terminal and recovery necropsies were considered incidental, of the nature 
commonly observed in beagle dogs, and/or were of similar incidence and severity in 
control and dosed animals and, therefore, were considered incidental/spontaneous and 
not treatment-related. The test article (proposed naloxone formulation) is a nasal irritant. 
This Reviewer concurs with the conclusions of the Pathology Report. 

Special Evaluation 
Olfactory Functional Assessment 
Olfactory functional assessments were conducted on all dogs on Days 2, 7, and 14 
during the study. A cotton swab soaked in water was used to acclimate each dog to 
cotton swab. After 15 to 30 seconds, the water-soaked cotton swab was replaced with 
an ammonia-soaked cotton swab. A recoil reaction represents an intact olfactory 
response while the lack of a recoil reaction represents a deficient olfactory response. 

The following table illustrates the findings of the olfactory functional assessments (from 
the Applicant’s submission): 

As shown in the table above, the decrease in the number of passed was not dose-
dependent and was not dependent on the number of treatment days. According to the 
Pathology Report, there were no treatment-related effects on the olfactory functional 
assessment and any changes in individual olfactory function were considered incidental 
and were either present pretest or were likely due to individual variation. This Reviewer 
concurs with the conclusions of the Pathology Report. 

Evaluation of Mucosal Irritation 
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Evaluations of mucosal irritations were conducted on all dogs daily during the first week 
of the study and once on Day 14. The left and right external nares were reflected back 
and the mucosal lining was observed for gross signs of irritation and any other signs of 
local or systemic effects. The mucosal lining was scored for skin irritation based upon 
the Draize scale (from the Applicant's submission): 

Text Table 3 
Nasal Observations 

Score- ObsE>1-vation 
0 No evidence of nasal symptoms 
1 Nasal rauling or sneezing 
2 Nasal discharge on external nares 
3 Evidence of mouth breathin~ 

Maximum possible score =3 

The following tables illustrate nasal irritation in the left side of both sexes (from the 
Applicant's submission): 

Text Table 10 
Left Nasal Muco!;al lrritation Assessments • 

Dav l Day 2 DayJ Day 4 
Gl'Oup Dose :Male Female Male Female Male Female Male Female 

1 Saline 0 0 0.4 0.8 0 0 0.4 0 
2 Vehicle 0 0 0.8 0.8 0 0.4 0 0 
3 20 mg/day 0 0 0 0 0 0 0 0 
4 160 nwdav 0 0.4 1.6 1.6 0.4 0.8 0.4 04 
s 300 m,q/day 0.8 0 2 0.4 0.8 1.2 0.8 1.2 

a Results are presented as a mean score for the :uum.1Js in the specific treatment group. 

Text Table 10. Con1. 
Left Nasal Mucosa! Irritation Assessments a 

Gl'OUP Dose 
Day$ Davo Day 7 Dny l 4 

Male Female Male Female Male Female Male Female 
1 Saline 0 0 0 0 0 0 0.4 0 
2 Vehicle 0 0 0 0 0 0.4 0 0.4 
3 20 mg/day 0 0 0 0 0.4 0 0.4 0.4 
4 160 mgfday 0.2 0 0.4 1.6 0.4 0.4 0.4 0.4 
5 300 ,ruuclav 0.2 0 0.4 0.8 0.4 0.4 0.4 0.4 

" Results a:re presemoo as a mean score for the animals in the specific tre.ittuenr group. 

The following tables illustrate nasal irritation in the right side of both sexes (from the 
Applicant's submission): 
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Teet Table 11 
Right Na.sal Mucosal lmtat:JOO Assessment~ 1 

DaY 1 Dn? Di1 Y3 
Group Dose 1\£.ale Female 1\1.ale Female Male Female 

1 Saline 0 0 0.4 0.8 0.4 
2 Vehicle 0 0 0 0.8 0 
3 20 mg/day 0 0 0 0 0 
... 160 ID¥/dav OA 0.4 2 1.6 0.8 
5 300~-dav 1.2 0 1.2 0.8 0.8 

0 
04 
0 

0.8 
0.8 

D:n- 4 
l\ble Female 

0 0 
0 0 
0 0 

0.4 OA 
1.6 1.2 

• Results ace presented as a mean score for the aruma1s ui the spco.fic tre2tment group 

Text Table 11. Com. 
Right Nasal Mucosal lmtauon Assessments• 

GroUD Dose 
DaY5 Dn <S Dn7 Da,· l-' 

l\!ale Fem:tle Male Female Male Female Male Fcma1e 
1 Sal..ine 0 0 0 0 0 0 0 0 
2 \'chicle 0 0 0 0 0 0 0 0.-t 
3 20 mwday 0 0 0 0 0.8 0 0 0.4 
4 160 miz/clav 0.2 0 0.4 0.4 0 0 0 0 
5 300 msr/clav 0.2 0 0.4 0.4 0.4 0 4 0.4 0 

• Results are presented as a mean score for the animals in the specijic ttt:11ment group. 

As shown in the table above, there was treatment-related nasal discharge on external 
nares as the observation increased in males and females at 160 and 300 mg/day in 
both right and left sides. According to the Pathology Report, nasal discharge correlated 
with salivation in both sexes at 160 and 300 mg/day and was not considered adverse 
because the observation was transient in nature, was observed at lower incidences in 
the control dogs and in 20 mg/day in both sexes, and the dogs were examined by the 
veterinary staff and had normal hydration, normal lung sounds upon auscultation, and 
normal gum color/capillary refi ll time. This Reviewer concurs with the conclusions of the 
Pathology Report. 

Toxicokinetics 

Blood sampling for toxicokinetics were collected on Days 1 and 14 from an appropriate 
vein according to the follow ing schedule (from the Applicant's submission): 

TK Sample Collection Schedule 
Sam1>lr Collection Ti.Iur Points 

Group (Tlmr Po~ldo~e) 011 D aYs l aod 1-' 
Xo. 0 11• I 15 min I 30 min I l b I 211 I 411 I 24 b 
All X I X I X I X I X I X I X 

X = Sample collected: nun = UlllJUte 
• Sample collected prior to adm.inistratiou of the first dose 

(b)(4) 
Blood sam12les for toxicokinetics were sent to 

The following ta6le illustrates t e oxIco inetic 
-p-a-ra_m_e_t_e-rs--th_a_t_w_e_r_e_m_e_a_s_u_re_d_ u_sin.,.-g ·PhoenixTM WinNonlin® (from the Applicant's 
submission): 
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Parameter Description of Parameter 
Cmu: TI1e maximum obse1ved concentration measured after dosing. 
Cmu/Dose Dose-nonnalized Cmax, where Dose is the total dailv dose. 
bx The time after dosing at which the maximum concentration was obse1v ed. 

AUC'ra~t (AUCdast) 
The area under the concentration vs. time ctuve from the sta1i of dose 
administration (0 h) to the time of the last quantifiable concentration. 
calculated using the linear tranezoidal method. 

AUC1a.JDose The AUC1ast divided bv the dose administered. 
flost Time oflast Quantifiable concentration 

RAuc 
Accumulation ratio based on AUC1as1, calculated as: 
AUC1..1 (Day 14)/AUC... , (Day 1) 

The following table illustrates the TK parameters results in this study with the sexes 
combined and separately (from the Applicant's submission): 

Table 1. TK Parameters of Naloxone Based on Plasma Concentrations in Dogs (Males and 
Females Combined) on Davs 1 and 1-4 

Study Dn~· 
1 

(n= l 0) 
u 

(o=lO) 

I DoseGroup 
(mg) 

Parameter Mean Mtan 

3 20 ~mu (b) 
Cmax (ng/tnL) 
IAl 1CLnt (b*ng/mL) 

0.250 (0.250-0.250) 
292 
180 

0.250 {0.250-0.250) 
232 
143 

.. 160 lmu (h) 
K'-.u: (ug/mL) 
1Al1C1a1, (h*ng/mL) 

0.375 (0.250-0.500) 
1250 
1250 

0.500 (0.250-1.00) 
758 
1130 

~ 300 t ..... (b) 

(:mu (ng/mL) 
IAPCi... (b*ng/mL) 

0.500 (0.250-1.00) 
983 

2340 

0.750 (0.250-2 .00) 
990 

2320 
Note: t_,. pr~euted as median (range) 
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Table 3. TK Parameters of Naloxone Based on Plasma Concentrations ln Dogs (Males and 
Females Separately) on Days 1 and U 

~ndu 

FtmRlf' 

(o=5) 
)IRlt 

(o=5) 

Gl'Oup I Do~ 
(mg) I Study 

Day 
Pi11·amtttr l\.fHn Mtan 

3 20 1 t,.,.. (b) 
Cmu (ng/mL) 
IAliCw, (h,.ngtmL) 

0.250 (0.250-0.250) 
297 

199 

0.250 (0.250-0.250) 
288 

161 

3 20 14 tmu (b) 
Cmu(ng/mL) 
IA.t..'.Cb11 (h*ng/mL) 

0.250 (0.250-0.250) 
198 
148 

0.250 (0.250-0.250) 
265 
138 

4 160 1 ~,au (b) 
C m.u (ng/mL) 
IAl "C1a11 (h*ng/mL) 

0.500 (0.250-0.500) 
1-100 
1430 

0.250 (0.250-0.500) 
1090 
1070 

4 160 14 ~mu (h) 
Cmn (ng/mL) 
iAl:'0..11 (h*ng/mL) 

0.250 (0.250-0.500) 
86.:J 
1120 

0.500 (0.250-1.00) 
651 

1130 

~ 300 1 t,au (b) 
(:mu (ng/mL) 
IAlTi.... (b*nglmL) 

0.SOO (0.2S0- I.OO) 
848 
1760 

0.500 (0.250-1.00) 
1120 
2920 

~ 300 14 ~IAU (b) 
Cmu (ng/mL) 
1Al:'C1a,. (b*ng/mL) 

0.500 (0.250-2.00) 
9.21 
2420 

1.00 (0.250-1.00) 

1060 
1220 

Note: t....,. presented as median (range) 

The following table illustrates the effect of sex on naloxone exposure in dogs with the 
sexes combined (from the Appl icant's submission): 

Table 4. Assessment of Sex Effect on ~aloxone Exposure .. in Dogs on Davs 1 and 14 
Parameter 

C .. u Femalt'/Male Ratio AUCi..,. F<"male/.Mal<" Ratio 
Da)· Da)· 

1 I u 1 I 14 

Group I De»<" 
(mg) 

Value 

3 

4 
5 

20 

160 
300 

1.03 

1.29 
0.758 

0.749 
l.33 

0.870 

1.24 1.07 
1.33 0.995 

0.603 1.09 
Note: Female/Male ratios based on mean Cmu and AUC1ut 

The following table illustrates the dose proportionality of naloxone exposure in dogs with 
the sexes combined (from the Applicant's submission): 
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Table 2. Assessment of Dose Proportionality of aloxone Exposure in Dogs (Males and 
Females Combined) on Days 1 and 1➔ • 

AUC1.,, Ratioc...,. Ra tio Dose Rntio 
Dose Range (High Dose/ (Hi.gb Dose/ (High Do~e/Da~· (mg) Low Dose)Low Dose)Low Dose) 

6.97-t'.!6 8.0020-160 
i.s-0.- 901.88160-300I 
13.03.36 
7.86 

15.020-300 
3.'.!78.0020-160 

1.06 1.3 ll.88160-300 14 
16.24.27 

Note: Rattos based on mean Yalues 
15.0 20-300 

After intranasal administration, naloxone was rapidly absorbed into the systemic 
circu lation and maximum plasma concentrations were observed between _0_.25O h arid 
0.500 h on Day 1 and between 0.250 hand 0.750 h on D~y 14 .. • · • • • • 

Total exposure to naloxone (AUG,ast) increased in a proportional manner with an 
increase in dose from 20 to 300 mg/day. For AUC1ast, there was a 15.0-fold increase in 
dose _from 2G rrig· to 300 mg/day which resulted in a 13.0-fold increase on Day 1 and a 
•1'6'.2-fold increase on Day 14. The proportional increase over the 20 to 300 mg/day 
dose range was also apparent in the relatively flat slope of the regression line in the 
AUC1astlDose vs Dose plots. Mean ratios of AUC1ast for Day 14/Day 1 ranged frqrn .0-.91-3' • 
to 1.31 , indicating little to no accumulation during multiple dosing. _.. - · • • • 

With the exception of Cmax after 160 mg/day naloxone, mean Cmax values were 
similar on Days 1 and 1_4_. On-Day 1, mean Cmax ranged from 292 ng/ml after 20 
mg/day to .1250 ng/rri l after 160 mg/day and on Day 14, mean Cmax ranged from 232 

. ng/mL after 20 mg/day to 990 ng/ml after 300 mg/day. 

Maximum exposure to naloxone (Cmax) increased in a less than proportional manner .. 
with an increase in dose from 20 to 300 mg/day. For Cmax, a 15.0-fol_d_ increase ,n· dose 
from 20 mg to 300 mg/day resu lted in only a 3.36-fold in~re.ase on ·Day 1 and a 4 .27-fold 
increase on Day 14. The less than proporti9nal increas·e over the 20 to 300 mg/day 
dose range was also apparent in .the negative slope of the regression line in the 
Cmax/Dose vs Dose pfots. His notable that inter-animal variability in Cmax/Dose after 
20. mg/day is· greater than that reported for the mid and high naloxone doses and the 
t ~ax reported across groups varied with dose. A sl ight delay in tmax reported for the high 
dose group may be a function of extended drug delivery rather than a delay in drug 
absorption. As stated previously, plasma samples were collected at times when dosing 
was still ongoing and tmax and Cmax values may not be comparable across dosing 
groups, therefore, an assessment of dose proportionality •f6r· Cmax may not be 
meaningful; tmax and Cmax val~E:s. ~hould be fnterpreted with caution. 

Although .dmererice·s in the TK parameters between males and females were present, 
•no consistent sex-related trends in naloxone exposure were observed across naloxone 
doses and study days. In general, the trends noted for combined data (males and 
females) were observed when the data were stratified by gender . 
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Based on Female/Male (F/M) ratios of mean AUC1ast and Cmax, differences in the TK 
profi le of naloxone were observed between genders, but the differences were not 
consistent across dose level or study day. RAUC1ast (F/M) ranged from 0.603 to 1.33 
and Rcmax (F/M) ranged from 0.749 to 1.33. 

Dosing Solution Analysis 

As the Appl icant supplied the naloxone formulation and vehicle control as well as 
actuators, the Appl icant provided documentation on the identity, strength, purity, 
composition, and stabil ity for the naloxone formulations and vehicle control. No dosing 
solution analysis was performed at the testing facil ity on the naloxone formulation and 
vehicle control. Analysis of the saline control was performed at the testing facility. 

Study title: A 28-day Study of Naloxone HCI by Intranasal Administration in 
Rats with a 19-day Recovery Period 

Study no.: 20246992 
Study report location: EDR link 

Conducting laboratory and location: --====---------<bll"1 

Date of study initiation: May 13, 2020 
GLP compl iance: Yes. Signature provided on September 

17, 2021. 
QA statement: Yes. Signature provided on September 

17, 2021. 
Drug, lot#, and % purity: Naloxone HCI (blll mg/ml); Lot No. 

NBDEV070-183; 101 % pure (provided 
from Summit Biosciences Inc.) 

Key Study Findings 

• Sprague Dawley rats were administered sal ine control , vehicle control , 1.8 
mg/day naloxone, 18.2 mg/day naloxone, 36.4 mg/day naloxone, or 36.4 mg/day 
naloxone with degradants intranasally for 28 consecutive days followed by a 19-
day recovery period (no treatment). 

• The rat doses are expressed as mg/day. Using an average rat weight of 0.325 
kg, these doses can be expressed as mg/kg/day. As such, the rat doses are 5.54 
(1.8/0.325 = 5.54), 56 (18.2/0.325 = 56), 112 mg/kg/day (36.4/0.325 = 112), and 
112 mg/kg/day with degradants, respectively. 

• Nasal irritation in nasal cavity and find ings in its surrounding tissues were 
observed at doses of 18.2 mg/day and above. An acceptable LOAEL is the high 
dose of 36.4 mg/day after instillations twice daily per nostril, which resu lts in a 
concentration margin of 1 x as the concentration of naloxone HCI used in this 
study and in the clinical formulation are both <bll.ill mg/ml. Microscopic findings 
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present in HD rats were sl ightly increased in incidence but minimal in severity 
and were absent after the recovery period. 

• A systemic NOAEL was the high dose of 36.4 mg/day or 112 mg/kg/day based 
no treatment-related microscopic effects outside of the nasal cavity and its 
surrounding tissues and is equivalent to 1084 mg HED, which confers an 
exposure margin of 54x based on a body surface area comparison using an 
average human weighing 60 kg. 

• The effects of the degradants ---------------.<bll.il with 
high dose naloxone were not worse than high dose naloxone alone. 

Methods 
Doses: 

Frequency of dosing: 

Route of administration: 
Dose volume: 

FormulationN ehicle: 

Species/Strain: 
Number/Sex/Group: 

Age: 
Weight: 

Satell ite groups: 
Unique study design: 

Deviations from study 
protocol: 

Saline control , vehicle control , 1.8, 18.2, 36.4, 
and 36.4 (with degradants) mg/day 
Twice daily (sal ine and vehicle controls, high 
dose and high dose with degradants; 4 h apart) 
or once daily (low- and mid-dose) for 28 
consecutive days 
Intranasal 
400, 400, 20, 200, 400, and 400 mcl/day total 
volume, respectively 
0.9% sal ine control ; Naloxone HCI placebo 
vehicle control provided from the Appl icant 
Rats/Crl:CD(SD) Sprague Dawley rats 
10/sex/group (main study); 5/sex/group 
(recovery); 3/sex/group (toxicokinetics controls); 
6/sex/group (toxicokinetics Groups 3-6) 
8 weeks old at dose initiation 
189 to 321 g for males and 166 to 232 g for 
females at dose initiation 
Toxicokinetics groups 
The main study and recovery study as well as 
the toxicokinetics study contains Group 6, which 
is the naloxone formulation with degradants (see 
table below). An olfactory functional assessment 
was included in this study. 
Deviations did not affect the interpretation of the 
results in this study 

The following table illustrates the study design of the main study and recovery groups 
(from the Appl icant's submission): 
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Text Table 8 
Experimental Design - Ma.in and RecoYery 

Dose Animal Numbers 
Lenl Dose Dose :vlain Reconry 
1\loxone Volume" Total Conrf'ntnirion Study Study 

Group Tesf BCI (µUnostriV Volume Naloxonl' HCI 
No. M11tt> ri1d Doses/uosti-ll/day• (mi/dav) dose) luL/day (m 2'mL) M F M F 

1 
Saline 

2 0 100 400 0 
1001- 1501- 1011- 1511-

Controt• 1010 1510 1015 1515 

2 
Vehicle 

2 0 100 400 0 
2001- 2501- 2011 - 2511-

Controld 2010 2510 2015 2515 
I 

(ti)(4 
3001· 3501-3• SN(7032) 1 1.8 10 '.?O 
3010 3510 - -

4• SN(7032) l 18.2 100 200 
4001- 450] -
4010 4510 - -

s• SN(7032) 2 36.4 100 400 
5001 - 5501- 5011- 5511-
5010 5510 5015 5515 

SN(7032)- I 
(bTW 

d 2 36.4 100 400 
·1+ 6001- 6501- 6011- 6511-

SPU degradants 6010 6510 6015 6515 
M = Males. F = Females: - = Not applicable. 
a Because of dosing volume considerations. Groups 1. 2. 5, and 6 animals were dosed twice daily and Gmups 3 

and 5 were dosed once daily from Days 1 to 28/29. 
" Dose volume was administered into each nostril. 
• 0.9% Sodiwn Chloride for Injection. USP. 
d SN(7032) Vehicle Placebo (clinical formulation without naloxone API). 
• Groups 3 to 5 were low. medium. and high doses of the clinical fommlation. 
f Group 6 was the clinical fonnufation including degradants produced dw-ing aging. 

It is noted that Groups 3 and 4 (low- and mid-dose naloxone dose groups) were not 
included in the recovery phase. The rat doses are expressed in mg/day and did not 
consider the weight of the rats. When considering the rat weights (average of 0.325 kg 
from the body weight data), these doses are 5.54 (1.8/0.325 = 5.54), 56 (18.2/0.325 = 
56), 112 (36.4/0.325 = 112) mg/kg/day, and 112 mg/kg/day with degradants, 
respectively. These values are used to calculate a Human Equivalent Dose (HED), 
which are 53.6, 542, 1084, and 1084 with degradants mg/kg/day, respectively, and 
confers margins based on HED body surface area of 2.7x, 27x, 54x, and 54x with 
degradants, respectively, using the maximum daily dose of 20 mg/day of the proposed 
product. 

The following table illustrates the study design of the toxicokinetics groups (from the 
Applicant's submission): 
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Text Table 9 
Experimental Desittn - Tox.icoki.11etic 

Group Test 
No. Mater ial 

Saline 
I Control< 

Vehicle 
:? Controld 

.)~ SN(7032) 

4 ~ SN(7032) 

s~ SN(7032) 

6f SN(7032)-
SPU 

Dose Level Dose 
Nalo:rone Volumeb Total 

HCI (i•LJnosttil/ Volume 
Doses/nostril/da,.a (m2'dav) dose) (uL/day) 

2 0 100 400 

2 0 100 400 

l 1.8 10 20 

l 18.2 100 200 

2 36.4 100 400 

2 36.4 100 400 

Animal 
Dose Nwnbers 

C'ouceutrntiou T oxicokinetir 
Naloxone HCI Study 

(m~/mL) Males Females 

0 
1016- 1516-
1018 1518 

0 
2016- 2516-
2018 2518 

(ti)(4 3011-
351 1-

3015. 3516
3116 
4011- 4511-
4016 4516 
5016- 5516-
5021 5521 

(b)(4~ 6016- 6516-
degradant~ 6021 6521 

• Because ofdosmg volume cons1deratJons. Groups 1, 2, 5. and 6 awmals were dosed twice daily and Groups 3 
and 5 were dose once daily from Days 1 to 28/29. 

b Dose volume was administered into each nostril. 
c 0.9% Sodium Chloride for Injection. USP. 
4 SN(7032) Vehicle Placebo (clinical fo1mulation without naloxone API). 
e Groups 3 to 5 were low. medium. and high doses of the clinical fommlation. 
f Group 6 was the clinical fommlation including degradants produced duiing ag.in~. 

As shown in the table above, the rat doses are expressed in mg/day. Using an average 
rat weight of 0.325 kg, these doses can be expressed in mg/kg/day. As such, the rat 
doses are 5.54 (1.8/0.325 = 5.54), 56 (18.2/0.325 = 56), 112 (36.4/0.325 = 112) 
mg/kg/day, and 112 mg/kg/day with degradants, respectively. 

Group 6, which is the naloxone formulation c:::l mg/ml) with degradants, of which the 
concentration of each degradant is illustrated in the following table (from the Applicant's 
submission): 

Text Table 3 
SN(7032)-SPU Degradant - Concentrations 

_ _,,.,_,. (1 03.U~l!.{;.JlPJ!rnditn,t ' ,______;,Con~entl.'_ation (m2[mLJ~1':·_, _.____----'c_o.nc._en.tr.a.ti.onJ..__.011..,._,\ 
(II) (<J) 

Group 6 (36.4 mg/day naloxone with degradants) was administered using a total daily 
volume of 400 mcl/day. At a concentration of 0.34 mg/ml and using the daily volume of 
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(ti)(4~ 400 mcl/day, the exposure tg ~ 
fFor the conversion to a 

human dose, an average rat weight from this _studY is 0.325 kg is used, which confers 
an exQosure to ____ ...-----.--.-...--, (lif ~ 

. TnIs confersa):iuhlan e uIva enta ose (FfEDJ oT4.0o::ffig] (b 

Observations and Results 

The following table illustrates the in-l ife observations performed during t_his-sludy (from 
the Appl icant's submission): --

Text Table 10 
General In-life Assessments 

Frt>quenr~-
Pnrnmete1· Pooulntion(s) (minimum required) Comments 

Mortali ty All Main. RecoYery. At least twice daily' (rooming and afternoon) Animals were obsen·ed within 
and Toxicokineric beginning upon arri,·al through tennination. their cage unless remo,·al was 

Study animals necessaiy for identification or 
confinnalion of possible 
frndings . 

Cnge Side All Main. RecO\·ery. At least once daily: from Week -1 and Animals were observed within 
ObserYnrtoos and T oxicokinetic throughout rhe srudy (for de,·iation. see their cage tmless removal was 

necessa1y for identification orAppendix I). Cage side obsen·ations were not 
required on the days ofdetailed clinical 

Sn,dy animals 
confirmation of possible 

obsen·ations dming tJ1e pretreatment (prior to findings. 
Day I) and recovery periods. when a postdose 
obsen·ation WM recorded. or on the day of 
scheduled euthanasia. 
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Postdose All Main and At least twice daily during the dosing period; Animals were observed within 
Observations Recove1y Study 

animals 

prior to the first daily dose (for deviation. see 
Appendix 1) and 1 to 3 hours post each daily 
dose (for deviation, see Appendix 1). 

their cage unless removal was 
necessa1y for identification or 
confinnation ofpossible 
findings. 

Detailed 
Clinical 
Observations 

All Main and 
Recovery Study 

animals 

At least once weekly: from Week -1 and 
throughout the study. 

Animals were removed from 
the cage. 

Individual All Main. Recovery. At least once weekly: from Week -1 and A fasted weight was recorded 
Bo cly and Toxicokinetic throughout the study. for main and recovery study 
Weights Study animals animals on the clay of 

scheduled euthanasia. Body 
weights were not c.o!lected 
from animals euthanized 
moribund. 

Food 
Consumption 

All Main and 
Rec0Ye1y Smdy 

animals 

Weekly: from at least Day 1 and throughout 
the snidy (for deviation. see Appendix 1). 

Quantitatively measured. 
except for on the clay of 
scheduled euthanasia. 

a Except on days ofreceipt and euthanasia where frequency was once daily. 

Mortality 

There was an unscheduled sacrifice (Animal No. 5503) in 1 female from Group 5 (high 
dose naloxone ). A uterine mass consistent with an endometrial stromal polyp was 
interpreted as the underlying cause of clinical signs (red fur staining at the urogenit ial 
area and liquid red material present in the urogenital area as well as in the cage) and 
hematology (markedly low erythrocytes, hemoglobin, and hematocrit that was 
consistent with bleeding) and was considered to be unrelated to naloxone-treatment, 
according to the Pathology Report. This Reviewer concurs with the conclusions of the 
Pathology Report. 

Clinical Signs 

Clinical signs observed during the dosing and recovery phases were consistent with 
background find ings in th is age and strain of rats (e.g., thin fur cover and skin scabs), 
related to stress of dosing (e.g ., red staining of the fur), and/or were seen across control 
and naloxone treatment groups and were, therefore, not considered treatment-related 
according to the Pathology Report. This Reviewer concurs with the conclusions of the 
Pathology Report. 

Body Weights 

There were no treatment-related changes in absolute body weights in both males and 
females during the dosing and recovery phases. 

In males, there was a decrease in the body weight gains during the last week of the 
dosing period (Days 22-28) in the 36.4 mg/day dose group by 21.6% compared to 
vehicle control but not compared to sal ine control. There were no treatment-related 
changes in body weight gain during the entire dosing period (Days 1-28), recovery 
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period (Days 28-46), or study (Days 1-46). In the 36.4 mg/day with degradant group, 
there were decreases in the body weight gain during the last week of the dosing period 
(Days 22-28) by 38.5% compared to the vehicle control and there were increases during 
Days 28-36, 36-43, and 28-46 by 47.1, 47, and 37.1%, respectively, compared to 
vehicle control as well as by 30.6 and 21.3% compared to the 36.4 mg/day dose group 
during Days 28-36 and 28-46, respectively. 

In females, there was an increase in body weight gain during Days 15-22 by 71.9% in 
the 36.4 mg/day with degradant dose group compared to the 36.4 mg/day dose group. 
There were decreases in the body weight gain during Days 22-28 in the 36.4 mg/day 
with degradant dose group by 1788% compared to vehicle control and by 305% 
compared to the 36.4 mg/day dose group; however, there were no treatment-related 
changes during the entire dosing period (Days 1-28). 

In the Pathology Report, the changes in body weight gains were not toxicologically 
meaningful due to the degree of these differences. This Reviewer concurs with the 
conclusions of the Pathology Report. 

Food Consumption 
In males, there were decreases in food consumption on Days 1-8, 8-15, and Days 22-
28 by 10.6, 8.01, and 6.22%, respectively, compared to vehicle control during the 
dosing period with no such changes compared to the saline control. There were 
increases in food consumption on Days 36-43 and 43-46 by 7.75 and 3.61%, 
respectively, compared to vehicle control during the recovery period with no such 
changes compared to saline control. Food consumption in the 36.4 mg/day with 
degradant dose group was decreased on Days 22-28 by 7.54% compared to vehicle 
control during the dosing period and were increased on Days 28-36, 36-43, and 43-46 
by 9.38, 8.01, and 13.3%, respectively, compared to vehicle control during the recovery 
period with increases by 6.46, 0.238, and 9.33%, respectively, compared to the 36.4 
mg/day dose group. 

In females, food consumption in the 36.4 mg/day dose group was decreased by 12.7% 
compared to the vehicle control on Days 1-8 during the dosing period. Food 
consumption on Days 1-8 during the dosing period was increased in the 36.4 mg/day 
with degradant dose group by 17.5% compared to the 36.4 mg/day dose group with no 
such changes compared to the vehicle control. 

In the Pathology Report, changes in food consumption corresponded to differences in 
body weight and body weight gains and were not toxicologically meaningful due to the 
degree of difference and similarities to the saline control groups. This Reviewer concurs 
with the conclusions of the Pathology Report. 

Ophthalmoscopy 
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Ophthalmological exams were performed once during pretreatment (Day -4) and during 
the last week of dosing (Day 26). There were no treatment-related changes in the 
ophthalmoscopic examinations. 

ECG 

An ECG was not performed. 

Hematology 

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

Text Table l1 
Sample~ for Clinical Pathology EYaluatiou 

G1·oup Nos. Time Point Hemntolo~ · Coagulation 
Clinical 

Chemista•y 1.Trinalysis 
lto6• Day29/30 X X X 

X 

X 
1, 2.5,6 

(Reco\·ery study 
animals only) 

Day47 X X X 

Unscheduled euthauai;ia X X X -
Fastlngb: . - Min. of4 hrs. Min. of 4 lu"&. 

Urine was 
collected by 

urine collection 
cages containing 

an altemate 
water source. 

~ethod/Comments: 
Venipuncture of 
the V eua Cavac 

Venipuncrure of 
the Vena Cavac 

Veuipuncture of 
the Vena Cavac 

Tar1?et Volume (mL): 2 1.8 2 . 
. 
. 
. 

Anticoa,,rnlant: (K.2) EDTA Sodium citrate None 
Special Requirements: - - . 

Processing: None Plasma Serum 
X = Sample collected; · =Not applicable; Min.= Minimum; hrs. = hours. 
• Samples were only collected from those animals scheduled for euthanasia on Day 29/30. 
b For schechded collection only. 
~ Collected under isoflm-aue anesthesia. 

The following hematology and coagulation parameters were measured (from the 
Applicant's submission): 
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Text Table 12 
Hematology Parameters 

Red blood cell count \Vhite blood cell count 
Hemoglobin concentration Neutrophil count (absolute) 

Hematocrit Lymphocyte count (absolute) 
M ean c.011,usc.ular volume Monocyte count (absolute) 

Red blood cell distribution width Eosinophil count (absolute) 
Mean cotpuscular hemoglobin concentration Basophil count (absolute) 

Mean co1puscular hemoglobin Large unstained cells (absolute) 
Reticulocyte count (absolute) Other cells (as appropriate) 

Platelet count 

Text Table 13 
Coagulation Parameters 

Activated partial thromboplastin time Prothrombin time 
Fibrinogen Sample quality 

The following table illustrates the changes in hematology and coagulation at the end of 
the dosing period (data from the Appl icant's submission): 

Observation Saline 
Control 

Vehicle 
Control 

1.8 
mg/day 

Naloxone 

18.2 
mg/day 

Naloxone 

36.4 
mg/day 

Naloxone 

36.4 
mg/day 

Naloxone 
wt 

Degradants 
Dosing Period (Day 29/30) 
Males 
WBC (103/mcl ) 6.765 7.628 8.179 7.868 10.2028 

(33.7%) 
7.851 d 

(-23.0%) 
Lymphocyte (103/mcl ) 5.293 6.249 6.464 6.261 8.4078 

(34.5%) 
6.245d 

(-25.7%) 
Eosinophil (103/mcl) 0.046 0.054 0.060 0.053 0.081 8 

(50.0%) 
0.064 

a = Significantly different from vehicle control (p :::: 0.05) with the T-test 
d = Significantly different from the 36.4 mg/day group (p :::: 0 .05) with the T-test 

In males, there were increases in white blood cells (WBC), lymphocytes, and 
eosinophils by 33.7, 34.5, and 50%, respectively, in the 36.4 mg/day dose group 
compared to vehicle control at the end of the dosing phase. There were decreases in 
WBC and lymphocytes by 23.0 and 25.7%, respectively, in the 36.4 mg/day with 
degradants dose group compared to the 36.4 mg/day dose group at the end of the 
dosing phase; however, these changes were not different compared to either the sal ine 
or vehicle controls. These changes likely indicate immune responses to the nasal 
irritation of the test compound . 
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There were no further treatment-related changes in hematology at the end of the dosing 
period in males. There were no treatment-related changes in hematology in females at 
the end of the dosing and recovery periods. 

In the Pathology Report, these changes were not considered treatment-related due to 
biological variation, inconsistency of the changes, their low magnitude, and/or lack of a 
dose response. 

There were no treatment-related changes in coagulation in males and females at the 
end of the dosing period. 

The following table illustrates the changes in coagulation in males at the end of the 
recovery period (data from the Applicant’s submission): 

Observation Saline Vehicle 36.4 36.4 mg/day
Control Control mg/day Naloxone w/

Naloxone Degradants 
Recovery Period (Day 47) 
Males 
APTT (sec) 16.72 14.70 17.30 14.28d 

(-17.5%)
   d = Significantly different from the 36.4 mg/day group (p ≤ 0.05) with the T-test 

There was a decrease in APTT by 17.5% in the 36.4 mg/day with degradants dose 
group compared to the 36.4 mg/day dose group in recovery males; however, these 
changes were not different compared to either the saline or vehicle controls and are 
within normal ranges (Derelanko, 2008). There were no further treatment-related 
changes in coagulation in recovery males. 

There were no treatment-related changes in coagulation in recovery females. 

In the Pathology Report, the changes in coagulation are not considered toxicologically 
relevant. 

This Reviewer concurs with the conclusions of the Pathology Report regarding the 
hematology and coagulation parameters. 

Clinical Chemistry 
The following clinical chemistry parameters were measured (from the Applicant’s 
submission): 
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Text Table 14 
Clinical Chemistiy Parameters 

Alanine aminotirnnsferase Total protein 
Aspartate aminotransferase Albumin 

Alkaline phosphatase Globulin ( calculated) 
Gamma-glutamyltransferase Albumin/globulin ratio 

Creatine kinase Glucose 
Total bilirubin Cholesterol 
Urea nitrogen Triglycerides 

Creatinine Sodium 
Calcium Potassimn 

Phosphorus Chloride 
Sample quality 

There were no treatment-related changes in clinical chemistry during the study. 

Urinalysis 

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

Text Table 15 
Urinalysis Parameters 

Color Protein 
Appearance/Clarity Glucose 

Specific gravity Bilirnbin 
Volume Ketones 

pH Blood 

There were no treatment-related changes in urinalysis during the study. 

Gross Pathology 

On the day of scheduled sacrifice for the treatment and recovery periods on Day 29/30 
and Day 47, 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): 

serva 10n ay 

Naloxone Naloxone Naloxone w/ 
Degradants 

. mg 
mg/day mg/day mg/day Naloxone 

0/10 0/10 0/10 0/10 2/10 0/10 
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--Discoloration, dark 
Females 
Thymus 

2/10 0/10 0/10 1/10 0/10 4/10 

--Focus, dark 0/10 0/10 1/10 3/10 1/10 1/10 
--Discoloration, dark 0/10 1/10 0/10 1/10 0/10 0/10 
Recovery Period (Day 47) 
Males 
Thymus 
--Focus, dark 0/5 0/5 -- -- 1/5 1/5 
--Discoloration, dark 0/5 1/5 -- -- 0/5 0/5 
Females 
Thymus 
--Focus, dark 0/5 0/5 -- -- 0/5 0/5 
--Discoloration, dark 0/5 0/5 -- -- 0/5 0/5 

In the thymus, dark focus was noted in the male 18.2 mg/day naloxone dose group 
(2/10) as well as in all the female naloxone groups (1/10, 3/10, 1/10, and 1/10 in the 
low-, mid-, high-, and high dose with degradants, respectively) compared to none in 
either control group (saline and vehicle). Dark focus in the thymus at the end of the 
recovery period was observed in 1/5 rats each in the male high dose and high dose with 
degradants dose groups compared to none in either control. Dark focus in the thymus 
was not observed in the recovery females. Dark focus in the thymus was not present in 
the recovery naloxone treatment groups. 

Dark discoloration of the thymus at the end of the dosing period was observed in 1/10 
each from the 18.2 mg/day naloxone dose group in males and females as well as 4/10 
males from the high dose with degradants dose group compared to 2/10 in the male 
saline control and 1/10 in the female vehicle control. 

There were no direct microscopic correlate for these macroscopic changes in the 
thymus in females. In males, the microscopic finding in the thymus (minimal increased 
apoptosis in the lymphoid tissue of the cortex) was observed in lower incidence in the 
high dose with degradants dose group (1/10 rats) and as such, is not likely correlated. 
In the Pathology Report, the gross findings observed at the end of the dosing and 
recovery phases were considered incidental, of the nature commonly observed in this 
strain and age of rats, and/or were of similar incidence in control (saline and vehicle) 
and treated rats, and therefore, were not considered treatment-related. 

This Reviewer concurs with the conclusions of the Pathology Report. 

Organ Weights 
The following organs were weighed (from the Applicant’s submission): 
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Text Table 20 
Organs Weighed at Necropsy 

' ' 
Brain 

Epididymis• 
Gland. adrenal• 
Gland. pituitary 
Gland. prostate 

Gland. thyroid/Gland. parathyroid• 
Heart 

• Paired orgai1 weight. 

Kidney• 
Li\·er 

On1-y.a 
Spleen 
Testis• 

Thymus 
Uterus/CerYix 

...There were no treatment-related changes in absolute organ weights and organ-to-brain­
weight ratio in th is study. 

There were no treatment-related changes in the organ-to-body-weigh~ r_atio in- males in 
th is study. • • 

The following table illustrates the changes in the organ-to-body-weight ratio in females 
at the end o~ ~h_e.dosing·period (data from the Appl icant's submission): 

~ - • • •• .- : organ-fo~Body-Weight . ~aJine • • .V~bicle • ', , 1.8 • • ' , ,18.2 • • ' , ,36.4 • • ' , , 36.4 • ' • . ... • • • • 
• , , , • • • • Ratio .... • • • .' .Control' .' ,Control ' •. ,mg/day · •. ,mg/day • •. 111g/day • • .n;ig/day· • • 

, , , • • • . . • • • • , , , • • • , , , • • • Nalo:Xone' Nalo:Xone' Nalpxone • • Nal9xone • • 
, , , , , ......•.. , , , , , , , , , , , . . , . , , , , . . , , . , , . , , . . • • w/ , . , , , , 

. • . ' ' ' ' ' ' ' ' . ' Degradants ' 
' 

. 
' '::. : : • Adr~na.l ~ larid 

• • . . . , , , , , , , 

0 

,( 
0/4} 

, 
' 
, 

·, 
, 

' 
, 

' 
, 

·, ·, ' 0:02459 '' 
, , , , , 

,0.02549' 
. . . . . 

'_·0.02~35· 
• . , , 

•• 0.025~4 
. , , 

' ' 0.02851 8 

11 '.4 a o1. \ , 
0.02691 . 
, , , , , 

' 
, 

' 
, 

' 
, 

' 
, 

' 
, 

'' 
, 

' ' ' 
. . . 

. . ' ' ' ' ' ' . . • t - -I - \8#, ' ' 

•. , . . 
' ' 

• • • •. 
, , , 

, Pituitary· Glapd (.%) • • • • ... . 0.0064~ .. 0.00679 • 
, , , . . . . . 

' ' . • ' . . 
0.00656 o.o,01;iao. 

, , 
1 ' 

, • o.9Q'761 
, . 

' ' 

, • ·o,:Qb628l> • • •.. 
, , t 1]. a o1 ) . • 

' ,·-~ - ~ 
, • .. , • • • ·_·_Thymus {%~-.".". • • • • • • 0.16740 ,0,17043· • ,'Q:1.8723· • ,' Q.156•15 • •. Q.13:r77'8 • •• ·.o·.1686~c •. •. •. •. , • 

• ' ' ' ' ' • ' ' ' ' ' ' ' ' ' ' ' ' (-19 ·2%) • (22 4°~) ' 
a= significantly different from the vehicle control p s 0.05 (T-test) 
b = significantly different from the 36.4 mg/day dose group p s 0.01 (T-test) 
c = significantly different from the 36.4 mg/day dose group p s 0.05 (T-test) 

In females, there was an increase in th_e_adrenal grand-to-body-weight ratio by 11.8% in 
the 36.4 mg/day naloxon~ group cotripared to vehicle control. There was a decrease in 
the pituitary _g_land-to.:body-weight ratio by 17.8% in the 36.4 mg/day naloxone with 

. degradarits dose group compared to the 36.4 mg/day naloxone dose group. There was 
a decrease in the thymus-to-body-weight ratio by 19.2% in the 36.4 mg/day naloxone 
dose group compared to vehicle control. Moreover, there was an increase in the 
thymus-to-body-weight ratio by 22.4% in the 36.4 mg/day naloxone with _degradants· 
dose group compared to the 36.4 mg/day naloxone dose _group that was not different 
from the vehicle control group. These ch~~ge_s.were without any microscopic correlates. 

There were no tr~atment-related changes in the organ-to-body weight ratio in females at 
thE;! end of the ·recovery period . 

In the Pathology Report, there were no patterns, trends, or correlating data to suggest 
that the changes in the organ weight parameters (absolute organ weight,_~rg~n-to-body"-
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weight ratio, organ-to-brain-weight ratio) were toxicologically relevant and as such, they 
were considered incidental and/or related to difference of sexual maturity and not 
treatment-related. 

This Reviewer concurs with the conclusions of the Pathology Report. 

Histopathology 

Adequate Battery 
The following tissues were collected and preserved from the necropsy and then 
examined microscopically (from the Appl icant's submission): 

Text Table 21 
Tissue Collection and Presen-ation 

Animal identification• L~e intestine. cecum 
Artery, aorta Large intestine. colon 

Body cavity, nasalb Large intestine. rectum 
Bone marrow. stemum Larynx 
Bone marrow smear Liver 

Bone. femur Lung 
Bone. stemwn Lymph node. b-acheobrondlial 

Brain• Lymph node. mandibular 
Epididym.isd Lymplt node, mesenteric 
Esopha[t'US Muscle. skeletal 

Eyed Netve. optic4 

Ganglion. dorsal root lumbarl Netve. sciatic 
Gland. adl'enal Nerve, tibial" 
Gland. clitoral• Ovary 

Gland. lacri.mal" Oviducr-
Gland. Harderian Pancreas 
Gland. mammary Skin 

Gland. pa.ratbyroLd Small intestine. duodenum 
Gland. pituitary Small intestine. ileum 
Gland. preputiaP Small intestine. jejunum 
Gland. prostate Spinal cord 

Gland. salivary. submaudibuJar Spleen 
Gland. salh·BJ)', sublingual" Stomach 

Gland. salivary, parotid• Testisd 
Gland. seminal vesicle Thymus 

Gland. thyroid T~ue 
Gland. Zymbal 's" Trachea 

Gut-associated lymphoid tissue• Ureter" 
Hean Urinary bladder 

foint femorotibial Uterus/Cervix 
Kidney Vniina 

• Tissues were collec1ed and preserved but were oot lustologically processed or microscopically evaluated. 
" Included uasopharyn:t and oropharynx (processed mto 4 sections for evaluation) 
• Two bone marrow smears were prepared from each euthanized animal (not refrigerated prior 10 necropsy) and 

air dried. Bone marrow smears wet'e not fixed in fonnalin or evaluated. 
' Eyes and optic ner11:s were preserved in Davidson's fixative. Testes and epididymjdes were preserved in 

Modified Davidson• s fixative. 
6 From small intestine: Peyer's patch or solitary lymphoid follicle. 
• Brain processed into 7 sections for evaluation. 

This is an adequate set of tissues for histopathology. 
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Peer Review 
Yes 

Histological Findings 
The following table illustrates the microscopic changes in, and in associated with, the 
respiratory tract at the end of the dosing period in males and females (data from the 
Applicant’s submission) 

Observation Saline Vehicle 1.8 18.2 36.4 36.4 mg/day
Control Control mg/day mg/day mg/day Naloxone w/

Naloxone Naloxone Naloxone Degradants 
Dosing Period (Day 29/30) 
Males 
Body Cavity, Nasal 
--Inflammation, neutrophilic; 
olfactory epithelium

 Minimal 0/10 0/10 0/10 0/10 2/10 0/10 
--Infiltration, neutrophilic; 
olfactory epithelium

 Minimal 0/10 0/10 0/10 1/10 3/10 0/10 
--Erosion/ulcer; olfactory 
epithelium

 Minimal 0/10 0/10 0/10 0/10 2/10 3/10
--Infiltration, lymphocytic; 
olfactory epithelium

 Mild 0/10 0/10 0/10 0/10 0/10 1/10
--Degeneration; olfactory 
epithelium

 Minimal 0/10 0/10 0/10 1/10 1/10 0/10 
Lung 
--Mineralization; vascular

 Minimal -- 2/10 -- -- 8/10 6/10
--Infiltration, mixed cell; 
perivascular

 Minimal -- 0/10 -- -- 1/10 0/10
 Mild -- 0/10 -- -- 0/10 0/10 

--Alveolar macrophages, 
increased

 Minimal -- 0/10 -- -- 0/10 0/10 
--Metaplasia; osseous

 Minimal -- 0/10 -- -- 0/10 1/10 
Lymph Node, Mandibular 
--Cellularity, increased; 
lymphoid, medullary sinus

 Mild -- 0/10 -- 0/1 0/10 0/10 
--Cellularity, increased; plasma 
cell; medullary sinus

 Mild -- 3/10 -- 0/1 5/10 3/10
 Moderate -- 0/10 -- 1/1 0/10 0/10 

--Congestion; medullary sinus
 Minimal -- 1/10 -- 0/1 0/10 1/10 

Lymph Node, Tracheobronchial 
--Pigmented macrophage; 
medullary sinus 
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 Minimal -- 3/10 -- -- 1/10 0/10 
--Congestion; medullary sinus

 Minimal -- 0/10 -- -- 0/10 1/10 
--Cellularity, increased; 
lymphoid, germinal center

 Minimal -- 0/10 -- -- 1/10 1/10
 Mild -- 1/10 -- -- 0/10 0/10 

Females 
Body Cavity, Nasal 
--Inflammation, neutrophilic; 
olfactory epithelium

 Minimal 0/10 0/10 0/10 0/10 0/9 0/10 
--Infiltration, neutrophilic; 
olfactory epithelium

 Minimal 0/10 0/10 0/10 0/10 0/9 1/10
--Erosion/ulcer; olfactory 
epithelium

 Minimal 0/10 0/10 0/10 0/10 0/9 0/10 
--Infiltration, lymphocytic; 
olfactory epithelium

 Mild 0/10 0/10 0/10 0/10 0/9 0/10 
--Degeneration; olfactory 
epithelium

 Minimal 1/10 0/10 0/10 2/10 0/9 0/10 
Lung 
--Mineralization; vascular

 Minimal -- 2/10 -- -- 4/9 5/10
--Infiltration, mixed cell; 
perivascular

 Minimal -- 1/10 -- -- 1/9 2/10
 Mild -- 0/10 -- -- 0/9 1/10

--Alveolar macrophages, 
increased

 Minimal -- 0/10 -- -- 2/9 1/10
--Metaplasia; osseous

 Minimal -- 0/10 -- -- 0/9 0/10 
Lymph Node, Mandibular 
--Cellularity, increased; 
lymphoid, medullary sinus

 Mild -- 1/10 -- -- 0/9 0/10 
--Cellularity, increased; plasma 
cell; medullary sinus

 Mild -- 1/10 -- -- 0/9 2/10
 Moderate -- 0/10 -- -- 0/9 0/10 

--Congestion; medullary sinus
 Minimal -- 0/10 -- -- 0/9 0/10 

Lymph Node, Tracheobronchial 
--Pigmented macrophage; 
medullary sinus

 Minimal -- 4/10 -- -- 3/10 3/10 
--Congestion; medullary sinus

 Minimal -- 2/10 -- -- 1/10 1/10 
--Cellularity, increased; 
lymphoid, germinal center

 Minimal -- 0/10 -- -- 0/10 0/10
 Mild -- 0/10 -- -- 0/10 0/10 
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In the nasal cavity, signs of nasal irritation and healing (inflammatory response) were 
observed in the 18.2 and 36.4 mg/day naloxone dose groups as well as the 36.4 
mg/day naloxone with degradants and includes minimal neutrophilic inflammation, 
minimal neutrophilic infiltration, minimal erosion/ulcer, and mild lymphocytic infiltration of 
the olfactory epithelium in males and minimal neutrophilic infiltration of the olfactory 
epithelium in the female 36.4 mg/day naloxone with degradant dose group. Moreover, 
minimal degeneration of the olfactory epithelium was observed in 1/10 males and 2/10 
females in the 18.2 mg/day naloxone dose groups and 1/10 in the male 36.4 mg/day 
naloxone dose group with 1/10 females from the saline control. 

According to the Pathology Report, minimal, focal to rarely multifocal changes in the 
nasal turbinates were present in 1/20 Group 1 rats, 4/20 Group 4 rats, 6/20 Group 5 
rats, and 4/20 Group 6 rats. Findings were more common in males (11 total rats 
between Groups 4, 5, and 6) than females (4 total rats between Groups 1, 4, and 6). 
Similar microscopic findings were not identified in Group 2 (vehicle control) or Group 3 
(low dose naloxone group). 

These nasal turbinate findings were limited to the olfactory epithelium (most often in 
levels 3 [second palatine crest, includes paranasal sinus] and 4 [first molar, includes 
pharyngeal duct/nasopharynx]) which consisted of minimal epithelial degeneration, 
minimal neutrophilic infiltration, mild lymphocytic infiltration, and minimal erosion/ 
ulceration. The neutrophilic and lymphocytic infiltration were indicative of local 
inflammation. Findings were most common in the dorsal turbinates. 

Furthermore, while 1 control female had a nasal cavity change (focal olfactory epithelial 
degeneration), the higher incidence of microscopic findings in the 14 treated animals 
(Groups 4, 5, and 6) suggests a possible treatment-related effect. These local changes 
were of low severity and generally focal changes and were not dose-dependent. These 
were completely reversible at the end of the recovery period and were considered non-
adverse (no clinical findings or differential microscopic changes in other tissues). The 
incidence of affected animals was similar in the 36.4 mg/day naloxone with degradants 
and 36.4 mg/day naloxone dose groups; therefore, the presence of the degradants did 
not alter the microscopic findings. 

The Applicant examined microscopically tissues from the vehicle control, 36.4 mg/day 
naloxone and 36.4 mg/day naloxone with degradants outside of the nasal cavity. 
Minimal vascular mineralization of the lungs in both males and females were observed 
(2/10 each in the male and female vehicle controls, 8/10 males and 4/9 females from 
the 36.4 mg/day naloxone dose group, and 6/10 males and 5/10 females from the 36.4 
mg/day naloxone with degradants dose groups). Moreover, minimal osseous metaplasia 
was observed in 1/10 males from the 36.4 mg/day naloxone with degradants dose 
group only. The remaining microscopic changes in tissues surrounding the nasal cavity 
are signs of an inflammatory response to healing and including changes in the lung 
(perivascular mixed cell infiltration, and increased alveolar macrophages), mandibular 
lymph node (mild increase lymphoid cellularity in the medullary sinus, minimal increased 
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plasma cell cellularity in the medullary sinus, and minimal congestion in the medullary 
sinus), and tracheobronchial lymph node (minimal pigmented macrophage in the 
medullary sinus, minimal congestion in the medullary sinus, and minimal and mild 
increased lymphoid cellularity in the germinal center) that was present sporadically in 
the vehicle control, 36.4 mg/day naloxone dose group, and 36.4 mg/day naloxone with 
degradants dose group. These adverse lung findings were not considered dose limiting 
as these findings were not present after the recovery period and were likely the result of 
the test-article affecting the lungs directly due to intranasal instillation of a solution and 
given that rats are obligate nose breathers. It is noted that lung findings were not 
present in dogs which used the intranasal spray. 

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

Observation Saline Vehicle 1.8 18.2 36.4 36.4 mg/day
Control Control mg/day mg/day mg/day Naloxone w/

Naloxone Naloxone Naloxone Degradants 
Dosing Period (Day 29/30) 
Males 
Heart 

Cardiomyopathy -- 2/10 -- -- 4/10 1/10
 Minimal 

Kidney 
--Mineralization

 Minimal -- 0/10 -- -- 1/10 0/10 
--Infiltration, 
lymphocytic; 
perivascular -- 1/10 -- -- 1/10 1/10

 Minimal 
--Infiltration, -- 0/10 -- -- 0/10 0/10 
lymphocytic; -- 0/10 -- -- 0/10 0/10 
pelvis

 Minimal
 Mild -- 0/10 -- -- 0/10 0/10 

--Inflammation, 
neutrophilic; -- 1/10 -- -- 2/10 2/10
pelvis

 Mild 
--Basophilia; 
tubular

 Minimal 
Spleen 

Extramedullary -- 0/10 -- -- 1/10 1/10 
hematopoiesis

 Minimal 
Thymus 
--Apoptosis, 
increased; 
lymphoid, cortex -- 0/10 -- 0/3 1/10 1/10

 Minimal 
Urinary Bladder 
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--Infiltration, 
neutrophilic; 
submucosal -- 0/10 -- -- 0/10 0/10

 Minimal 
Epididymis 
--Infiltration, 
mononuclear 
cell; 0/1 2/10 -- -- 4/10 1/10 
perivascular

 Minimal 
Prostate Gland 
--Infiltration, 
mononuclear 
cell; 
perivascular

 Minimal -- 0/10 -- -- 4/10 1/10
 Mild -- 1/10 -- -- -- --
 Moderate -- 1/10 -- -- -- --

Females 
Heart 

Cardiomyopathy -- 0/10 -- -- 0/9 0/10
 Minimal 

Kidney 
--Mineralization

 Minimal -- 1/10 -- -- 1/9 0/10 
--Infiltration, 
lymphocytic; 
perivascular

 Minimal -- 1/10 -- -- 0/9 1/10 
--Infiltration, 
lymphocytic; 
pelvis

 Minimal -- 1/10 -- -- 2/9 0/10
 Mild -- 1/10 -- -- 1/9 1/10 

--Inflammation, 
neutrophilic; 
pelvis

 Mild -- 1/10 -- -- 0/9 0/10 
--Basophilia; 
tubular

 Minimal -- 1/10 -- -- 1/9 1/10 
Spleen 

Extramedullary 
hematopoiesis

 Minimal -- 1/10 -- -- 0/9 0/10 
Thymus 
--Apoptosis, 
increased; 
lymphoid, cortex

 Minimal -- 0/10 0/1 0/4 0/9 0/10 
Urinary Bladder 

61 

Reference ID: 5273595 



   

 
 

 
    

 
  

  

 
 

 
 

 

 
  

NDA 215487 Reviewer:  Carlic K. Huynh, PhD 

--Infiltration, 
neutrophilic; 
submucosal

 Minimal -- 0/10 -- -- 1/9 0/10 

It is noted that for these other microscopic changes, the majority of these findings were 
observed in the vehicle control, 36.4 mg/day naloxone dose group, and the 36.4 mg/day 
naloxone with degradants dose group with the occasional examination in the saline 
control as well as low- and mid dose naloxone groups (up to 4 rats per group). These 
other microscopic changes in the heart, kidney, spleen, thymus, urinary bladder, 
epididymis, and prostate gland were observed in lower incidences (4 or less) in the 
affected dose groups or were of similar incidence in the vehicle control. 

In the Pathology Report, the other microscopic findings observed were considered 
incidental, of the nature commonly observed in this strain and age of rats, and/or were 
of similar incidence and severity in control (saline and vehicle) and treated animals 
(36.4 mg/day naloxone and 36.4 mg/day naloxone with degradants) and, therefore, 
were considered unrelated to administration of 36.4 mg/day naloxone or the 
degradants. Any apparent increase in incidence of minimal severity spontaneous 
changes in treated animals was interpreted as non-treatment related. 

The following table illustrates the microscopic changes at the end of the recovery period 
(Day 47) in both males and females (from the Applicant’s submission): 
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Summa1~· of Microscopic Pathology: Study Phase - Reronry 

20246992 

Removal Reason(s): RECOVERY 
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In both males and females, all microscopic changes observed at the of the dosing 
period were not observed at the end of the recovery period with the exception of mild 
skin ulceration and moderate crust in the male 36.4 mg naloxone with degradants dose 
group, which was observed in 1 rat and it is noted that only 1 rat was examined with no 
examination in any other the other recovery groups and may be dismissed . The 
Pathology Report noted that none of the microscopic changes observed at the end of 
the dosing period was observed at the end of the recovery period . 

Special Evaluation 

An 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 46). 

At the end of the dosing phase (Day 27), a single female (Animal No. 6515) from 36.4 
mg/day with degradants fai led to react to the noxious olfactory stimulus. 
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At the end of the recovery phase (Day 46), a single male (Animal No. 5011 ) from 36.4 
mg/day, a single male (Animal No. 6014) from 36.4 mg/day with degradants, and a 
single female (Animal No. 6515) from 36.4 mg/day with degradants failed to react to the 
noxious olfactory stimulus. In the individual histopathology data of these rats, the nasal 
cavity was within normal limits microscopically. 

Accord ing to the Pathology Report, this observation was not considered to be 
treatment-related due to its minimal occurrence. This Reviewer concurs with the 
conclusions of the Pathology Report, given that several fai lures were noted across 
groups in the 14-day dog study and that administration of the test-article via nasal 
insti llation may have caused failures in the olfactory test. 

Toxicokinetics 

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

Text Table 16 
Bioanalytical Sample Collection Schedule - Days l and 28 

G1·oup No. Snb2roup 

No.of 
Anim als 

(Male/Fem:de) 

(Time Post fint d11 lly dose) on Days 1 and 28 

0 h1.a 15 min 30min 1 hr 4.25 hrb 24 hr 
1 A 3/3 X - . X . . 
2 A 3/3 X . . X . -

.
3 

A 3/3 X . X . X 
B 3/3 - X . X - X 

4 
A 3/3 X . X . X . 
B 3/3 . X . X . X 

'.'i 
A 3/3 X - X . X . 
B 3/3 . X . X - X 

-6 
A 3/3 X . X . X 
B 3/3 . X - X - X 

Method/Comments: Venipwicn1re ofthe jugular vein (tmder isoflurane anesthesia) 
Tuget Volume (mL): 0.3 

Antkoa!!U.lant: K2EDTA 
Soecial Reauh·ements: Tubes were chilled after blood collection. 

P.-ocessing: Plasma 
X = Sample collected; - = Not applicable: min= minutes; hr = hollf(s). 
• Sample was collected before dosing. 
t, Sample occured 15 nwmtes (± 3 minutes) from the second daily dose. Bar.ed on actual dor.e 1imiug of ~econd 

daily dose. 

The following toxicokinetics parameters were measured (from the Applicant's 
submission): 
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Parameter Desctiotion or Pin'llmeter 
tmax The time after dosituz at which tl1e maximum couceutration was obser,ed 
C'rnu The maxiumm obse1Yed concentration me<tsured after dosi.112 
Cmax/Dose Cmax di\ided by the dose administered. where Dose is the total dailv dose 

AUC1asa 
The ai·ea tmder the concentration versus time ctuve from the start of 
dose administration to the last observed quantifiable concentration 
calculated usin2 the lit1ear trapezoidal method 

AUC,-IDose TI1e AUC1as1 divided by the dose administered. where Dose is the total 
dailv dose 

lbst 
llle time after dosi.J1~ at which the last quantifiable conce11n·atio11 was 
obseived 

RAuc 
Accmnulation ratio based on AUC1as1. calculated as: 
AUC1ast (Dav 28)JAUC!.ist (Dav 1) 

The following table illustrates the TK parameter results after treatment with intranasal 
naloxone in toxicokinetics rats (from the Applicant's submission): 

Table 1. TK Panmete1·s of ~aloxone Based on Mean Plasma Coucenh-ations in Male and 
Female Rah on Dan 1 auc1 28 

Study Day 

l 28 
G 1·oup I Treatm,nt Paramrtu F,malr ~late Female ~late 

3 SN(7032) 1.80 mg/day , • ., (la) 0.250 o.soo o.soo 0.250 
IC•u (DglmL} !>-4.2 64.0 108 46.6 
Al-Ci. .. (la*ng/mL) 109 60.4 104 41.9 
IRAl"Ci.,, ND ND 0954 0693 

S1'"(7032) 18.2 mg/day • , ... (b) 

ic... (ngtmL) 
u ·ci... Cb*nglm.L) 

IR.Al"Cia,. 

0.250 
774 
756 
ND 

0.250 
801 
871 
ND 

0.250 
720 
1070 
l.41 

0.250 
417 
627 

0.720 

5 SN(7032) 36.4 mwctay .... (b) 
k:"au (ngfmL} 
Al"C1.-, (b"nglmL) 
IR.Arc,.,, 

•.2s• 
1020 

12800 
ND 

4.2S" 
1830 

22000 
ND 

0.250 
490 
3680 
0.288 

0.250 
1130 
5-470 
0.248 

Sll.(7032)-SPll 
6 36.4 mg/dar-+SPU 

d,gndant,; 
.... (la) 0.250 0.250 0.250 0.250 

l( ... (ngimL) 1S70 1480 614 664 
Al-Ci.., (h"ng/mL) 10100 17300 4280 4680 
IRAlTi..-, ND ND 0.422 0.270 

• Tbt 1e5t anidt$ w Group\ 5 and 6 wen adm1111sttttd as a dJ.v1drd clo~~. at Ob and approlWllat~ly 4 b . TM ta.a for Group 5 
occuned after lbe second administration. 
ND : Notdetenninable 

All rats (male and female) treated with test article were exposed to naloxone 
systemically following multiple intranasal actuations of SN(7032) Naloxone HCI Nasal 
Spray at total daily doses of 1.8, 18.2, and 36.4 mg/day of naloxone from Day 1 through 
Day 28. 

Overall , mean naloxone concentrations increased with an increase in SN(7032) dose for 
males and females on Days 1 and 28. An inconsistent increase in mean concentration 
with dose was observed at early time points (0.5 and 1 hour) on Day 28. 
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Cmax increased in a less than proportional manner with an increase in dose for females 
and increased in an approximately proportional manner with an increase in dose for 
males on Days 1 and 28. AUClast increased in a greater than proportional manner with 
an increase in dose for males and females on Days 1 and 28. 

AUClast Day 28/Day 1 ratios ranged from 0.288 to 1.41 for females and from 0.248 to 
0.720 for males, indicating little to no accumulation during multiple dosing for males and 
females. 

Based on Female/Male (F/M) ratios for Cmax and AUClast, differences in the TK profile 
of naloxone were observed between males and females, but the differences were not 
consistent across dose level or study day. The F/M Cmax ratios ranged from 0.560 to 
1.47 on Day 1 and from 0.435 to 2.32 on Day 28; the F/M AUClast ratios ranged from 
0.580 to 1.81 on Day 1 and from 0.673 to 2.49 on Day 28. 

In general, no appreciable differences in naloxone AUClast were observed between 
Groups 5 (36.4 mg/day) and 6 (36.4 mg/day with degradants) across study days and 
sex. Additionally, Cmax was similar for Groups 5 and 6 on Day 1 in males and on Day 
28 in females; differences in Cmax between Groups 5 and 6 were observed on Day 1 in 
females and on Day 28 in males. 

Dosing Solution Analysis 
The Applicant supplied the naloxone formulation (including the naloxone formulation 
with degradants) and vehicle control as well as actuators. The Applicant provides 
documentation on the identity, strength, purity, composition, and stability for the 
naloxone formulations and vehicle control. No dosing solution analysis was performed 
at the testing facility on the naloxone formulation and vehicle control. Analysis of the 
saline control was performed at the testing facility. 

7 Genetic Toxicology 
There were no new 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 new reproductive and developmental toxicology studies with naloxone 
submitted in this NDA. The label will reflect the data in the referenced product. 
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10 Special Toxicology Studies 
There were no special toxicology studies with naloxone submitted in this NOA. 

11 Integrated Summary and Safety Evaluation 
Summit Biosciences LLC is developing_ Naloxone Nasal Spray for intranasal 
administration (10 mg in 110 mcl or (blll mg/ml naloxone HCI concentration) to 
deliver 10 mg of naloxone HCI with a maximum daily dose of 20 mg of naloxone HCI for 
the emergency treatment of known or suspected opioid overdose, as manifested by 
respiratory and/or central nervous system depression and for intended for immediate 
administration as emergency therapy in settings where opioids may be present. It is 
noted that "the product is not a substitute for emergency medical care." The Applicant is 
submitting an appl ication via the 505(b)(2) pathway, proposing to rely upon the 
Agency's previous find ings of safety and efficacy of Mallinckrodt's Narcan® injectable 
product (NOA 16636). 

The maximum daily dose of 2 sprayers or 20 mg of naloxone HCI. The drug substance 
specifications are acceptable. There are no novel excipients in the formulation and the 
levels of the excipients at the maximum daily dose of 20 mg of naloxone via 2 sprayers 
are in the FDA Inactive Ingredient Database at comparable levels in acute use FDA­
approved nasal formulations are acceptable and do not represent a safety concern. 

The drug product specifications meet ICH Q3B(R2) qualification thresholds of NMT 
0.5% or 200 mcg TOI, whichever is lower for drug products with a maximum d~ dose 
of 10 to 100 mg except for ,---.- (blll , whose specification is NMT ,c 

4
I%. 

The specified unidentified impurities meet IC'"A Q3B(R2) identification (NMT 0.2%) and 
qualification thresholds (NMT 0.5% ). The specification for the SN22-02 mixture (NMT 
f111 r

4j0/o) exceeds ICH Q3B(R2) identification thresholds, which has been identified, and 
meets ICH Q3B(R2) qual ification thresholds. The specification for unspecified 
unidentified impurities (NMT <bll

4 %) meet ICH Q3B(R2) identification (NMT 0.2%) and 
qualification thresholds. 

~~ of the NMTE14 °lo specification for the drug product degradant, L (~ 
I_), the Appl icant submitted a negative computational toxicology evaluation t a 
assessed the mutagenic potential of the compound and submitted a 28-day intranasal 
repeat-dose toxicity rat study that evaluated a naloxone formulation that contained 
different degradants that included ~ 1

~ Although this study 
qualified the systemic safety of the egradant, tfi1s stuay testeda ewer concentration 

1111 4than the proposed specification of bll" 
1%, resulting in a local safety margin of r The 

Applicant purported that a higher concentration could not be tested due to several 
factors, including the notion that the degradant could not be synthesized or isolated and 
the degradant readily degrades. It is noted that data and documentation were not 
provided to support these assertions. The Applicant also argued that the rat study 
provided support for the local safety of the proposed specification when normalizing the 
dose with intranasal surface area (i.e., mg/cm2 ) of the species, and resu lts in a <bll

4 
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safety margin . However, when reviewing the safety of an impurity specification, the 
supporting nonclinical qualification study should yield adequate safety margins using 3 
approaches: human equivalent dose (HED) based body surface area, dose 
normalization to nasal surface area (mg/cm2) , and through a comparison of the tested 
concentration in the toxicity study versus the actual concentration in the drug product. In 
th is case, the safety margin calculated by the concentration approach is below 1 x and 
therefore is not supportive of the proposed specification of 11n"·% for (blll .. 

. However, the lack of nonclinical support for the local safety of - i
11n"I 

does not preclude marketing approval for the following reasons: 1~ 
su6mIt ed nonclinical data is from a study that evaluated exaggerated dosing conditions 
(repeated dosing for 28 consecutive days compared to the cl inical use scenario of a 
single dose) and did not identify a safety signal at the local tissues; 2) adequate safety 
margins were establ ished for the degradant based on HED conversion using BSA and 
based on dose normalization using nasal surface area; 3) this product is indicated for an 
acute, single-use indication; and 4) the drug product is a potentially life-saving therapy. 
It is recommended that a postmarketing requirement be issued to the Appl icant to 
conduct a nonclinical study that tests an ade uate de radant concentration to su port 
the local safe of the ro osed s ecification. ll>l1<1 

The container closure system Is the (blll unit dose sprayer that has been 
referenced in other applications including the components in direct contact with the drug 
formulation (vial and plunger with rubber stopper). In support of the container closure, 
extractable leachable and elemental impurities assessments were submitted. The 
extraction studies on the rubber sto ~ ers and used bn

41 

The leachable study was performed on 3 lots of the proposed Naloxone HCI 10 mg drug 
product (CSNB1903A, RSNB1904A, and RSNB1905A) that were stored for various time 
: oints (3, 6, 12, 18, 24, and 36 months) and anal~zed using various anal\(tical methods 

r ~ 
~acfia61e s!ucly Is appropriate as the )'(nalyl1cal Evaluation Thresfii5@ (.i>;En-J!::d on 
a 1.5 mcg/day threshold . The leachable compounds detected (including the 111>r• are 
below the 5 mcg/day threshold and as such, do not represent a safety concern at these 
levels. The levels of the (blll are below the level of detection that are below the 
limit of bll" /day in the nitrosam1ne guidance. 

The elementals detected in the elemental im urities assessment meet ICH 030 PDE 
limits except for ll>H" The maximum daily exposures 
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of__-. <1>>r 
4 via the maximum daily dose of the proposed product is qualified and 

there no safety concerns at these levels. 

In support of the marketing application, the Applicant submitted the 14-day dog (Study 
2950-002) and 28-day rat toxicology (Study 20246992) studies. 

In the 14-day dog toxicology study (Study 2950-002), Beagle dogs were administered 0 
(sal ine control or vehicle control), 20, 160, or 300 mg/day naloxone (100 mg/ml) 
intranasally for 14 consecutive days followed by a 7-day recovery period (no treatment). 
There were no unscheduled deaths during the study. As the doses are reported in 
mg/day, an average dog weight of 6 kg can be used to calculate mg/kg/day doses. As 
such, the doses are 3.33 (20/6 = 3.33), 26.7 (160/6 = 26.7), and 50 (300/6 = 50) 
mg/kg/day, respectively. There were no treatment-related changes in cl inical signs, 
olfactory functional assessment, body weight parameters (absolute body weight and 
body weight gain), food consumption, ophthalmoscopy, electrocard iographic 
examinations, hematology and coagulation, clinical chemistry, urinalysis, gross 
pathology outside the nasal cavity, organ weight parameters (absolute organ weight, 
organ-to-body-weight ratio, and organ-to-brain-weight ratio), and histopathology outside 
the nasal cavity. Nasal irritation in nasal cavity (including mononuclear cell infiltration 
and degeneration/atrophy of the olfactory epithelium) and findings in surrounding 
tissues (including subacute/chronic inflammation in the lung, erythrocytosis/erythro­
phagocytosis of the sinus in the tracheobronchial lymph node, and mononuclear cell 
infiltration in the trachea, tracheal bifurcation, and bronchus) in all doses tested were 
observed with the highest incidence observed at the high dose but were dependent on 
the number of actuations administered. These microscopic observations in the nasal 
cavity and its surrounding tissues were not as numerous in the recovery dogs 
demonstrating these observations were subsiding in the recovery dogs. It is noted that 
acute inflammation in the gait and immature prostate gland in the male 36.4 mg/day 
naloxone with degradants dose group as well as hydrocephalus in the brain and 
vascular mineral ization in the heart in the female 36.4 mg/day naloxone with degradants 
dose group were observed that were considered incidental and commonly observed in 
beagle dogs and as such, were not treatment-related. Nasal mucosal irritation appeared 
to be present in the mid- and high dose dogs early in the treatment period but subsided 
and was not present on Day 14. The local NOAEl is the mid dose (160 mg/day), which 
was 8 sprays per naris given that the sl ight increases in incidence of the microscopic 
findings was reversed after the recovery period in th is group. The local NOAEl resulted 
in a concentration margin of 111n" as the formulation used in this toxicology study ( 100 
mg/rnl) is a slightly higher concentration of naloxone HCI than the clin ical formulation 

<bn 
4 mg/ml). The systemic NOAEl was the high dose of 50 mg/kg (300 mg/6 kg 

average dog weight= 50 mg/kg) based on no treatment-related microscopic findings in 
other tissues and organs, which is equivalent to 1667 mg (50 mg/kg I 1.8 x 60 kg 
average human weight= 1667 mg) HED, which confers a safety margin of 83x (1667 
mg/20 mg MOD= 83) based on a body surface area comparison and using an average 
human weighing 60 kg. 
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In the 28-day rat toxicology study (Study 20246992), Sprague Dawley rats were 
administered sal ine control , vehicle control , 1.8 mg/day naloxone, 18.2 mg/day 
naloxone, 36.4 mg/day naloxone, or 36.4 mg/day naloxone with degradants intranasally 
for 28 consecutive days followed by a 19-day recovery period (no treatment). The rat 
doses are expressed as mg/day. Using an average rat weight of 0.325 kg, these doses 
can be expressed as mg/kg/day. As such, the rat doses are 5.54 (1.8/0.325 = 5.54), 56 
(18.2/0.325 = 56), 112 mg/kg/day (36.4/0.325 = 112), and 112 mg/kg/day with 
degradants, respectively. There was an unscheduled sacrifice in a female from the 36.4 
mg/day dose group where a uterine mass consistent with an endometrial stromal polyp 
as well as signs of bleeding (red fur staining and liquid red material present at an in the 
urogenital area as well as markedly low erythrocytes, hemoglobin, and hematocrit) were 
observed and these findings were considered unrelated to naloxone treatment. There 
were no toxicologically meaningful changes in body weight and food consumption. 
There were no treatment-related changes in cl inical signs, ophthalmoscopy, hematology 
and coagulation, clinica l chemistry, and male organ weight parameters (absolute organ 
weight, organ-to-body-weight ratio, and organ-to-brain-weight ratio). In females, organ­
to-body-weight ratios of the adrenal gland, pituitary, and thymus were deemed not 
toxicologically relevant. In the olfactory functional assessment, a single female from the 
36.4 mg/day with degradant dose group at the end of dosing as well as a single male 
from 36.4 mg/day dose group and 1 male and female from the 36.4 mg/day with 
degradants dose group at the end of recovery fai led to react to the noxious olfactory 
stimulus; however, there were no microscopic changes in the nasal cavity of these rats. 
It is also noted that single incidences of fai lures in olfactory assessments in rats have 
been previously observed. Microscopic find ings in the nasal cavity (neutrophilic 
inflammation, neutrophilic infiltration, erosion/ ulcer, lymphocytic infiltration, and 
degeneration of the olfactory epithelium) and in its surrounding tissues (vascular 
mineral ization, perivascular mixed cell infi ltration, increased alveolar macrophages, and 
metaplasia of the osseous in the lung as well as increased plasma cell cellu larity, 
increased lymphoid cellu larity and congestion of the medullary sinus in the mandibular 
lymph node and pigmented macrophage, congestion, and increased lymphoid cellularity 
in the germinal center of the tracheobronchial lymph node) in the 18.2 and 36.4 mg/day 
dose groups were observed. These microscopic observations in the nasal cavity and its 
surrounding tissues were not observed in the recovery rats. Given that the local find ings 
were minimal to mild in severity at low incidences and were fully reversible, an 
acceptable local LOAEL is the high dose of 36.4 mg/day naloxone (an instillation twice 
daily per nostril) and results in a concentration margin of 1 x as the concentration of 
naloxone HCI used in th is study and in the clin ical formulation are both 1..::;j mg/ml. 
For systemic tissues and organs, microscopic examination was not conduc ed on the 
1.8 and 18.2 mg/day naloxone dose groups. No microscopic treatment-related changes 
were observed at 36.4 mg/day, and therefore, the systemic NOAEL is 36.4 mg/day or 
112 mg/kg/day, which confers a human equivalent dose of 1084 mg (112 mg/kg / 6.2 x 
60 kg average human weight) and a safety margin of 54x (1084 mg/20 mg MOD= 54). 
The effects of the degradants( <b>1

4 with 36.4 
mg/day of naloxone were not worse than 36.4 mg/day ofnaloxone alone. 
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From a nonclinical pharmacology toxicology perspective, NOA 215487 for Naloxone HCI 
Nasal Spray may be approved with a postmarketing requirement (PMR) to conduct a 
GLP repeat-dose toxicology study of at least 14 days duration in a single s ecies to 
characterize the toxicological potential of the naloxone degradant, ~ 
to local tissues after intranasal administration . 
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