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1 Executive Summary 
1.1 Introduction 
This 505(b)(2) application submitted by Serenity Pharmaceuticals, LLC., seeks to 
market their drug product SER120 under the trade name NoctivaTM.  NoctivaTM is a low 
dose intranasal reformulation of an FDA approved drug - DDAVP® Nasal Spray . The 
proposed new indication for NoctivaTM is the treatment of adult patients (age not 
specified) with nocturia. The active pharmaceutical ingredient in both NoctivaTM and the 
reference listed drug (RLD) - DDAVP® Nasal Spray is desmopressin. Desmopressin is 
the synthetic peptide analogue of the human anti-diuretic hormone (ADH) vasopressin. 
The mechanism of action is based on selective V2 agonist activity stimulating 
reabsorption of water from the lumen of renal collecting ducts.  
 
The reference listed drug, DDAVP® Nasal Spray (desmopressin acetate), was approved 
in 1978 (NDA 17922) for the treatment of central cranial diabetes insipidus, and for the 
management of temporary polyuria and polydipsia following head trauma or surgery in 
the pituitary region. DDAVP® Nasal Spray was also approved for nocturnal enuresis in 
children aged 6-17 years old, but this indication was revoked by the Agency in 
December 2007 due an association with hyponatremia.  The sponsor’s drug, NoctivaTM, 
is a lower dose reformulation of the approved desmopressin acetate (0.75 and 1.5  µg 
per dose spray of 100 µL, compared to 10 µg per dose spray of 100 µL of DDAVP® 
Nasal Spray). The proposed dosing regimen of NoctivaTM is an intranasal administration 
of a 100 µL dose via a metered spray once daily approximately 30 minutes prior to 
bedtime. There are no major concerns regarding the use of the active ingredient 
(desmopressin) in this reformulation based on long history of safe use in humans.  
 
However, the sponsor’s reformulation with NoctivaTM contains an excipient not 
previously used by the nasal route, cyclopentadecanolide (CPD), also known as CPE-
215 or pentadecalactone. CPD has been included in the sponsor’s formulation to 
facilitate absorption of desmopressin through the nasal mucosa to result in higher 
bioavailability. Although CPD is used in another FDA-approved drug, it is via different 
route of administration (transdermal product Testim®). NoctivaTM is the first proposed 
use of CPD in an intranasal formulation. Moreover, non-sponsor conducted chronic 
nonclinical toxicology studies by  using intranasal CPD 
(under IND ) revealed histopathology lesions (squamous metaplasia in the nasal 
cavity) of concern. Hence, the nonclinical evaluation includes a focus on the safety 
assessment of CPD via the intranasal route of administration, for which the sponsor has 
obtained a letter of authorization (IND ).   
 

1.2 Brief Discussion of Nonclinical Findings 
Based on the long history of clinical use of intranasal desmopressin, and a proposed 
clinical dose for NoctivaTM that is 6 to 13 times lower than the RLD (DDAVP® Nasal 
Spray), there are no specific concerns regarding the use of the active pharmaceutical 
ingredient, desmopressin, in NoctivaTM. 
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However, NoctivaTM contains an excipient not previously used by the nasal route,  
cyclopentadecanolide (CPD). NoctivaTM is the first proposed use of CPD in an intranasal 
formulation. Nonclinical safety evaluation is primarily focused on the safety profile of this 
novel excipient, CPD. 
 
CPD-related findings in a 39-week chronic nonclinical toxicology study in the dog were 
limited to histopathology lesions in the nose. These included minimal to slight 
hyperplasia of the nasal epithelium and mixed cell inflammation. Both lesions are 
consistent with an irritant response, but it was not considered to be dose-limiting. Based 
on nasal surface area, doses of  mg/dog translate to dose multiples of 970, 
2889, and 5789 times the proposed maximum clinical dose of 1.5 µg (see Section 11 for 
dose multiple calculations).  
  
There were no CPD-related findings in the 26-week chronic nonclinical toxicology study 
in the rat. Based on nasal surface area, doses of  mg/rat translate 
to dose multiples of 458, 1525, 4574, 9136 times the proposed maximum clinical dose 
of 1.5 µg (see Section 11 for the dose multiple calculation). 
 
A 28-day rat bridging toxicology study comparing NoctivaTM with the marketed 
desmopressin product (DDAVP® Nasal Spray) did not reveal any remarkable findings. 
Based on nasal surface area, the dose of 150 ng/rat translates to a dose multiple that is 
approximately equivalent to the proposed maximum 1.5 µg clinical dose. 
 
All three toxicology studies included an emphasis on evaluation of nasal, oral, and 
pulmonary tissues based on concerns with non-sponsor conducted chronic nonclinical 
toxicology studies with CPD.  
 
Although there has been concern for clinical hyponatremia with desmopressin products, 
potential imbalances in Na electrolyte impacting hyponatremia could not be evaluated 
since the 28-day bridging nonclinical toxicology study with NoctivaTM in the rat, 
conducted by the sponsor, did not include a measurement of electrolytes in the clinical 
chemistry panel.  
 
Carcinogenicity studies with CPD were not conducted based on negative genetic 
toxicology data, limited systemic exposure, absence of accumulation based on 
nonclinical and clinical pharmacokinetic data, and negative histopathology data from the 
two chronic toxicology studies.  A carcinogenicity waiver request was submitted by the 
sponsor. Following review of the toxicology studies, we concur that carcinogenicity 
studies are not required at this time.   
 
There have been no long-term studies in animals to assess the impairment of fertility 
potential of NoctivaTM nasal spray. 

1.3 Recommendations 
1.3.1 Approvability 
From the nonclinical perspective, NoctivaTM appears to be reasonably safe for approval. 
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1.3.2 Additional Non Clinical Recommendations 
Based on lack of data regarding changes in Na electrolyte balances in the 28-day 
nonclinical bridging toxicology study in rats, close monitoring for hyponatremia is 
recommended. 
1.3.3 Labeling 
Sections 8 and 13 from the sponsor provided annotated label has been excerpted and 
tracked with the proposed changes as shown below. 
8 USE IN SPECIFIC POPULATIONS 
 
8.1  Pregnancy 
Risk summary 

Data 

Animal Data 

 
8.2  Lactation 
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8.4           Pediatric Use 

8.5   Geriatric Use 

 

13 NONCLINICAL TOXICOLOGY 
 
13.1  Carcinogenesis, Mutagenesis, Impairment of Fertility 
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pump. Hence, the storage conditions for CPD concentrations at % in the nonclinical 
toxicology studies were stored at room temperature (see Section 6).  

2.4 Comments on Novel Excipients 
All excipients in NoctivaTM formulation are listed in FDA’s Inactive Ingredient Database 
and are present in other FDA-approved products with various routes of administration. 
However, three novel excipients (not present in formulations intended for intranasal 
administration) include CPD , cottonseed oil , and sorbitan monolaurate 

. 
 
The sponsor has conducted chronic nonclinical toxicology studies (see Section 6.2) in 
two species to demonstrate the safety of the above three ingredients via intranasal 
administration. Specifically, CPD has been evaluated as the test article, and a separate 
control group includes an emulsion with cottonseed oil and sorbitan monolaurate.  
There were no adverse effects with any of the above excipients from the toxicology 
studies in either species. 

2.5 Comments on Impurities/Degradants of Concern 
Concentration of individual impurities in drug substance (DS) is well below the limit of 
detection using a HPLC method. No peaks (HPLC method) were observed during 
forced degradation (acidic conditions) of the drug product in stability samples stored 
under long term or accelerated conditions.   Contribution from residual solvents from 
any of the process components is well below the ICH limits. Refer to Quality 
Assessment Review for complete details. 

2.6 Proposed Clinical Population and Dosing Regimen 
Adults (age not specified) with nocturia (awakening 2 or more times to void). 
 
The proposed dosing regimen of NoctivaTM is an intranasal administration of a 100 µL 
dose via a metered spray once daily approximately 30 minutes prior to bedtime. 
 
Reviewer Comment:  
The age of the patient population is not clearly specified. Refer to Clinical Review for 
complete details. 

2.7 Regulatory Background 
At the meeting with the sponsor in 2010 (July 30, 2010, Type B Meeting), the FDA 
recommended that a 1 month bridging study be conducted to evaluate and compare the 
local and systemic effects using a standard toxicology tissue battery for histopathology 
evaluation between SER120 product with the RLD (DDAVP® Nasal Spray). Olfactory 
pathway related neuroanatomical areas were specifically requested based on the 
intranasal route of administration. 
 
It was confirmed in a written response dated June 12, 2012, that if systemic exposure of 
CPD could not be demonstrated, then chronic nonclinical toxicology studies would be 
required to support the safety of CPD in SER120. 
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In light of the evidence of histopathology lesions of concern documented in chronic 
nonclinical toxicology studies conducted by FDA reiterated 
the need for chronic nonclinical toxicology studies with CPD focused on local effects in 
the nasal and respiratory tracts in a Type C meeting in March 2015 (see Meeting 
Minutes dated April 9th, 2014). 
    

3 Studies Submitted 
3.1 Studies Reviewed  
Toxicology: 
Study 8297078: A 39-Week Intranasal Chronic Toxicity Study in Dogs Evaluating 
Cyclopentadecalactone in Bland Emulsions For Nasal, Oral, and Pulmonary Effects with 
an 8-Week Recovery Phase 
 
Study 8297079: A 26-Week Intranasal Chronic Toxicity Study in Rats Evaluating 
Cyclopentadecalactone in Bland Emulsions For Nasal, Oral, and Pulmonary Effects with 
a 4-Week Recovery Phase 
 
Study 8279849: A 28-Day Intranasal Toxicity and Toxicokinetic Study in Rats Evaluating 
SER120 Nasal Spray Compared to Commercial Desmopressin Nasal Spray 
Formulation with a 4-Week Recovery Phase 
 
Pharmacokinetics: 
Study vca11189: Validation of an LC-MS/MS Method for the Determination of 
Desmopressin in Rat Plasma (K3EDTA) 
 
Study 030517: Method Development for Low Level CPD in Plasma 
 
Study 031109: Bioanalytical Method Feasibility of LC-MS/MS Assays for the 
Determination of CPD and 15-OH-Pentadecanoic Acid in Rat Plasma and Investigation 
of Stability of CPD and 15-OH-Pentadecanoic Acid in Plasma 
 
Study 031331: In Vitro Stability of Cyclopentadecanolide (CPD) and 15-Hydroxyl-
pentadecanoic Acid in Rat and Human Whole Blood 
 
Study 031522: Bioanalytical Method Development and Qualification of LC-MS/MS 
Assays for the Determination of CPD and 15-OH-Pentadecanoic Acid in Rat Blood and 
in Human Blood 
 

3.2 Studies Not Reviewed  
Additional non-sponsor conducted supporting nonclinical toxicology studies on CPD 
were submitted with this NDA along with letters of authorization from respective 
sponsors  
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. These studies were not reviewed in detail, since the sponsor-conducted chronic 
nonclinical toxicology studies with CPD in two species with appropriate control groups 
and variables (pH, dose volume and dosing frequency) relevant to NoctivaTM’s 
formulation were considered sufficient to evaluate nonclinical safety. 

3.3 Previous Reviews Referenced 
Dr.Herman Rhee’s nonclinical review for IND  dated October 17, 2006 (DARRTS) 
– for genotoxicity and male fertility studies with CPD. The sponsor has obtained a letter 
of authorization to reference IND .  

4 Pharmacology 
4.1 Primary Pharmacology 
No nonclinical studies were submitted for NoctivaTM. 
The pharmacological activity of desmopressin is well understood. Desmopressin 
selectively binds to the vasopressin V2 receptor which is expressed at high 
concentrations in the cells of the renal collecting ducts. By interacting with the V2 
receptor, desmopressin, like ADH, increases water permeability of the kidney allowing 
for the reabsorption of water into the body. 

4.2 Secondary Pharmacology 
A well-known side-effect of desmopressin is hyponatremia.  
Desmopressin has minimal to no binding affinity for the V1 receptors. 
In light of the concern for clinical hyponatremia with desmopressin products, the 
sponsor-conducted 28-day bridging nonclinical toxicology study with NoctivaTM did not 
include a measurement of electrolytes in the clinical chemistry panel. Hence, potential 
imbalances in Na electrolyte impacting hyponatremia could not be evaluated. 

4.3 Safety Pharmacology 
No safety pharmacology studies were submitted for NoctivaTM. 

5 Pharmacokinetics/ADME/Toxicokinetics 
5.1 PK/ADME 
Reviewer Comment: 
No specific nonclinical studies were submitted to this NDA to demonstrate increased 
bioavailability of desmopressin with NoctivaTM compared to the RLD (DDAVP® Nasal 
Spray). 
 
Sponsor-submitted pharmacokinetic nonclinical studies are summarized below: 
 
Desmopressin: 
Study vca11189: Validation of an LC-MS/MS Method for the Determination of 
Desmopressin in Rat Plasma (K3EDTA) 
Summary: This bioanalytical method showed an acceptable bioanalytical 
performance for the determination of desmopressin in rat plasma (K3EDTA) over the 
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calibration range of 4.00 to 250 pg/mL using an assay volume of 500 µL. 
 
CPD: 
Study 030517: Method Development for Low Level CPD in Plasma 
Summary: In this study, an attempt was made to develop a gas chromatography-mass 
spectrometry (GC-MS) method for the analysis of the low level cyclopentadecanolide 
(CPD) in rat plasma with the ranges of  μg/mL in plasma. Although GC-MS 
conditions to analyze CPD and internal standard at the limit of quantitation (LOQ)  
of ng/mL in a neat solvent was successful, extraction and analysis of the CPD 
from rat plasma was unsuccessful. 
 
Study 031109: Bioanalytical Method Feasibility of LC-MS/MS Assays for the 
Determination of CPD and 15-OH-Pentadecanoic Acid in Rat Plasma and Investigation 
of Stability of CPD and 15-OH-Pentadecanoic Acid in Plasma 
Summary: In this study, LC-MS/MS analysis conditions, as well as stability of 
cyclopentadecanolide (CPD) and its hydrolysis product, 15-OH-pentadecanoic acid 
were investigated in the development of bioanalytical assays for in rat plasma. Results 
indicated that: 

1) The quantitation range for CPD with NaF treated plasma was linear only between 
 ng/mL. CPD was unstable in untreated rat plasma since it was 

rapidly hydrolyzed by esterases. Recommendations for improving  
sensitivity and linearity included the use of NaF/ascorbic acid to better inhibit 
esterase hydrolysis of CPD and modification of chromatography conditions to 
reduce coelution of materials causing suppression. 

2) The single product of esterase hydrolysis of CPD in rat plasma was 15-OH-
Pentadecanoic acid (15-OH-PDA) that could serve as a potential surrogate for 
CPD absorption. The quantitation range for 15-OH-PDA was linear from  

ng/mL with no apparent issues that would prevent validation. 15-OH-PDA 
was stable in untreated rat plasma for up to 1 hour at 37 °C. 

 
Study 031331: In Vitro Stability of Cyclopentadecanolide (CPD) and 15-Hydroxyl-
pentadecanoic Acid in Rat and Human Whole Blood 
Summary: In this study, the stability of cyclopentadecanolide (CPD) and 15-OH-
pentadecanoic acid incubated in fresh rat and human whole blood was evaluated. 
whole blood at 37°C. 15-OH-pentadecanoic acid is stable in rat and human 
Results showed that CPD is unstable in rat whole blood and marginally stable in human 
whole blood. 
 
Study 031522: Bioanalytical Method Development and Qualification of LC-MS/MS 
Assays for the Determination of CPD and 15-OH-Pentadecanoic Acid in Rat Blood and 
in Human Blood 
Summary: The objective of this study was to develop and qualify bioanalytical methods 
for the analysis of CPD and its hydrolysis product 15-OH-pentadecanoic acid in rat 
blood. The biological matrix for assay was changed from blood or plasma to acetonitrile 
precipitated blood (APB) to stop esterase hydrolysis of CPD present at blood sample 
collection, and to eliminate LC-MS/MS ionization suppression. The method for CPD in 
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acetonitrile precipitated blood was linear from  ng/mL (equivalent to  
ng/mL in blood). 

The method for 15-OH-pentadecanoic acid was changed from that reported for Study 
031109 to one based on  in the negative ionization mode to improve sensitivity. 
Two quantitation ranges were evaluated to help compensate for the narrow linear 
dynamic range. The low quantitation range was linear from  ng/mL (equivalent to 

 ng/mL in blood), and the high quantitation range was linear from  
ng/mL (equivalent to  ng/mL in blood). Stability in matrix was not of concern 
as 15-OH-PDA was the hydrolysis product of CPD.  
During the course of this work, examination of control rat and control human plasma for 
the presence of 15-hydroxyl-pentadecanoic acid as an endogenous component was 
added to the objective. Analysis of control rat and human plasma for endogenous 15-
OH-PDA in did not show any 15-OH-PDA greater than the response for  ng/mL in 
plasma. 
 

6 General Toxicology 
All toxicology studies reviewed in this section focus on the toxicity of the novel excipient 
(not previously used by the nasal route) in NoctivaTM, namely, CPD. 

6.1 Single-Dose Toxicity 
None submitted 

6.2 Repeat-Dose Toxicity 
Study title:  A 28-Day Intranasal Toxicity and Toxicokinetic Study in Rats 
Evaluating SER120 Nasal Spray Compared to Commercial Desmopressin Nasal 
Spray Formulation with a 4-Week Recovery Phase 
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Drug Delivery Device: The dose was administered by using an adjustable micropipette, 
and a new pipette tip was used for each animal.  
 
Dose Administration: Animals were held upright for a period of time (approximately 15 
seconds (Day 1 of the dosing phase) or approximately 5 seconds (Days 2 through 15 of 
the dosing phase).  
 
Note: Protocol deviation was noted from Day 1-15 of the dosing phase where holding 
each animal upright following dose administration was not documented. 
 

Observations and Results 
Mortality 
All animals survived to the respectively scheduled terminal and recovery sacrifice. 
 
Clinical Signs 
Clinical signs noted were non-specific and/or sporadic changes not considered to be 
adverse or related to the administration of CPD. 
 
Body Weights 
No differences in body weight or body weight change were noted among the treatment 
groups during the dosing or recovery phase. 
 
Feed Consumption 
No differences in food consumption were noted among the treatment groups during the 
dosing or recovery phase. 
Ophthalmoscopy 
Vitreal hemorrhage in one male given the comparator drug, desmopressin (Group 4) 
was considered an unrelated  
ECG 
Not conducted. 
Hematology 
No SER120-related changes were present on Day 29 of the dosing phase or Day 29 of 
the recovery phase in hematology and coagulation test results of animals given 150 
ng/dose compared with placebo, saline, or untreated controls and desmopressin-treated 
animals.  
Clinical Chemistry 
No SER120-related changes were present on Day 29 of the dosing phase or Day 29 of 
the recovery phase in clinical chemistry test results of animals given 150 ng/dose 
compared with placebo, saline, or untreated controls and desmopressin-treated 
animals.  
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Urinalysis 
No SER120-related changes were present on Day 29 of the dosing phase or Day 29 of 
the recovery phase in clinical chemistry test results of animals given 150 ng/dose 
compared with placebo, saline, or untreated controls and desmopressin-treated 
animals.  
Gross Pathology 
No macroscopic observations were attributed to administration of SER120 (150 ng 
desmopressin/dose) or desmopressin (1000 ng/dose). 
Organ Weights 
No organ weight differences were attributed to administration of SER120 
(150 ng desmopressin/dose) or desmopressin (1000 ng/dose) at the terminal or 
recovery sacrifice. 
Histopathology 
Adequate Battery: Yes. 
Protocol specified brain structures included olfactory bulbs, piriform cortex, amygdala, 
and entorhinal cortex. 
 
Peer Review: No 
 
Histological Findings 
No microscopic observations were attributed to administration of SER120 (150 ng 
desmopressin/dose) or desmopressin (1000 ng/dose). In particular, no findings were 
noted in the nasal turbinates (site of administration) or protocol-specified brain 
structures involved in olfaction (olfactory bulbs, piriform cortex, amygdala, and 
entorhinal cortex). 
 

Toxicokinetics 
Samples from Group 1 (Placebo control containing % CPD at pH 5.5±0.5)   
were analyzed for CPD and its metabolite (15-hydroxyl-pentadecanoic acid - 15-OH- 
PDA) using liquid chromatography-tandem mass spectrometry (LC/MS-MS) assays. 
Neither CPD nor 15-OH- PDA was observed with a response sufficiently above the 
control plasma response from which to calculate a concentration or to make estimates 
of analyte concentrations. As a result, toxicokinetic values could not be calculated. 
Samples from Group 2, 4, and 5 were analyzed for systemic desmopressin content 
using a validated liquid chromatography/mass spectrometry assay. The analyses 
revealed very low concentrations of desmopressin in sporadic animals from Groups 4 
and 5. In animals treated with commercial desmopressin (Group 4), a total of 9 of 36 
samples had desmopressin ranging between 4.10 to13.1 pg/mL. In animals treated with 
SER120, a total of 3 of 36 samples had desmopressin ranging between 4.23 to 6.77 
pg/mL. Desmopressin was not detected in Group 2 animals. Given the intermittent 
nature of the systemic levels, toxicokinetic values could not be calculated. 
Group 3 was an untreated control group.  
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Reviewer Comments: 
Dose: The % CPD formulations were stored at room temperature. 
The % CPD formulations were stored in a refrigerator, set to maintain 2 to 8°C, until 
removed for dosing, and were used within 4 hours of removal from refrigerated storage. 
See Reviewer Comment under Section 2.3 for an explanation on differences in storage 
conditions for % CPD.  
 
Dose Volume: The dose volume used in this nonclinical study reached the maximum 
dose volume for the dog of 100 μL per nostril in the dog (Gad et al, 2006). The dose 
volume in Groups 1, 4, and 6 is equivalent to the volume of drug (Group 4) administered 
to obtain the same volume per surface area as in man (Gizurarson, 1990).  
 
Drug Delivery Device: As stated in the Nonclinical Overview (Module 2.6.1), the dose 
actuating device used in this nonclinical study for test article delivery via intranasal 
administration was confirmed to be the clinical delivery device, namely, the  

 Nasal Spray Pump the clinical delivery device).  Each device 
delivered 100 μL of spray/actuation cycle. 
 
Dose Administration: For each nostril dosed, the head of the animal was held downward 
during dosing and for at least 30 seconds postdose (Day 1 through 3). For all other days 
of dosing, for each nostril dosed, the head of the animal was held downwards during 
dosing and was then released from restraint, and the animal was observed for at least 
15 seconds postdose. 
 
Results: 
Mortality 
All animals survived to the respective scheduled terminal and recovery sacrifice. 
Clinical Signs 
Clinical signs noted were non-specific and/or sporadic changes not considered to be 
adverse or related to the administration of CPD.  
Body Weights 
Statistical differences for treated groups was limited to changes in the high dose males 
(Group 4) treated with CPD (  mg/animal) compared to the saline control group (Group 
6).This is considered non-adverse based the marginally lower weights of the saline 
control groups relative to other groups, and on the unremarkable differences between 
the high dose males and the emulsion control group (Group 1). All other statistical 
differences were limited to changes between the control groups (Group 1, 5, and 6).  
Feed Consumption 
Mean food consumption of animals given ≤ mg/animal CPD were similar to those of 
emulsion control during the dosing and recovery phases. 
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Ophthalmoscopy 
Abnormalities were limited to a single incidence of epiphora (watery eye) in one saline 
control female and one high dose female.  These findings were considered incidental 
and not related to the administration of CPD. 
Hematology and Coagulation 
No CPD-related hematology and coagulation effects were present during the dosing or 
recovery phase in animals given CPD compared with those given emulsion or saline 
control. 
Clinical Chemistry 
No CPD-related clinical chemistry effects were present during the dosing or recovery 
phase in animals given CPD compared with those given emulsion or saline control. 
Urinalysis 
No CPD-related urinalysis effects were present during the dosing or recovery phase in 
animals given CPD compared with those given emulsion or saline control. 
 
Toxicokinetics 
Plasma analyses revealed sporadic, low levels of desmopressin in the animals treated 
with desmopressin or SER120. Neither CPD nor 15-OH- PDA (metabolite of CPD) was 
observed with a response sufficiently above the control plasma response from which to 
calculate a concentration or to make estimates of analyte concentrations. As a result, no 
toxicokinetic parameters could be calculated from these data for any analyte. 
Organ Weights 
No CPD-related organ weight effects were noted at the terminal or recovery sacrifice. 
Gross Pathology 
No CPD-related macroscopic findings were noted at the terminal or recovery sacrifice. 
Histopathology 
Adequate Battery 
Histopathology was limited to nasal, oral, and pulmonary tissues. The focus on select 
tissues was based on concurrence with FDA (Type C Meeting Minutes dated March 9, 
2014 under IND 76667).  
 

At the terminal sacrifice, the following tissues were processed to histologic slides and 
examined: the larynx (three sections), lung with large bronchi (one cross-section from 
each of the four major lobes), nares, nasal turbinates (including nasal sinuses), 
nasopharynx, tongue, trachea, and macroscopic lesions.  
 
At the recovery sacrifice, only the nasal turbinates of females were examined 
microscopically (since CPD-related microscopic findings were limited to the nasal 
turbinates of terminal sacrifice females). 
 

For chronic systemic toxicity evaluation, the full battery of routine tissues for 
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Reviewer Concurrence with sponsor’s conclusion:  
The most rostral (first) nasal section is normally lined by squamous, transitional, and 
mucociliary respiratory epithelium, whereas the second section is predominantly lined 
by mucociliary respiratory epithelium. Nasal responses to inhaled irritants have been 
well studied in rats, monkeys, and mice. In all of these species, commonly reported 
findings after irritant exposure are transitional epithelial hyperplasia, mucus cell 
hyperplasia, and variable acute inflammation, with a lower incidence and severity of 
squamous epithelial hyperplasia. These findings characteristically exhibit a distinct 
anterior-posterior gradient (Harkema, 1990; 2006; Buckley, et al., 1984). 
Based on the similarity between nasal findings commonly reported after exposure to 
irritants in the published literature and findings observed in the most rostral sections of 
the nasal cavity in this study, all CPD-related nasal turbinate findings were interpreted 
as irritant responses. None of these findings were considered dose-limiting, based on 
the limited severity and absence of correlative clinical observations. No CPD-related 
findings were present in the nares, the two most caudal sections of nasal turbinates, the 
nasal sinuses, nasopharynx, tongue, larynx, trachea, or lungs. 
 
Dosing Solution Analysis 
All formulations (test article and emulsion control) were provided as ready-to-use 
formulations in dose-actuating devices by the sponsor; or acquired commercially (saline 
control) and filled in dose-actuating devices provided by the sponsor. Dose analysis was 
not conducted. 
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Observations and Results 
Mortality 
One Group 4 female (Phase II) given  mg/animal (high dose CPD) was found dead 
shortly after dosing on Day 170. Based on histopathology findings [slight acute 
hemorrhage and minimal pigment (hemosiderin suggestive of past hemorrhage)] 
present in the aortic adventitia at the heart base, and timing of death (after dosing 
procedure), the cause of death was attributed to physical handling procedure. 
Clinical Signs 
No CPD related adverse events were noted. Clinical observations were similar between 
treated and all control groups. 
Body Weights 
No persistent differences in body weight or body weight change were attributed to CPD 
when compared to the emulsion, saline, or undosed controls, respectively. 
Feed Consumption 
No differences in food consumption were attributed to CPD when compared to the 
emulsion, saline, or undosed controls, respectively. 
Ophthalmoscopy 
No ophthalmic abnormalities were attributed to CPD at ≤  mg/dose. 
ECG 
Not done 
Hematology 
No CPD-related hematology and coagulation effects were present during the dosing or 
recovery phase compared with animals given emulsion control or saline control or 
during the dosing phase compared with the untreated controls. 
Clinical Chemistry 
No CPD-related clinical chemistry effects were present during the dosing or recovery 
phase compared with animals given emulsion control or saline control or during the 
dosing phase compared with the untreated controls. 
Urinalysis 
No CPD-related urinalysis effects were present during the dosing or recovery phase 
compared with animals given emulsion control or saline control or during the dosing 
phase compared with the untreated controls. 
Gross Pathology 
No CPD-related macroscopic findings were noted at the terminal or recovery sacrifice. 
Organ Weights 
No CPD-related organ weight effects were noted at the terminal or recovery sacrifice. 
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Histopathology 
Adequate Battery 
Yes 
 
The focus on select tissues (larynx, lung, nasal turbinates) was based on concurrence 
with FDA (Type C Meeting Minutes dated March 9, 2014 under IND 76667). However, 
unlike the 39-week dog study reviewed above, histopathology included complete 
evaluation of the routine battery of tissues at terminal sacrifice. Evaluation of tissues 
following recovery sacrifice was contingent on findings at the terminal sacrifice. 
 
For larynx, three step sections were prepared. For the lung with large bronchi, one 
cross-section was prepared from each of the four major lobes. For nasal turbinates, four 
sections were prepared. Nasal turbinates and larynx were processed to slide according 
to study-specific procedures. 
 
Peer Review 
Yes 
 
Histological Findings 
No CPD-related microscopic findings were present at the terminal sacrifice. 
Accordingly, tissues were not examined from recovery sacrifice animals. 
Toxicokinetics 
Not conducted 
Dosing Solution Analysis 
Test article and emulsion control formulations were provided by the sponsor, and 
dispensed for dosing at least monthly by  according to the mixing procedure. 
Each bottle was dispensed for use on a single day according to the dispensing 
procedure, as directed by the Protocol. Dose analysis was not conducted. 
 

7 Genetic Toxicology 
Desmopressin: No genetic toxicity studies have been performed. 
 
CPD: Genetic toxicity studies were conducted by , and 
reviewed under IND  by Dr.Herman Rhee (dated October 17, 2006) and for which 
the sponsor has obtained a letter of authorization to reference. These studies included 
the mouse lymphoma forward mutation assay, an in vivo mouse micronucleus assay, 
and the Salmonella-E.Coli/Mammalian-Microsome Reverse Mutation Assay (Ames 
Assay). All tests were negative for genetic toxicity. 
 

8 Carcinogenicity 
Desmopressin: 
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There have been no long-term studies in animals to assess the carcinogenic or 
mutagenic potential of NoctivaTM nasal spray. 
 
CPD: 
Carcinogenicity studies with CPD were not conducted based on negative genetic 
toxicology data, limited systemic exposure, absence of accumulation based on 
nonclinical and clinical pharmacokinetic data, and negative histopathology data from the 
two chronic nonclinical toxicology studies.  A carcinogenicity waiver request was 
submitted by the sponsor under IND 76667. Following review of the toxicology studies, 
the Agency concurs that carcinogenicity studies are not required at this time.   
 

9 Reproductive and Developmental Toxicology 
Desmopressin: 
There have been no long-term studies in animals to assess the impairment of fertility 
potential of NoctivaTM nasal spray. 
 
CPD:  
Male fertility tests in rats were conducted and reviewed under IND  by Dr. Herman 
Rhee (dated October 17, 2006). No remarkable CPD-related effects were noted in 
sperm evaluation (cauda weight, sperm motility, progressive motility, and velocity), 
reproductive organ weights (epididymides, prostate, seminal vesicles and testes), and 
pregnancy performance.    

10 Special Toxicology Studies 
None 

11 Integrated Summary and Safety Evaluation 
This 505(b)(2) application submitted by Serenity Pharmaceuticals, LLC., seeks to 
market their drug product SER120 containing desmopressin as NoctivaTM.  NoctivaTM is 
a low dose intranasal reformulation of an FDA approved desmopressin drug product, 
namely, DDAVP® Nasal Spray. The proposed new clinical indication for the use of 
NoctivaTM is the treatment of adult patients (age not specified) with nocturia. The active 
ingredient in both NoctivaTM and the reference listed drug (RLD), namely, DDAVP® 
Nasal Spray, is desmopressin acetate.  
 
Desmopressin is the synthetic peptide analogue of the human anti-diuretic hormone 
(ADH) vasopressin. The mechanism of action is based on selective V2 agonist activity 
stimulating reabsorption of water from the lumen of renal collecting ducts.  
 
DDAVP® Nasal Spray, was approved in 1978 (NDA 17922) for the treatment of central 
cranial diabetes insipidus, and for the management of temporary polyuria and polydipsia 
following head trauma or surgery in the pituitary region. DDAVP® Nasal Spray was also 
approved for nocturnal enuresis in children aged 6-17 years old, but this indication was 
revoked by the Agency in December 2007 due an association with hyponatremia.  
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DDAVP® Solution/Injection was later also approved for the treatment of hemophilia A 
and Von Willebrand’s disease in 1984 (NDA 18938). Other FDA approved 
desmopressin products include Stimate® (NDA 020355 approved in 1994) for the 
treatment of Hemophilia A and Von Willebrand’s disease; Concentraid (NDA 019776 
approved in 1990) for the renal concentration capacity test, and Minirin® (NDA 021795 
approved in 2008) for central diabetes insipidus, primary nocturnal enuresis, and renal 
concentration capacity test in adults. The indication for primary nocturnal enuresis was 
removed by the Agency in 2013 due to an association with hyponatremia. 
 
The sponsor’s drug, NoctivaTM, is a relatively lower dose (0.75 and 1.5  µg per dose 
spray of 100 µL, compared to 10 µg per dose spray of 100 µL of DDAVP® Nasal Spray) 
reformulation of desmopressin acetate. The proposed dosing regimen of NoctivaTM is an 
intranasal administration of a 100 µL dose via a metered spray once daily approximately 
30 minutes prior to bedtime. There are there are no major concerns regarding the use of 
the active ingredient (desmopressin) in this reformulation based on the proposed dose 
that is approximately 6 to 13 times lower than the clinical dose of the RLD, and the long 
history of safe use in humans with multiple FDA approved marketed products.  
 
However, the sponsor’s reformulation with NoctivaTM contains an excipient, CPD, not 
previously used in products administered by the nasal route. CPD is also known as 
CPE-215 or pentadecalactone. CPD has been included in the sponsor’s formulation to 
facilitate absorption of desmopressin through the nasal mucosa to result in higher 
bioavailability. However, no specific nonclinical studies were submitted to this NDA to 
demonstrate increased bioavailability of desmopressin with NoctivaTM compared to the 
RLD (DDAVP® Nasal Spray).  
 
Although CPD is used in other formulations and via different routes of administration (for 
example, CPD is an inactive ingredient in a transdermal product Testim®), NoctivaTM is 
the first proposed use of CPD in an intranasal formulation. Moreover, regulatory 
background includes concerns based on histopathological findings (squamous 
metaplasia in the nasal cavity) in chronic nonclinical toxicology studies conducted by 

, (under IND ) where CPD was used in an intranasal 
formulation for an insulin spray. Hence, the nonclinical evaluation includes a focus on 
the safety assessment of CPD via the intranasal route of administration.   
 
Three nonclinical toxicology studies were submitted with this NDA. These included a 28-
day bridging toxicology study comparing NoctivaTM with the RLD, and two chronic 
nonclinical toxicology studies evaluating CPD in the rat (26-weeks) and dog (39 weeks).  
All three toxicology studies included an emphasis on evaluation of nasal, oral, and 
pulmonary tissues based on above-mentioned histopathological lesions noted with non-
sponsor conducted ., under IND ) chronic nonclinical 
toxicology studies with CPD.  
 
CPD-related findings were limited to histopathology in the nose. These included minimal 
to slight hyperplasia of the nasal epithelium and mixed cell inflammation consistent with 
an irritant response that were not considered dose limiting. In the 39-week chronic 
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nonclinical toxicology study in the dog, doses of  mg/dog translate to dose 
multiples of 970, 2889, and 5789 times the proposed maximum clinical dose of 1.5 µg 
based on nasal surface area, 
  
In the 26-week chronic nonclinical toxicology study in the rat, doses of  

 mg/rat translate to dose multiples of 458, 1525, 4574, 9136 times the proposed 
maximum clinical dose of 1.5 µg based on nasal surface area. There were no CPD-
related findings in this study. 
 
The 28-day bridging toxicology study in the rat comparing NoctivaTM with the marketed 
desmopressin product (DDAVP® Nasal Spray) at a dose multiple approximately 
equivalent to the proposed clinical dose (1.5 mcg) did not reveal any remarkable 
findings. 
 
A calculation of dose multiples based on the nasal surface area comparing doses 
between species used in the nonclinical toxicology studies and the proposed maximum  
clinical dose in humans is summarized in Table 6 below:   
 
Table 6: Dose Multiples for the Chronic Toxicology Studies 

Study 
Type Species 

*Nasal Surface 
Area Drug 

Dose: 
mg/animal 

Dose: mg/sq 
cm ~Dose Multiple 

28-day 
Study Rat 14 sq cm Desmopressin 0.00015 0.00001071 1.14 

              
39-week 

Study Dog  221 sq cm CPD 970 
        2889 
        5789 
          

26-week 
Study Rat 14 sq cm CPD 458 

        1525 
        4574 
        9136 

*Nasal Surface Area is based on information from Table 2 in Gizurarson, 1990 
~Dose Multiples are based on the proposed clinical dose of 1.5µg or 0.0015 mg and a human adult nasal 
surface area of 160 sq cm, resulting in dose of 0.00000938 mg/sq cm  
 

 
Systemic exposure to CPD could not be confirmed with bioanalytical methods (see 
Section 5). Pharmacokinetic analyses showed high variability and low sporadic 
measurements for CPD. Studies conducted support the sponsor’s conclusion that CPD 
undergoes rapid hydrolysis by endogenous esterases following exposure to CPD and 
does not accumulate. 
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The concern of CPD as a novel excipient (not previously used by the nasal route) was 
allayed given the high dose multiples observed in the chronic nonclinical studies (Table 
6 above), the use of the MFD with regard to dose formulation and species specific limits 
on dosing volume, the lack of adverse histopathological findings at an approximate 
maximum clinical dose in the 28-day rat study compared to the studies conducted by 

 and no remarkable findings in any of the other end-points 
evaluated. The studies evaluating the excipient CPD conducted by  

 included dose volumes that exceeded the MFD and included 
higher frequency of dosing compared to the sponsor-conducted studies for NoctivaTM.  
 
One limitation of the 28-day bridging study in rats is that it was conducted at only an 
equivalent dose multiple of proposed clinical dose. However, given that there were no 
adverse findings at the dose multiple tested, that the dose of the active ingredient is 
lower than the RLD, and that the other ingredients in the formulation were included as 
control groups in the chronic nonclinical toxicology studies in dogs and rats, the 
nonclinical concerns for NoctivaTM formulation appears reasonably safe.  
 
The sponsor-conducted 28-day bridging nonclinical toxicology study with NoctivaTM did 
not include a measurement of electrolytes in the clinical chemistry panel. Hence, 
potential imbalances in Na electrolyte impacting hyponatremia could not be evaluated. 
In light of the concern for clinical hyponatremia with desmopressin products, close 
clinical monitoring for hyponatremia is recommended with the use of NoctivaTM in 
patients. 
 
Carcinogenicity studies with CPD were not conducted based on negative genetic 
toxicology data, limited systemic exposure, absence of accumulation based on 
nonclinical and clinical pharmacokinetic data, and negative histopathology data from the 
two chronic toxicology studies.  A carcinogenicity waiver request was submitted by the 
sponsor. Following review of the toxicology studies, we concur that carcinogenicity 
studies are not required at this time. 
 

The safety of the novel excipient CPD not previously used by the nasal route is 
adequately addressed and from the nonclinical perspective, NoctivaTM appears to be 
reasonably safe for approval. 
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1 Executive Summary 
1.1 Introduction 
This 505(b)(2) application submitted by Serenity Pharmaceuticals, LLC., seeks to 
market their drug product SER120 under the trade name NoctivaTM.  NoctivaTM is a low 
dose intranasal reformulation of an FDA approved drug - DDAVP® Nasal Spray . The 
proposed new indication for NoctivaTM is the treatment of adult patients (age not 
specified) with nocturia. The active pharmaceutical ingredient in both NoctivaTM and the 
reference listed drug (RLD) - DDAVP® Nasal Spray is desmopressin. Desmopressin is 
the synthetic peptide analogue of the human anti-diuretic hormone (ADH) vasopressin. 
The mechanism of action is based on selective V2 agonist activity stimulating 
reabsorption of water from the lumen of renal collecting ducts.  
 
The reference listed drug, DDAVP® Nasal Spray (desmopressin acetate), was approved 
in 1978 (NDA 17922) for the treatment of central cranial diabetes insipidus, and for the 
management of temporary polyuria and polydipsia following head trauma or surgery in 
the pituitary region. DDAVP® Nasal Spray was also approved for nocturnal enuresis in 
children aged 6-17 years old, but this indication was revoked by the Agency in 
December 2007 due an association with hyponatremia.  The sponsor’s drug, NoctivaTM, 
is a lower dose reformulation of the approved desmopressin acetate (0.75 and 1.5  µg 
per dose spray of 100 µL, compared to 10 µg per dose spray of 100 µL of DDAVP® 
Nasal Spray). The proposed dosing regimen of NoctivaTM is an intranasal administration 
of a 100 µL dose via a metered spray once daily approximately 30 minutes prior to 
bedtime. There are no major concerns regarding the use of the active ingredient 
(desmopressin) in this reformulation based on long history of safe use in humans.  
 
However, the sponsor’s reformulation with NoctivaTM contains a novel excipient, 
cyclopentadecanolide (CPD), also known as CPE-215 or pentadecalactone. CPD has 
been included in the sponsor’s formulation to facilitate absorption of desmopressin 
through the nasal mucosa to result in higher bioavailability. Although CPD is used in 
another FDA-approved drug, it is via different route of administration (transdermal 
product Testim®). NoctivaTM is the first proposed use of CPD in an intranasal 
formulation. Moreover, non-sponsor conducted chronic nonclinical toxicology studies by 

 using intranasal CPD (under IND ) revealed 
histopathology lesions (squamous metaplasia in the nasal cavity) of concern. Hence, 
the nonclinical evaluation includes a focus on the safety assessment of CPD via the 
intranasal route of administration, for which the sponsor has obtained a letter of 
authorization (IND ).   
 

1.2 Brief Discussion of Nonclinical Findings 
Based on the long history of clinical use of intranasal desmopressin, and a proposed 
clinical dose for NoctivaTM that is 6 to 13 times lower than the RLD (DDAVP® Nasal 
Spray), there are no specific concerns regarding the use of the active pharmaceutical 
ingredient, desmopressin, in NoctivaTM. 
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However, NoctivaTM contains a novel excipient cyclopentadecanolide (CPD) and 
NoctivaTM is the first proposed use of CPD in an intranasal formulation. Nonclinical 
safety evaluation is primarily focused on the safety profile of this novel excipient, CPD. 
 
CPD-related findings in a 39-week chronic nonclinical toxicology study in the dog were 
limited to histopathology lesions in the nose. These included minimal to slight 
hyperplasia of the nasal epithelium and mixed cell inflammation. Both lesions are 
consistent with an irritant response, and were therefore not considered to be adverse. 
Based on nasal surface area, doses of  mg/dog translate to dose multiples of 
970, 2889, and 5789 times the proposed maximum clinical dose of 1.5 µg (see Section 
11 for dose multiple calculations).  
  
There were no CPD-related findings in the 26-week chronic nonclinical toxicology study 
in the rat. Based on nasal surface area, doses of  mg/rat translate 
to dose multiples of 458, 1525, 4574, 9136 times the proposed maximum clinical dose 
of 1.5 µg (see Section 11 for the dose multiple calculation). 
 
A 28-day rat bridging toxicology study comparing NoctivaTM with the marketed 
desmopressin product (DDAVP® Nasal Spray) did not reveal any remarkable findings. 
Based on nasal surface area, the dose of 150 ng/rat translates to a dose multiple that is 
approximately equivalent to the proposed maximum 1.5 µg clinical dose. 
 
All three toxicology studies included an emphasis on evaluation of nasal, oral, and 
pulmonary tissues based on concerns with non-sponsor conducted chronic nonclinical 
toxicology studies with CPD.  
 
In light of the concern for clinical hyponatremia with desmopressin products, potential 
imbalances in Na electrolyte impacting hyponatremia could not be evaluated since 
the 28-day bridging nonclinical toxicology study with NoctivaTM in the rat, conducted by 
the sponsor, did not include a measurement of electrolytes in the clinical chemistry 
panel.  
 
Carcinogenicity studies with CPD were not conducted based on negative genetic 
toxicology data, limited systemic exposure, absence of accumulation based on 
nonclinical and clinical pharmacokinetic data, and negative histopathology data from the 
two chronic toxicology studies.  A carcinogenicity waiver request was submitted by the 
sponsor. Following review of the toxicology studies, we concur that carcinogenicity 
studies are not required at this time.   
 
There have been no long-term studies in animals to assess the impairment of fertility 
potential of NoctivaTM nasal spray. 

1.3 Recommendations 
1.3.1 Approvability 
From the nonclinical perspective, NoctivaTM appears to be reasonably safe for approval. 
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pump. Hence, the storage conditions for CPD concentrations at % in the nonclinical 
toxicology studies were stored at room temperature (see Section 6).  

2.4 Comments on Novel Excipients 
All excipients in NoctivaTM formulation are listed in FDA’s Inactive Ingredient Database 
and are present in other FDA-approved products with various routes of administration. 
However, three novel excipients (not present in formulations intended for intranasal 
administration) include CPD , cottonseed oil , and sorbitan monolaurate 

. 
 
The sponsor has conducted chronic nonclinical toxicology studies (see Section 6.2) in 
two species to demonstrate the safety of the above three ingredients via intranasal 
administration. Specifically, CPD has been evaluated as the test article, and a separate 
control group includes an emulsion with cottonseed oil and sorbitan monolaurate.  
There were no adverse effects with any of the above excipients from the toxicology 
studies in either species. 

2.5 Comments on Impurities/Degradants of Concern 
Concentration of individual impurities in drug substance (DS) is well below the limit of 
detection using a HPLC method. No peaks (HPLC method) were observed during 
forced degradation (acidic conditions) of the drug product in stability samples stored 
under long term or accelerated conditions.   Contribution from residual solvents from 
any of the process components is well below the ICH limits. Refer to Quality 
Assessment Review for complete details. 

2.6 Proposed Clinical Population and Dosing Regimen 
Adults (age not specified) with nocturia (awakening 2 or more times to void). 
 
The proposed dosing regimen of NoctivaTM is an intranasal administration of a 100 µL 
dose via a metered spray once daily approximately 30 minutes prior to bedtime. 
 
Reviewer Comment:  
The age of the patient population is not clearly specified. Refer to Clinical Review for 
complete details. 

2.7 Regulatory Background 
At the meeting with the sponsor in 2010 (July 30, 2010, Type B Meeting), the FDA 
recommended that a 1 month bridging study be conducted to evaluate and compare the 
local and systemic effects using a standard toxicology tissue battery for histopathology 
evaluation between SER120 product with the RLD (DDAVP® Nasal Spray). Olfactory 
pathway related neuroanatomical areas were specifically requested based on the 
intranasal route of administration. 
 
It was confirmed in a written response dated June 12, 2012, that if systemic exposure of 
CPD could not be demonstrated, then chronic nonclinical toxicology studies would be 
required to support the safety of CPD in SER120. 
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In light of the evidence of histopathology lesions of concern documented in chronic 
nonclinical toxicology studies conducted by  FDA reiterated 
the need for chronic nonclinical toxicology studies with CPD focused on local effects in 
the nasal and respiratory tracts in a Type C meeting in March 2015 (see Meeting 
Minutes dated April 9th, 2014). 
    

3 Studies Submitted 
3.1 Studies Reviewed  
Toxicology: 
Study 8297078: A 39-Week Intranasal Chronic Toxicity Study in Dogs Evaluating 
Cyclopentadecalactone in Bland Emulsions For Nasal, Oral, and Pulmonary Effects with 
an 8-Week Recovery Phase 
 
Study 8297079: A 26-Week Intranasal Chronic Toxicity Study in Rats Evaluating 
Cyclopentadecalactone in Bland Emulsions For Nasal, Oral, and Pulmonary Effects with 
a 4-Week Recovery Phase 
 
Study 8279849: A 28-Day Intranasal Toxicity and Toxicokinetic Study in Rats Evaluating 
SER120 Nasal Spray Compared to Commercial Desmopressin Nasal Spray 
Formulation with a 4-Week Recovery Phase 
 
Pharmacokinetics: 
Study vca11189: Validation of an LC-MS/MS Method for the Determination of 
Desmopressin in Rat Plasma (K3EDTA) 
 
Study 030517: Method Development for Low Level CPD in Plasma 
 
Study 031109: Bioanalytical Method Feasibility of LC-MS/MS Assays for the 
Determination of CPD and 15-OH-Pentadecanoic Acid in Rat Plasma and Investigation 
of Stability of CPD and 15-OH-Pentadecanoic Acid in Plasma 
 
Study 031331: In Vitro Stability of Cyclopentadecanolide (CPD) and 15-Hydroxyl-
pentadecanoic Acid in Rat and Human Whole Blood 
 
Study 031522: Bioanalytical Method Development and Qualification of LC-MS/MS 
Assays for the Determination of CPD and 15-OH-Pentadecanoic Acid in Rat Blood and 
in Human Blood 
 

3.2 Studies Not Reviewed  
Additional non-sponsor conducted supporting nonclinical toxicology studies on CPD 
were submitted with this NDA along with letters of authorization from respective 
sponsors  
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. These studies were not reviewed in detail, since the sponsor-conducted chronic 
nonclinical toxicology studies with CPD in two species with appropriate control groups 
and variables (pH, dose volume and dosing frequency) relevant to NoctivaTM’s 
formulation were considered sufficient to evaluate nonclinical safety. 

3.3 Previous Reviews Referenced 
Dr.Herman Rhee’s nonclinical review for IND  dated October 17, 2006 (DARRTS) 
– for genotoxicity and male fertility studies with CPD. The sponsor has obtained a letter 
of authorization to reference IND   

4 Pharmacology 
4.1 Primary Pharmacology 
No nonclinical studies were submitted for NoctivaTM. 
The pharmacological activity of desmopressin is well understood. Desmopressin 
selectively binds to the vasopressin V2 receptor which is expressed at high 
concentrations in the cells of the renal collecting ducts. By interacting with the V2 
receptor, desmopressin, like ADH, increases water permeability of the kidney allowing 
for the reabsorption of water into the body. 

4.2 Secondary Pharmacology 
A well-known side-effect of desmopressin is hyponatremia.  
Desmopressin has minimal to no binding affinity for the V1 receptors. 
In light of the concern for clinical hyponatremia with desmopressin products, the 
sponsor-conducted 28-day bridging nonclinical toxicology study with NoctivaTM did not 
include a measurement of electrolytes in the clinical chemistry panel. Hence, potential 
imbalances in Na electrolyte impacting hyponatremia could not be evaluated. 

4.3 Safety Pharmacology 
No safety pharmacology studies were submitted for NoctivaTM. 

5 Pharmacokinetics/ADME/Toxicokinetics 
5.1 PK/ADME 
Reviewer Comment: 
No specific nonclinical studies were submitted to this NDA to demonstrate increased 
bioavailability of desmopressin with NoctivaTM compared to the RLD (DDAVP® Nasal 
Spray). 
 
Sponsor-submitted pharmacokinetic nonclinical studies are summarized below: 
 
Desmopressin: 
Study vca11189: Validation of an LC-MS/MS Method for the Determination of 
Desmopressin in Rat Plasma (K3EDTA) 
Summary: This bioanalytical method showed an acceptable bioanalytical 
performance for the determination of desmopressin in rat plasma (K3EDTA) over the 
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calibration range of 4.00 to 250 pg/mL using an assay volume of 500 µL. 
 
CPD: 
Study 030517: Method Development for Low Level CPD in Plasma 
Summary: In this study, an attempt was made to develop a gas chromatography-mass 
spectrometry (GC-MS) method for the analysis of the low level cyclopentadecanolide 
(CPD) in rat plasma with the ranges of  μg/mL in plasma. Although GC-MS 
conditions to analyze CPD and internal standard at the limit of quantitation (LOQ)  
of ng/mL in a neat solvent was successful, extraction and analysis of the CPD 
from rat plasma was unsuccessful. 
 
Study 031109: Bioanalytical Method Feasibility of LC-MS/MS Assays for the 
Determination of CPD and 15-OH-Pentadecanoic Acid in Rat Plasma and Investigation 
of Stability of CPD and 15-OH-Pentadecanoic Acid in Plasma 
Summary: In this study, LC-MS/MS analysis conditions, as well as stability of 
cyclopentadecanolide (CPD) and its hydrolysis product, 15-OH-pentadecanoic acid 
were investigated in the development of bioanalytical assays for in rat plasma. Results 
indicated that: 

1) The quantitation range for CPD with NaF treated plasma was linear only between 
 ng/mL. CPD was unstable in untreated rat plasma since it was 

rapidly hydrolyzed by esterases. Recommendations for improving  
sensitivity and linearity included the use of NaF/ascorbic acid to better inhibit 
esterase hydrolysis of CPD and modification of chromatography conditions to 
reduce coelution of materials causing suppression. 

2) The single product of esterase hydrolysis of CPD in rat plasma was 15-OH-
Pentadecanoic acid (15-OH-PDA) that could serve as a potential surrogate for 
CPD absorption. The quantitation range for 15-OH-PDA was linear from  

 ng/mL with no apparent issues that would prevent validation. 15-OH-PDA 
was stable in untreated rat plasma for up to 1 hour at 37 °C. 

 
Study 031331: In Vitro Stability of Cyclopentadecanolide (CPD) and 15-Hydroxyl-
pentadecanoic Acid in Rat and Human Whole Blood 
Summary: In this study, the stability of cyclopentadecanolide (CPD) and 15-OH-
pentadecanoic acid incubated in fresh rat and human whole blood was evaluated. 
whole blood at 37°C. 15-OH-pentadecanoic acid is stable in rat and human 
Results showed that CPD is unstable in rat whole blood and marginally stable in human 
whole blood. 
 
Study 031522: Bioanalytical Method Development and Qualification of LC-MS/MS 
Assays for the Determination of CPD and 15-OH-Pentadecanoic Acid in Rat Blood and 
in Human Blood 
Summary: The objective of this study was to develop and qualify bioanalytical methods 
for the analysis of CPD and its hydrolysis product 15-OH-pentadecanoic acid in rat 
blood. The biological matrix for assay was changed from blood or plasma to acetonitrile 
precipitated blood (APB) to stop esterase hydrolysis of CPD present at blood sample 
collection, and to eliminate LC-MS/MS ionization suppression. The method for CPD in 

Reference ID: 3979783

(b) (4)

(b) 
(4)

(b) (4)

(b) (4)



NDA 201656   Reviewer: Deepa Rao DVM, PhD. 
 

 

 

acetonitrile precipitated blood was linear from  ng/mL (equivalent to  
 ng/mL in blood). 

The method for 15-OH-pentadecanoic acid was changed from that reported for Study 
031109 to one based on  in the negative ionization mode to improve sensitivity. 
Two quantitation ranges were evaluated to help compensate for the narrow linear 
dynamic range. The low quantitation range was linear from  ng/mL (equivalent to 

 ng/mL in blood), and the high quantitation range was linear from  
ng/mL (equivalent to  ng/mL in blood). Stability in matrix was not of concern 
as 15-OH-PDA was the hydrolysis product of CPD.  
During the course of this work, examination of control rat and control human plasma for 
the presence of 15-hydroxyl-pentadecanoic acid as an endogenous component was 
added to the objective. Analysis of control rat and human plasma for endogenous 15-
OH-PDA in did not show any 15-OH-PDA greater than the response for  ng/mL in 
plasma. 
 

6 General Toxicology 
All toxicology studies reviewed in this section focus on the toxicity of the novel excipient 
in NoctivaTM, namely, CPD. 

6.1 Single-Dose Toxicity 
None submitted 

6.2 Repeat-Dose Toxicity 
Study title:  A 28-Day Intranasal Toxicity and Toxicokinetic Study in Rats 
Evaluating SER120 Nasal Spray Compared to Commercial Desmopressin Nasal 
Spray Formulation with a 4-Week Recovery Phase 
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Drug Delivery Device: The dose was administered by using an adjustable micropipette, 
and a new pipette tip was used for each animal.  
 
Dose Administration: Animals were held upright for a period of time (approximately 15 
seconds (Day 1 of the dosing phase) or approximately 5 seconds (Days 2 through 15 of 
the dosing phase).  
 
Note: Protocol deviation was noted from Day 1-15 of the dosing phase where holding 
each animal upright following dose administration was not documented. 
 

Observations and Results 
Mortality 
All animals survived to the respectively scheduled terminal and recovery sacrifice. 
 
Clinical Signs 
Clinical signs noted were non-specific and/or sporadic changes not considered to be 
adverse or related to the administration of CPD. 
 
Body Weights 
No differences in body weight or body weight change were noted among the treatment 
groups during the dosing or recovery phase. 
 
Feed Consumption 
No differences in food consumption were noted among the treatment groups during the 
dosing or recovery phase. 
Ophthalmoscopy 
Vitreal hemorrhage in one male given the comparator drug, desmopressin (Group 4) 
was considered an unrelated  
ECG 
Not conducted. 
Hematology 
No SER120-related changes were present on Day 29 of the dosing phase or Day 29 of 
the recovery phase in hematology and coagulation test results of animals given 150 
ng/dose compared with placebo, saline, or untreated controls and desmopressin-treated 
animals.  
Clinical Chemistry 
No SER120-related changes were present on Day 29 of the dosing phase or Day 29 of 
the recovery phase in clinical chemistry test results of animals given 150 ng/dose 
compared with placebo, saline, or untreated controls and desmopressin-treated 
animals.  
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Urinalysis 
No SER120-related changes were present on Day 29 of the dosing phase or Day 29 of 
the recovery phase in clinical chemistry test results of animals given 150 ng/dose 
compared with placebo, saline, or untreated controls and desmopressin-treated 
animals.  
Gross Pathology 
No macroscopic observations were attributed to administration of SER120 (150 ng 
desmopressin/dose) or desmopressin (1000 ng/dose). 
Organ Weights 
No organ weight differences were attributed to administration of SER120 
(150 ng desmopressin/dose) or desmopressin (1000 ng/dose) at the terminal or 
recovery sacrifice. 
Histopathology 
Adequate Battery: Yes. 
Protocol specified brain structures included olfactory bulbs, piriform cortex, amygdala, 
and entorhinal cortex. 
 
Peer Review: No 
 
Histological Findings 
No microscopic observations were attributed to administration of SER120 (150 ng 
desmopressin/dose) or desmopressin (1000 ng/dose). In particular, no findings were 
noted in the nasal turbinates (site of administration) or protocol-specified brain 
structures involved in olfaction (olfactory bulbs, piriform cortex, amygdala, and 
entorhinal cortex). 
 

Toxicokinetics 
Samples from Group 1 (Placebo control containing % CPD at pH 5.5±0.5)   
were analyzed for CPD and its metabolite (15-hydroxyl-pentadecanoic acid - 15-OH- 
PDA) using liquid chromatography-tandem mass spectrometry (LC/MS-MS) assays. 
Neither CPD nor 15-OH- PDA was observed with a response sufficiently above the 
control plasma response from which to calculate a concentration or to make estimates 
of analyte concentrations. As a result, toxicokinetic values could not be calculated. 
Samples from Group 2, 4, and 5 were analyzed for systemic desmopressin content 
using a validated liquid chromatography/mass spectrometry assay. The analyses 
revealed very low concentrations of desmopressin in sporadic animals from Groups 4 
and 5. In animals treated with commercial desmopressin (Group 4), a total of 9 of 36 
samples had desmopressin ranging between 4.10 to13.1 pg/mL. In animals treated with 
SER120, a total of 3 of 36 samples had desmopressin ranging between 4.23 to 6.77 
pg/mL. Desmopressin was not detected in Group 2 animals. Given the intermittent 
nature of the systemic levels, toxicokinetic values could not be calculated. 
Group 3 was an untreated control group.  
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Reviewer Comments: 
Dose: The % CPD formulations were stored at room temperature. 
The % CPD formulations were stored in a refrigerator, set to maintain 2 to 8°C, until 
removed for dosing, and were used within 4 hours of removal from refrigerated storage. 
See Reviewer Comment under Section 2.3 for an explanation on differences in storage 
conditions for % CPD.  
 
Dose Volume: The dose volume used in this nonclinical study reached the maximum 
dose volume for the dog of 100 μL per nostril in the dog (Gad et al, 2006). The dose 
volume in Groups 1, 4, and 6 is equivalent to the volume of drug (Group 4) administered 
to obtain the same volume per surface area as in man (Gizurarson, 1990).  
 
Drug Delivery Device: As stated in the Nonclinical Overview (Module 2.6.1), the dose 
actuating device used in this nonclinical study for test article delivery via intranasal 
administration was confirmed to be the clinical delivery device, namely, the  

Nasal Spray Pump the clinical delivery device).  Each device 
delivered 100 μL of spray/actuation cycle. 
 
Dose Administration: For each nostril dosed, the head of the animal was held downward 
during the dose and for at least 30 seconds postdose. 
 
Results: 
Mortality 
All animals survived to the respective scheduled terminal and recovery sacrifice. 
Clinical Signs 
Clinical signs noted were non-specific and/or sporadic changes not considered to be 
adverse or related to the administration of CPD.  
Body Weights 
Statistical differences for treated groups was limited to changes in the high dose males 
(Group 4) treated with CPD (  mg/animal) compared to the saline control group (Group 
6).This is considered non-adverse based the marginally lower weights of the saline 
control groups relative to other groups, and on the unremarkable differences between 
the high dose males and the emulsion control group (Group 1). All other statistical 
differences were limited to changes between the control groups (Group 1, 5, and 6).  
Feed Consumption 
Mean food consumption of animals given ≤  mg/animal CPD were similar to those of 
emulsion control during the dosing and recovery phases. 
Ophthalmoscopy 
Abnormalities were limited to a single incidence of epiphora (watery eye) in one saline 
control female and one high dose female.  These findings were considered incidental 
and not related to the administration of CPD. 
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Hematology and Coagulation 
No CPD-related hematology and coagulation effects were present during the dosing or 
recovery phase in animals given CPD compared with those given emulsion or saline 
control. 
Clinical Chemistry 
No CPD-related clinical chemistry effects were present during the dosing or recovery 
phase in animals given CPD compared with those given emulsion or saline control. 
Urinalysis 
No CPD-related urinalysis effects were present during the dosing or recovery phase in 
animals given CPD compared with those given emulsion or saline control. 
 
Toxicokinetics 
Plasma analyses revealed sporadic, low levels of desmopressin in the animals treated 
with desmopressin or SER120. Neither CPD nor 15-OH- PDA (metabolite of CPD) was 
observed with a response sufficiently above the control plasma response from which to 
calculate a concentration or to make estimates of analyte concentrations. As a result, no 
toxicokinetic parameters could be calculated from these data for any analyte. 
Organ Weights 
No CPD-related organ weight effects were noted at the terminal or recovery sacrifice. 
Gross Pathology 
No CPD-related macroscopic findings were noted at the terminal or recovery sacrifice. 
Histopathology 
Adequate Battery 
Histopathology was limited to nasal, oral, and pulmonary tissues. The focus on select 
tissues was based on concurrence with FDA (Type C Meeting Minutes dated March 9, 
2014 under IND 76667).  
 

At the terminal sacrifice, the following tissues were processed to histologic slides and 
examined: the larynx (three sections), lung with large bronchi (one cross-section from 
each of the four major lobes), nares, nasal turbinates (including nasal sinuses), 
nasopharynx, tongue, trachea, and macroscopic lesions.  
 
At the recovery sacrifice, only the nasal turbinates of females were examined 
microscopically (since CPD-related microscopic findings were limited to the nasal 
turbinates of terminal sacrifice females). 
 

For chronic systemic toxicity evaluation, the full battery of routine tissues for 
histopathology was agreed to be unnecessary based on the sponsor’s right of reference 
for IND  (which includes chronic rat and dog studies with complete 
histopathology).   
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by mucociliary respiratory epithelium. Nasal responses to inhaled irritants have been 
well studied in rats, monkeys, and mice. In all of these species, commonly reported 
findings after irritant exposure are transitional epithelial hyperplasia, mucus cell 
hyperplasia, and variable acute inflammation, with a lower incidence and severity of 
squamous epithelial hyperplasia. These findings characteristically exhibit a distinct 
anterior-posterior gradient (Harkema, 1990; 2006; Buckley, et al., 1984). 
Based on the similarity between nasal findings commonly reported after exposure to 
irritants in the published literature and findings observed in the most rostral sections of 
the nasal cavity in this study, all CPD-related nasal turbinate findings were interpreted 
as irritant responses. None of these findings were considered adverse, based on the 
limited severity and absence of correlative clinical observations. No CPD-related 
findings were present in the nares, the two most caudal sections of nasal turbinates, the 
nasal sinuses, nasopharynx, tongue, larynx, trachea, or lungs. 
 
Dosing Solution Analysis 
All formulations (test article and emulsion control) were provided as ready-to-use 
formulations in dose-actuating devices by the sponsor; or acquired commercially (saline 
control) and filled in dose-actuating devices provided by the sponsor. Dose analysis was 
not conducted. 
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Observations and Results 
Mortality 
One Group 4 female (Phase II) given  mg/animal (high dose CPD) was found dead 
shortly after dosing on Day 170. Based on histopathology findings [slight acute 
hemorrhage and minimal pigment (hemosiderin suggestive of past hemorrhage)] 
present in the aortic adventitia at the heart base, and timing of death (after dosing 
procedure), the cause of death was attributed to physical handling procedure. 
Clinical Signs 
No CPD related adverse events were noted. Clinical observations were similar between 
treated and all control groups. 
Body Weights 
No persistent differences in body weight or body weight change were attributed to CPD 
when compared to the emulsion, saline, or undosed controls, respectively. 
Feed Consumption 
No differences in food consumption were attributed to CPD when compared to the 
emulsion, saline, or undosed controls, respectively. 
Ophthalmoscopy 
No ophthalmic abnormalities were attributed to CPD at ≤  mg/dose. 
ECG 
Not done 
Hematology 
No CPD-related hematology and coagulation effects were present during the dosing or 
recovery phase compared with animals given emulsion control or saline control or 
during the dosing phase compared with the untreated controls. 
Clinical Chemistry 
No CPD-related clinical chemistry effects were present during the dosing or recovery 
phase compared with animals given emulsion control or saline control or during the 
dosing phase compared with the untreated controls. 
Urinalysis 
No CPD-related urinalysis effects were present during the dosing or recovery phase 
compared with animals given emulsion control or saline control or during the dosing 
phase compared with the untreated controls. 
Gross Pathology 
No CPD-related macroscopic findings were noted at the terminal or recovery sacrifice. 
Organ Weights 
No CPD-related organ weight effects were noted at the terminal or recovery sacrifice. 
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Histopathology 
Adequate Battery 
Yes 
 
The focus on select tissues (larynx, lung, nasal turbinates) was based on concurrence 
with FDA (Type C Meeting Minutes dated March 9, 2014 under IND 76667). However, 
unlike the 39-week dog study reviewed above, histopathology included complete 
evaluation of the routine battery of tissues at terminal sacrifice. Evaluation of tissues 
following recovery sacrifice was contingent on findings at the terminal sacrifice. 
 
For larynx, three step sections were prepared. For the lung with large bronchi, one 
cross-section was prepared from each of the four major lobes. For nasal turbinates, four 
sections were prepared. Nasal turbinates and larynx were processed to slide according 
to study-specific procedures. 
 
Peer Review 
Yes 
 
Histological Findings 
No CPD-related microscopic findings were present at the terminal sacrifice. 
Accordingly, tissues were not examined from recovery sacrifice animals. 
Toxicokinetics 
Not conducted 
Dosing Solution Analysis 
Test article and emulsion control formulations were provided by the sponsor, and 
dispensed for dosing at least monthly by  according to the mixing procedure. 
Each bottle was dispensed for use on a single day according to the dispensing 
procedure, as directed by the Protocol. Dose analysis was not conducted. 
 

7 Genetic Toxicology 
Desmopressin: No genetic toxicity studies have been performed. 
 
CPD: Genetic toxicity studies were conducted by  and 
reviewed under IND  by Dr.Herman Rhee (dated October 17, 2006) and for which 
the sponsor has obtained a letter of authorization to reference. These studies included 
the mouse lymphoma forward mutation assay, an in vivo mouse micronucleus assay, 
and the Salmonella-E.Coli/Mammalian-Microsome Reverse Mutation Assay (Ames 
Assay). All tests were negative for genetic toxicity. 
 

8 Carcinogenicity 
Desmopressin: 
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There have been no long-term studies in animals to assess the carcinogenic or 
mutagenic potential of NoctivaTM nasal spray. 
 
CPD: 
Carcinogenicity studies with CPD were not conducted based on negative genetic 
toxicology data, limited systemic exposure, absence of accumulation based on 
nonclinical and clinical pharmacokinetic data, and negative histopathology data from the 
two chronic nonclinical toxicology studies.  A carcinogenicity waiver request was 
submitted by the sponsor under IND 76667. Following review of the toxicology studies, 
the Agency concurs that carcinogenicity studies are not required at this time.   
 

9 Reproductive and Developmental Toxicology 
Desmopressin: 
There have been no long-term studies in animals to assess the impairment of fertility 
potential of NoctivaTM nasal spray. 
 
CPD:  
Male fertility tests in rats were conducted and reviewed under IND  by Dr. Herman 
Rhee (dated October 17, 2006). No remarkable CPD-related effects were noted in 
sperm evaluation (cauda weight, sperm motility, progressive motility, and velocity), 
reproductive organ weights (epididymides, prostate, seminal vesicles and testes), and 
pregnancy performance.    

10 Special Toxicology Studies 
None 

11 Integrated Summary and Safety Evaluation 
This 505(b)(2) application submitted by Serenity Pharmaceuticals, LLC., seeks to 
market their drug product SER120 containing desmopressin as NoctivaTM.  NoctivaTM is 
a low dose intranasal reformulation of an FDA approved desmopressin drug product, 
namely, DDAVP® Nasal Spray. The proposed new clinical indication for the use of 
NoctivaTM is the treatment of adult patients (age not specified) with nocturia. The active 
ingredient in both NoctivaTM and the reference listed drug (RLD), namely, DDAVP® 
Nasal Spray, is desmopressin acetate.  
 
Desmopressin is the synthetic peptide analogue of the human anti-diuretic hormone 
(ADH) vasopressin. The mechanism of action is based on selective V2 agonist activity 
stimulating reabsorption of water from the lumen of renal collecting ducts.  
 
DDAVP® Nasal Spray, was approved in 1978 (NDA 17922) for the treatment of central 
cranial diabetes insipidus, and for the management of temporary polyuria and polydipsia 
following head trauma or surgery in the pituitary region. DDAVP® Nasal Spray was also 
approved for nocturnal enuresis in children aged 6-17 years old, but this indication was 
revoked by the Agency in December 2007 due an association with hyponatremia.  
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DDAVP® Solution/Injection was later also approved for the treatment of hemophilia A 
and Von Willebrand’s disease in 1984 (NDA 18938). Other FDA approved 
desmopressin products include Stimate® (NDA 020355 approved in 1994) for the 
treatment of Hemophilia A and Von Willebrand’s disease; Concentraid (NDA 019776 
approved in 1990) for the renal concentration capacity test, and Minirin® (NDA 021795 
approved in 2008) for central diabetes insipidus, primary nocturnal enuresis, and renal 
concentration capacity test in adults. The indication for primary nocturnal enuresis was 
removed by the Agency in 2013 due to an association with hyponatremia. 
 
The sponsor’s drug, NoctivaTM, is a relatively lower dose (0.75 and 1.5  µg per dose 
spray of 100 µL, compared to 10 µg per dose spray of 100 µL of DDAVP® Nasal Spray) 
reformulation of desmopressin acetate. The proposed dosing regimen of NoctivaTM is an 
intranasal administration of a 100 µL dose via a metered spray once daily approximately 
30 minutes prior to bedtime. There are there are no major concerns regarding the use of 
the active ingredient (desmopressin) in this reformulation based on the proposed dose 
that is approximately 6 to 13 times lower than the clinical dose of the RLD, and the long 
history of safe use in humans with multiple FDA approved marketed products.  
 
However, the sponsor’s reformulation with NoctivaTM contains a novel excipient CPD. 
CPD is also known as CPE-215 or pentadecalactone. CPD has been included in the 
sponsor’s formulation to facilitate absorption of desmopressin through the nasal mucosa 
to result in higher bioavailability. However, no specific nonclinical studies were 
submitted to this NDA to demonstrate increased bioavailability of desmopressin with 
NoctivaTM compared to the RLD (DDAVP® Nasal Spray).  
 
Although CPD is used in other formulations and via different routes of administration (for 
example, CPD is an inactive ingredient in a transdermal product Testim®), NoctivaTM is 
the first proposed use of CPD in an intranasal formulation. Moreover, regulatory 
background includes concerns based on histopathological findings (squamous 
metaplasia in the nasal cavity) in chronic nonclinical toxicology studies conducted by 

 (under IND ) where CPD was used in an intranasal 
formulation for an insulin spray. Hence, the nonclinical evaluation includes a focus on 
the safety assessment of CPD via the intranasal route of administration.   
 
Three nonclinical toxicology studies were submitted with this NDA. These included a 28-
day bridging toxicology study comparing NoctivaTM with the RLD, and two chronic 
nonclinical toxicology studies evaluating CPD in the rat (26-weeks) and dog (39 weeks).  
All three toxicology studies included an emphasis on evaluation of nasal, oral, and 
pulmonary tissues based on above-mentioned histopathological lesions noted with non-
sponsor conducted (  under IND ) chronic nonclinical 
toxicology studies with CPD.  
 
CPD-related findings were limited to histopathology in the nose. These included minimal 
to slight hyperplasia of the nasal epithelium and mixed cell inflammation consistent with 
an irritant response, and therefore were not considered to be adverse. In the 39-week 
chronic nonclinical toxicology study in the dog, doses of mg/dog translate to 
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dose multiples of 970, 2889, and 5789 times the proposed maximum clinical dose of 1.5 
µg based on nasal surface area, 
  
In the 26-week chronic nonclinical toxicology study in the rat, doses of  

mg/rat translate to dose multiples of 458, 1525, 4574, 9136 times the proposed 
maximum clinical dose of 1.5 µg based on nasal surface area. There were no CPD-
related findings in this study. 
 
The 28-day bridging toxicology study in the rat comparing NoctivaTM with the marketed 
desmopressin product (DDAVP® Nasal Spray) at a dose multiple approximately 
equivalent to the proposed clinical dose (1.5 mcg) did not reveal any remarkable 
findings. 
 
A calculation of dose multiples based on the nasal surface area comparing doses 
between species used in the nonclinical toxicology studies and the proposed maximum  
clinical dose in humans is summarized in Table 6 below:   
 
Table 6: Dose Multiples for the Chronic Toxicology Studies 

Study 
Type Species 

*Nasal Surface 
Area Drug 

Dose: 
mg/animal 

Dose: mg/sq 
cm ~Dose Multiple 

28-day 
Study Rat 14 sq cm Desmopressin 0.00015 0.00001071 1.14 

              
39-week 

Study Dog  221 sq cm CPD 970 
        2889 
        5789 
          

26-week 
Study Rat 14 sq cm CPD 458 

        1525 
        4574 
        9136 

*Nasal Surface Area is based on information from Table 2 in Gizurarson, 1990 
~Dose Multiples are based on the proposed clinical dose of 1.5µg or 0.0015 mg and a human adult nasal 
surface area of 160 sq cm, resulting in dose of 0.00000938 mg/sq cm  
 

 
Systemic exposure to CPD could not be confirmed with bioanalytical methods (see 
Section 5). Pharmacokinetic analyses showed high variability and low sporadic 
measurements for CPD. Studies conducted support the sponsor’s conclusion that CPD 
undergoes rapid hydrolysis by endogenous esterases following exposure to CPD and 
does not accumulate. 
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The concern of CPD as a novel excipient was allayed given the high dose multiples 
observed in the chronic nonclinical studies (Table 6 above), the use of the MFD with 
regard to dose formulation and species specific limits on dosing volume, the lack of 
adverse histopathological findings at an approximate maximum clinical dose in the 28-
day rat study compared to the studies conducted by  and 
no remarkable findings in any of the other end-points evaluated. The studies evaluating 
the excipient CPD conducted by  included dose volumes 
that exceeded the MFD and included higher frequency of dosing compared to the 
sponsor-conducted studies for NoctivaTM.  
 
One limitation of the 28-day bridging study in rats is that it was conducted at only an 
equivalent dose multiple of proposed clinical dose. However, given that there were no 
adverse findings at the dose multiple tested, that the dose of the active ingredient is 
lower than the RLD, and that the other ingredients in the formulation were included as 
control groups in the chronic nonclinical toxicology studies in dogs and rats, the 
nonclinical concerns for NoctivaTM formulation appears reasonably safe.  
 
The sponsor-conducted 28-day bridging nonclinical toxicology study with NoctivaTM did 
not include a measurement of electrolytes in the clinical chemistry panel. Hence, 
potential imbalances in Na electrolyte impacting hyponatremia could not be evaluated. 
In light of the concern for clinical hyponatremia with desmopressin products, close 
clinical monitoring for hyponatremia is recommended with the use of NoctivaTM in 
patients. 
 
Carcinogenicity studies with CPD were not conducted based on negative genetic 
toxicology data, limited systemic exposure, absence of accumulation based on 
nonclinical and clinical pharmacokinetic data, and negative histopathology data from the 
two chronic toxicology studies.  A carcinogenicity waiver request was submitted by the 
sponsor. Following review of the toxicology studies, we concur that carcinogenicity 
studies are not required at this time. 
 
The safety of the novel excipient CPD is adequately addressed and from the nonclinical 
perspective, NoctivaTM appears to be reasonably safe for approval. 
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Disclaimer:  Tabular and graphical information are constructed by the reviewer unless 
cited otherwise.  
 
Studies reviewed within this submission:   
 
4-Week Intranasal Instillation Toxicity Study with Insulin Formulations A and D in Rats 
(Study#7639-100) 
 
13-Week Intranasal Instillation Toxicity Study with Insulin Rats with 4-Week Recovery 
(Study#7639-102) 
 
13-Week Intranasal Instillation Toxicity Study with Insulin in Dogs (Study#7639-103) 
 
90-Day Repeated Dose Dermal Toxicity Study in Rats with 15-PPAEE (Study#014938) 
 
Genotoxicity studies with pentadecalactone (exaltolide): 
 
1) L5178Y TK +/- Mouse Lymphoma Forward Mutation Assay with a Confirmatory 
Assay with Exaltolide (Pentadecalactone) (Study#22572-0-431 ICH) 
2) In Vivo Mouse Micronucleus Assay with Exaltolide (Pentadecalactone) 
(Study#22572-0-455OECD) 
3) Salmonella-Escherichia coli/Mammalian-Microsome Reverse Mutation Assay  with 
Exaltolide (Pentadecalactone)(22572-0-409 OECD) 
 
Effects of Pentadecalactone (Exaltolide) on Male Fertility in Rats (  

#493050, Report#20650) 
 
 
Studies not reviewed within this submission: 
Acute pharmacology and toxicology studies and 28-day rat ( ). 

(b) (4)
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2.6.2.3 Secondary pharmacodynamics   
The sponsor did not provide relevant data. 
 
2.6.2.4 Safety pharmacology   
The sponsor did not provide relevant data. 
 
 2.6.2.5 Pharmacodynamic drug interactions   
The sponsor did not provide relevant data. 
 

2.6.3 PHARMACOLOGY TABULATED SUMMARY  

2.6.4 PHARMACOKINETICS/TOXICOKINETICS 

The sponsor’s PK/TK data are largely based on several their ADME studies in pigs.  
The pig’s jugular veins were cannulated surgically for blood samplings 4 to 6 days 
before the study. At the time of dosing of nasal insulin, the pigs were restrained in a 
cloth sling. The pigs were afterwards free to move about their respective individual 
pens and were only temporarily restrained in close quarters at the front of the pen with 
a movable wooden gate at the time of blood sampling. Each pig was dosed twice with 
each of the four different formulations over a two week period with at least 18 hours 
between treatments. The intranasal dosing entailed dispensing 100 μL of a % insulin 
emulsion through an aerosol doser (human type intranasal actuator), once per each 
nostril (Total dose 50 IU), or subcutaneous dosing of insulin for the comparison 
purpose as presented below.  
 
 
2.6.4.1 Brief summary   
The results showed that there were acceptable reductions in blood glucose values, as 
measured in blood by the hexokinase enzymatic method, which is consistent with 
findings after subcutaneous insulin administration.  For intranasal Formulation B, 
glucodynamic reduction was seen with a more rapid onset, faster to trough, but of 
shorter 
duration (90-120 min.) than SQ (180 min.). Formulation C had a similar rapid onset to 
B, but of less magnitude. Formulation D, the historic negative control, was devoid of 
appreciable glucodynamic activity. The reproducibility, both intradose and day to day, 
was good (no variances of any treatment differed significantly) as shown below (Figure 
2 from Study BP006-03). Formulation B is equivalent to the clinical formulation. The 
glucodynamic effect of formulation B is equivalent to sc formulation A up to 60 
minutes post-dose iv, but this effect was no sustained. 
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2.6.4.2 Methods and Analysis  
 
The sponsor had at least 6 different insulin formulations which have different enhancers, 
osmolalities, additives, surfactants tested in mini-pigs to optimize the formulation as 
shown below. All formulations have % insulin, at pH 3.5. In order to quantitate the 
insulin absorption with subsequent reduction in blood glucose, the sponsor administered 
the Insulin Instillation Spray (IIS) to four pigs in Latin Quarter design as shown below.  
 
The method is semi-quantitative, able to differentiate positive and negative controls, as 
well as discriminating effectiveness of formulation composition. The intranasal 
formulation in which insulin is the acidic form efficiently permeates the nasal mucosa; 
with insulin in a neutral form, it is less efficiently delivered. Heparinized plasma was 
analyzed for insulin concentration using a commercial RIA assay for insulin  

K). Insulin was reported in 
micro International Units/milliliter of plasma (μU/mL). Glucose was measured at the 
time of collection using a Glucometer (Lifescan) and  was expressed in mg/dL. The 
figure below shows the formulations that were tested in pigs according to Latin quarter 
crossover design. 
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 Components of each Formulations and the Final pH that were tested in Pigs   
Formulation FFF % insulin % CPE-215, pH 3.5 
Formulation GGG % insulin % CPE-215, 20 mM NaCl, pH 3.5 
Formulation HHH % insulin % CPE-215, 0.6% NaCl, 2X tween20 
Formulation JJJ % insulin % Isopropyl Palmitate, pH 3.5 
Formulation KKK % insulin % CPE-215,  pH 3.5 
Formulation NNN % insulin % CPE-215, 20 mM picolinic acid, pH 3.5 
Formulation PPP % insulin % CPE-215, 100 mM NaCl, pH 3.5 
 
 
 
 
2.6.4.3 Absorption   
Mean insulin absorption after different formulation is shown below (Fig.4).  It 
appears that all formulations were not absorbed at the same extent, although Tmax 
appears to be 10 to 15 minutes as shown (Fig. 4). The higher the osmolarity, the 
worse is the performance of the formulation. The only difference between 
Formulation FFF, GGG and PPP is the sodium chloride concentration. Formulation 
FFF has the least sodium chloride concentration; Formulation GGG only has 
around  % sodium chloride, but it is already less effective than Formulation FFF 
in blood glucose reduction. Formulation PPP has the highest sodium chloride 
concentration (still hypotonic), but has the least  glucose reduction effect of all 
formulations. The addition of picolinic acid did not improve the glucose reduction 
(compare FFF and NNN). A previous study (pig Study 05-01) shows that the 
addition of picolinic acid may improve the performance slightly as the mean is 
considered, but the differences were not significant in that study among the 
comparators. Combining the two studies together, it can be seen that adding 
picolinic acid or not does not significantly change the performance of the basic 
formulation.  
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It appears that isopropyl palmitate is inferior to the CPE-215 in this study. 
Surfactants  improved the absorption of insulin as shown (KKK 
group). As a direct result of insulin absorption after its instillation, the levels of 
plasma glucose were decreased (Fig. 3).  
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OTHER PHARMACOKINETIC STUDIES: NONE. 
 
2.6.4.9 Discussion and Conclusions: The sponsor provided relevant findings on drug absorption 
as summarized above. However, there were no data on distribution, metabolism, excretion and 
pharmacokinetic drug interactions, although the information with insulin is documented extensively. 
 
2.6.6 TOXICOLOGY 
 
2.6.6.1 Overall toxicology summary   
 
The preclinical safety profile of intranasal recombinant human insulin was assessed 
from 1) pilot toxicity studies conducted in normal male and female rats and dogs and 2) 
repeated dose toxicity studies for up to 90 days in normal rats and dogs. The intranasal 
recombinant human insulin [rh insulin] was administered to rats and dogs by nose only 
instillation as an emulsion formulation. The preclinical safety profile of recombinant 
human insulin is well defined, essentially related to exaggerated pharmacological 
manifestations associated with hypoglycemia. The toxicology testing program was 
conducted using purebred rats and dogs, and was intended to assess the potential for local 
and systemic adverse effects associated with intranasal instillation of a % rh insulin % 
CPE-215 formulation. Other non-clinical toxicology studies to support the safety of CPE-
215 as a pharmaceutical excipient have been completed and include general toxicity and 
genotoxic studies. These studies are summarized below 
 
General toxicology:   
Please see repeated dose studies presented below. 
 
Genetic toxicology:   
The sponsor submitted the following three genetic toxicology studies: in vitro Ames, 
mouse lymphoma, in vivo mouse micronucleus tests, which are all negative. The genetic 
toxicity of rh-insulin is well characterized and it has used successfully so many years.  
The sponsor submitted the genetic toxicology data in this IND with pentadecalactone, an 
excipient.  The three genotoxicity studies are reviewed under relevant sub-heading. 
 
 

(b) 
(4)
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Carcinogenicity:   
NA 
 
Reproductive toxicology:   
 
The sponsor submitted the following one reproductive toxicology, which was 
reviewed under relevant section below. 

 
 
Special toxicology:  NA 
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Study Title: 28-Day Intranasal Instillation Toxicity Study with Insulin Formulations 
A and D in Rats 

 
Key findings:  

One rats from group 5 died, which was due to accidental cage injury, according to 
the sponsor. Clinical findings were not remarkable. The test article had no effects on 
food consumption, body weight, ophthalmic and urine examinations. Treatment-
related decreases in glucose were observed in male and female animals, which 
hypoglycemic  effects were shortening on Day 23, compared those on Day one for 
some reasons.  It is not known that the reduced effects were due to the potential 
reduction of insulin bioavailability due to histopathological changes in nasal 
passages such as thickening of nasal turbinates. The test article increased in ALT 
levels. Repetitive stimulation on nasal passages may increase eosinophils in 
epithelium as seen in gross histopathology examination, which was confirmed in 
microscopic histopathologic demonstration of eosinophils, alveolar macrophage, and 
sinus globlets. NOAEL = 1.85 IU insulin/cm2 /day.   
 
 
Study No:  7639-100 
Amendment # 000, Vol. #6, and page # 1-406 
Conducting laboratory and location:  
Date of study initiation: June 6, 2005 
Sponsor:   
GLP compliance: Yes 
QA- Report: Yes (x) No () 
 
METHODS: 
Species/strain: Crl: CD (SD) 
#/sex/group or time point: 10 rats /sex/group 
Age: 53-59 days old  
Weight: 220-230 g 
Dosage groups in administered units: The animals were assigned to one of 12 
groups. Animals in Groups 1-6 were dosed three times daily (at least 4 hours 
between each daily dose) for 28 days.  Treatment continued through the day 
prior to scheduled sacrifice.  For the rats in Groups 7-12 were dosed once on 
Day 1 of the dosing phase.  Day 1 of the dosing phase for males and females 
was a staggered start (males 1 day and females the next). 
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         Route, form, volume, and infusion rate: Intranasal instillation  

Drug, lot#, radiolabel, and % purity:  Formulation A=1110252, Formulation D=BP-16-30B; 
100-102% 
Formulation/vehicle: Please tables under “Clinical formulation” on page 3. 

 
OBSERVATIONS AND TIMES:  
Clinical signs: Twice daily (AM and PM) 
Body weights: Before the start of dosing in all groups and once during Week 2 
(Groups 1 through 6). 
 
Food consumption: Twice daily, beginning on Day 1 of the dosing phase 
(Groups 1 through 12)  
Ophthalmoscopy: Ophthalmologic examination was performed before the start 
of dosing in all groups and once during Week 4 (Groups 1 through 6). 
 
Hematology:  
Glucose levels were determined prior to dosing on the first day of treatment. 
All measurements were taken prior to the daily dose (predose) and 
approximately 30, 60, 90, 120, 180, and 240 minutes postdose. 
 
Clinical chemistry: 
Glucose levels were determined on the first day of treatment (prior to dosing) 
and approximately 30, 60, 90, 120, and 240 minutes postdose-and on Days 23 
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(males) and 24 (females) of the dosing phase prior to the first daily dose 
(predose) and approximately 30, 60, 90,120,180, and 240 minutes postdose. 
Organ weight: At necropsy in groups 1-6, not 7-12. 
Gross histopathology: At necropsy in groups 1-6 
 
Microscopic histopathology:  
Protocol-specified tissues from the rat that died at an unscheduled interval and 
from animals sacrificed at the scheduled sacrifice were embedded in paraffin, 
sectioned, stained with hematoxylin and eosin and examined microscopically. 
At necropsy, animals in groups 1-6 were examined. Remaining preserved 
tissues were held for possible future processing and examination.  
 
Statistical Evaluation:  
Levene's test was done to test for variance homogeneity. In the case of 
heterogeneity of variance at p<0.05, rank transformation was used to stabilize 
the variance. Comparison tests took variance heterogeneity into consideration. 
One-way analysis of variance was used to analyze continuous clinical 
pathology values, organ weight data, food consumption, and body weight data. 
If the ANCOVA was significant (p<0.05), covariate-adjusted means was used 
for control versus tested group comparisons. Dunnett's t-test was used for 
control versus treated group comparisons.  
 
RESULTS: 
Mortality: There were no the test article-related deaths. One female in group 5 
(#B91059) was found dead in the cage on Day 21 of the dosing phase. The 
sponsor reported that the death was due to accidental cage injury.   
 
Clinical signs: Clinical findings were limited to several male rats [Animal# 
B90995 (Group 5), B91009 (Group 6), and B95313 (Group 8)]. Group 8 was 
control animals. Other findings included skin and pelage abnormalities(See 
table 1).  One female [Animal# B91065 (Group 6)] was observed with a 
swollen right hind paw during the last couple of days prior to the scheduled 
necropsy. These findings appear to be incidental. 
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Body weights:  
All animals showed a normal overall body weight gain. Initial body weight gains 
following dosing appeared slightly less than body weight gains in the following weeks 
(Table 6). In addition, body weight losses were noted in the last few days of the study. 
These changes were observed across all groups and considered stress-related activities 
such as blood glucose measurements or ophthalmic examinations. Hence, body weight 
losses were not considered test article-related. Body weights of Groups 7 through 12 
males had similar patterns.  
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Food consumption:  There were no remarkable differences between the control and treated 
groups. 
Ophthalmology:  There were no treatment-related changes in the parameters. 
Urinalysis: There were no significant changes in urine volumes, specific gravity or urine 
pH after the treatment. 
 Hematology: 
There were no remarkable hematological effects in control and treated groups in both 
males and females. An exception would be eosinophils (EOS) levels that were elevated in 
male groups 4 and 6, which appears to be treatment-related because the rats in Groups 4 
and 6 received insulin at doses of 3.7 and 1.95 IU per square cm per day. However, it is 
difficult to establish the causal relationship between the treatment and the observation 
because they are not dose-related. 
 
Blood glucose: 
On Day 1 glucose levels in groups 7-12 were evaluated in 30, 60, 90 , 120, 180 and 240 
minutes after treatments (fig. 1 and 2).  Formulations A (Groups 10 and 12) and D (Group 
11) markedly lowered blood glucose levels in both sexes. The peak effects were observed 
in 60 to 90 minutes after the administration in both sexes. As expected, there were no 
glucose lowering effects in control groups (8 and 9). The sponsor repeated the same 
procedures on Day 23 in groups 1-6 in males and females.  Similar decreases in glucose 
were noted in all treated groups except two control groups (2 and 3) as shown (fig. 3 and 
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4). However, it appears that the hypoglycemic effects were slightly less and the duration of 
insulin action was shortened in both males and females. 
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Clinical chemistry: 
 

 ALT levels were also elevated in males of groups 4, 5, and 6, which received insulin at 
doses of 3.7 or 1.85 IU per square cm per day (Table 11). The elevations of ALT levels 
have to do with the treatment because all the treated groups had the high values, 
although more studies need to define the mechanism.  Serum potassium levels were 
reduced in female Group 4 rats.  There were no other statistically significance changes 
in male and female rats after the treatment of placebo or insulin. 
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Gross pathology: 
 
Anatomic pathology results showed treatment-related microscopic changes in the nasal 
turbinates, lung, and trachea. In the nasal turbinates, changes were largely restricted to 
the anterior portions of the nasal cavity; most of the changes were present in Level I, 
with a few changes in Level II. The most common change was an increase in the number 
of goblet cells. All of the changes in the nasal turbinates are indicative of minimal 
irritation to the nasal epithelium. In the trachea, minimal eosinophilic droplets were 
observed in the epithelium. Two male rats in group 6 had discolored lung, which had 
insulin.  One female in group 1 had also discolored lung while another female rat in 
group 6 had a large foot pad (See table 13).  
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Histopathology: 
 
Epithelial eosinophilic droplets were observed in treated males while the same droplets 
were also observed in untreated female rats (Groups 2 and 3). Similarly pulmonary 
alveolar macrophages were seen in treated as well as untreated while they were 
observed in only untreated female groups (Table 16). Increases in sinus goblet cells 
were significantly higher in the treated groups in males, which were also observed in 
untreated control in females. Thus, certain microscopic observations were common in 
treated male groups that may be sex specific. However, the incidences were not 
frequent and their dose dependency is difficult to establish due to the fact that only two 
concentrations of insulin were used. 
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Organ Weights: 
 
Increased lung weights in males given Formulation A at 1.85 IU insulin per square cm 
per day (Group 6) are likely associated with the macroscopic and microscopic lesions 
noted in the lungs in this group (Table 14). Two Group 6 males (Animal# B91005 and 
B91006) had discolored lungs. Microscopic changes in these two animals consisted of 
minimal to slight alveolar macrophages, minimal subacute alveolitis, slight alveolar 
hemorrhage, and slight alveolar edema. These changes are likely to be associated with 
dosing procedures since neither of these two animals had changes in the nasal turbinates 
or trachea. The ratios (%) of parathyroid were significantly reduced in males of group 5 
and 6, which were treated insulin at doses of 3.7 and 1.85 IU per square cm per day 
(Table 14). 
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Toxicokinetic Study: 
No TK data are available. 

Summary and Conclusion: 

One rats from group 5 died, which was due to accidental cage injury, according to the 
sponsor. Clinical findings were sensitive to touch during dosing and skin pelage. One 
female has a swollen right hind paw a few days before the scheduled necropsy, which 
appears to be incidental. 

The test article had no effects on food consumption, body weight, ophthalmic and urine 
examinations. Treatment-related decreases in glucose were observed in male and female 
animals. The sponsor failed to provide PK and TK data so that it is impossible to 
correlate the tachyphylactic effect with reduced blood level of insulin in this study. 

The test article increased in ALT levels. Repetitive stimulation on nasal passages may 
increase eosinophils in epithelium as seen in gross histopathology examination, which 
was confirmed in microscopic histopathologic demonstration of eosinophils, alveolar 
macrophage, and sinus globlets. NOAEL = 1.85 IU insulin/cm2 /day. In future studies 
PK and TK data must be provided and histopathological changes in the nasal passages 
should be monitored regularly in clinic, which should be included in investigators 
brochures.  
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Study title: 13-Week Intranasal Instillation Toxicity Study with Insulin in Rats with a 
4- Week Recovery  
  
Key study findings:   
The 13-week toxicology study in rats did not produce any new findings from the 4-
week study in the same species. Three-times-daily intranasal administration of Test 
Formulation A for 13 weeks was well-tolerated and caused no remarkable toxic effects 
at doses up to 3.70 IU/cm2/day. Test Formulation A % CPE-215) did cause an 
expected pharmacologic effect to briefly decrease blood glucose, but the magnitude of 
this effect was decreased after 13 weeks of treatment. An observation of tachyphylaxis 
to glucose lowering effect is seen. 
 
Study no.:  Study #7639-102 
Volume #: 7, and page #:1-297    
Conducting laboratory and location:   
Date of study initiation:  December, 2005 
GLP compliance:  Yes 
QA report:  yes (x) no (  ), but no signatures 
Drug, lot #, and % purity:  Lot#: 1110279 (the Lot # for formulation C was 1110280) 
 
Methods 
 Doses:  0.96 or 1.92 mg/rat/day or 25.92 or 51.84 IU/rat/day, which were 
equivalent to 0.64 or 1.28  mg/kg/dose/nostril 
 Species/strain:  Rat/Crl:CD(SD) 
 Number/sex/group or time point (main study):  10-15 rats/sex/group for                                                        
formulation A 
 Route, formulation, volume, and infusion rate:  Nasal instillation in a volume of 16-32 
μL/nostril, TID.  See table below for formulations. 
 Satellite groups used for toxicokinetics or recovery:  10 rats/sex/group that were used for 
blood samples collection before necropsy. 
 Age:  42-51 days old 
 Weight:  Males: 204-275 g; Females: 166-224 g  
 Sampling times:  NA 
 Unique study design or methodology (if any):  Intranasal instillation 

 

(b) (4)

(b) 
(4)
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Observation and Times:  
Clinical signs:  Twice daily 
Body weights:  Once predose phase and weekly thereafter 
Food consumption:  weekly 
Ophthalmoscopy:  Once predose phase, week 13 and 17 week after recovery 
EKG:  NA 
Hematology:  Before necropsy 
Clinical chemistry:  Before necropsy 
Urinalysis:  NA 
Gross pathology:  Indicated organs were weighted upon necropsy as shown below. 
Organ weights (specify organs weighed if not in histopath table):   
Histopathology:  specify groups examined, special stains, etc 
  Adequate Battery:   yes (x  ),  no (  )—explain   
  Peer review:   yes (x  ),  no (  ) 
Toxicokinetics: Blood samples were collected a6 10. 20, 30, 45minutes, 1, 4, and 24 hours 
before necropsy for estimation of plasma insulin. 
 
 
Results: 
 
Mortality:   
One male given 0.96 IU/day of Test Formulation A (Animal No. B54112) was sacrificed in 
a moribund condition on Day 80 of the dosing phase. The cause of death could not be 
determined, based on the macroscopic and microscopic pathology findings.  Clinical signs 
included audible and labored respiration on the day of sacrifice, but no other abnormal signs 
had been seen. The death was not considered related to treatment with Test Formulation A 
at this dose level. All other animals survived to scheduled sacrifice. 
 
Clinical signs:   
A few abnormal clinical signs were observed at low frequency across all the groups, so that 
the sponsor was considered they are not related to test article.  
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Body weights:   
 
No statistically significant differences were noted between the mean body weights of any 
of the groups. The body weight change of males given 1.85 IU/cm2/day was significantly 
higher than that of males in all three control groups during Week 7 of the dosing phase. 
The body weight change of males given 3.70 IU/ cm2/day was significantly higher than 
that of males in Group 1 or 3 during Weeks 1 and 4 of the recovery phase as well as over 
the full recovery phase. The body weight change of females given 3.70 IU/ cm2/day was 
significantly lower than that of females in Group 1 or 3 during Week 3 of the dosing phase 
but significantly higher than that of females in Group 1 or 2 during Week 11 of the 
dosing phase. Since these significant differences occurred sporadically, were both greater 
and less than those of controls, and did not result in any significant difference in the mean 
weights of these animals, the statistically significant differences were not considered 
biologically meaningful. 
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Food consumption:   
 
The food consumption of males given 3.70 IU/rat/day of the recovery phase was 
significantly higher than that of males in Group I during Week I. This does correspond 
to a significantly larger body weight change seen in these males during that same 
interval, but since a similar effect was not observed in the females, and no consequent 
statistically significant difference in body weights was noted, this food consumption 
difference was not considered biologically meaningful. 
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Ophthalmoscopy:  Retinal degeneration was seen during the dosing phase and recovery 
phase examinations in a few animals in each group (including the control groups), so this 
ophthalmologic lesion was not considered test article-related. 
 

 
 
EKG:  Not determined. 
 
Hematology:   
Animals given Test Formulation A at either 1.85 or 3.70 IU/cm2/day had lower blood 
glucose at 30 and 60 minutes postdose during Week 1 but returned to normal baseline 
levels by 90 minutes postdose. The magnitude of the decrease in blood glucose was 
dose-related. A similar effect of Test Formulation A to decrease blood glucose at 
30 minutes postdose was observed during Week 13 of the dosing phase, but the 
magnitude of the decrease was lower than during Week 1 and only evident in animals 
given 3.70 lU/cm2/day. 
 
Clinical chemistry:   
Treatment effects on serum chemistry were not remarkable.  Blood glucose lowering 
effects were also not impressive, although there were brief drops in serum glucose in 
both male and female rats as shown below. The glucose lowing effects were completed 
returned toward normal after a few hours after the administration. 
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Urinalysis:  NA 
 
Gross pathology:  There were no visible abnormalities noted during the pre study evaluation for 
any of the animals that developed retinal degeneration. 
 
 
 

 
 
 
Organ weights (specify organs weighed if not in histopath table):   
At the dosing and recovery phase final sacrifices, no test article-related terminal body or 
organ weight changes were seen. The few statistically significant absolute and relative 
organ weight changes present, along with all other weight differences seen in both sexes 
at the scheduled sacrifices.  However, the changes were attributed to normal biological 
variation and not to test article administration.  
 
 
Histopathology: Adequate Battery:   yes ( x ),  no (  )—explain   
  Peer review:   yes (x  ),  no (  ) 
 
Very few statistically significant or otherwise notable differences for clinical pathology 
test results were observed between the control groups (Groups I, 2, and 3) and groups 
receiving the test article (Groups 4 and 5). All of the differences were considered 
incidental because they were very small, not dose-related, and consistent with normal 
biological variation. Notably high aminotransferase activities for two females in the 
high-dose group (Group 4) were considered incidental because individual females in each 
of the control groups also exhibited high activities. The few microscopic findings present were 
considered unrelated to Test Formulation A administration. 
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No test article-related macroscopic or microscopic findings were seen at either scheduled 
sacrifice. The few gross observations present were considered spontaneous or incidental 
findings. Microscopically, a low incidence of inflammatory lesions was seen at various 
levels of the nasal turbinates and sinuses in animals from multiple dose groups, including 
animals that received one variety of the control article at the dosing phase final sacrifice. 
Because no convincing test article-related trends in the data were noted and because 
controls were sometimes similarly affected by most findings, all microscopic findings 
were considered spontaneous or treatment-related but not Test-article-related. 
 

 
 
 
Toxicokinetics:  The sponsor did not provide data. 
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Study title: 13-Week Intranasal Instillation Toxicity Study with Insulin in Dogs with a 4- 
Week Recovery  
  
Key study findings:  Three to five beagle dogs/sex/group were given either Formulation K 
(buffered water), Formulation C % insulin/1.76 IU/cm2/day), or % CPE-215 (Formulation 
F) as control. The test article groups were administered the test article, % insulin % CPE-
215 (Formulation A), at 1.32 or 1.76 IU/cm2/day. Doses were administered three times daily. 
All animals survived to their scheduled sacrifice. There were no significant differences 
between the control groups and treated group in clinical signs. The high dose group animals 
(1.76 IU/cm2/day of Formulation A) had  tremors, ataxia, hypoactivity, and lateral 
recumbency due to presumable insulin action, which required Karo syrup treatment for a few 
HD animals. No treatment-related clinical signs were observed during the recovery phase. 
Males given Formulation A at 1. 761U/cm2/day and females given Formulation A at 
1.32 or 1.76 IU/cm2/day had significantly greater body weight gain, with more food 
consumption, during the first week of the dosing phase when compared with each of 
the three vehicle control groups. Blood glucose declined for up to 4 hours after 
dosing with Formulation A at 1.32 or 1.76 IU/cm2/day. The effect lasted longer in the 
females. The animals given Formulation A at 1.76 IU/cm2/day tended to have a 
slightly larger blood glucose depression compared with the animals given 
Formulation A at 1.32 IU/cm2/day. The effect was strongest on Day 1 of the dosing 
phase, appeared to be slightly less pronounced at Week 6 of the dosing phase, and did 
not appear to cause an effect in males at Week 13 of the dosing phase, although 
females still showed the blood glucose depression at this interval. Administration of 
the test article had no remarkable effect on clinical pathology test, organ weight and 
mean terminal body weight after recovery phase.  
 
Study no.:  Study #7639-103 
Volume #: 9 page 42-241; Vol. 10 page #:1-273    
Conducting laboratory and location:   
Date of study initiation:  After 3/30/3006 before 7/12/2006 
GLP compliance:  Yes 
QA report:  yes (x ) no (  ), but no signatures 
Drug, lot #, and % purity:  Lot#: 1110279 % insulin and % CPE-215, which is 
comparable to the clinical formulation.  Lot # for formulation C was 1110280, which had 
just % insulin) 
  
Methods 

 Doses:  % insulin % CPE-215 (Formulation A) at 1.32 or 1.76 IU/cm2/day.  
 Species/strain:  Dog/Beagle  
 Number/sex/group or time point (main study):  3-5 dogs/sex/group  
            Route, formulation, volume, and infusion rate:  Please see the two tables below. 
 Satellite groups used for toxicokinetics or recovery:  None. 
 Age:  Not listed 
 Weight:  Males: 10 kg; Females: 8.6 kg  
 Sampling times:  NA 

(b) (4)

(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) 
(4)
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Results: 
 
Mortality:  It appears that there is no death. 
Clinical signs:   
Clinical signs such as excretion of loose stool were observed all male and female dogs 
except male that had % CPE-215(Formulation F). Skin scabs and eye discharge were also 
noted without clear pattern as shown below. There might be slightly increased incidences of 
hypoactivity, nasal snorting, face pressing and recumbent positions in the HD groups, which 
may be related to insulin dose as a result of insulin spray. Such responses were observed 
from the animals during the recovery period. 
 

 
 
 
 

(b) 
(4)
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Ophthalmic Observations: 
There were no treatment related abnormalities in ophthalmic parameters. 
 
Body Weights:  
There were no significant differences in body weights of the three control and two treated groups 
in both males and females during the active treatment and after the end of recovery phase. 
However, mean body weight gain in the HD group (group 5 after 1.76 IU) within one week after 
the onset of the treatment in both male and female dogs as shown below (Tables 8). 
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Food Consumption: 
 
Mean food consumption did not differ significantly in both male and female dogs in pre-
dosing period. The high dose insulin treatment (Group 5) increased food consumption 
within one week after insulin treatment as the mean body weights were increased in male 
dogs as shown above.  In females, the mean body weight increased in low dose (1.32 
IU/cm 2 /day-group 4) as well as the high dose group as shown (Tables 10) below. 
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Serum Glucose Concentrations: 
 
The sponsor monitored serum glucose levels at 15, 30, 60, 90, 120 and 250 minutes after 
drug administration as shown (Table 12) below. There were significant decreases in 
glucose levels in the LD and HD animals (Groups 4 and 5) within 30 minutes after the 
treatment, which lasted approximately 90 minutes in male dogs. In females, the low levels 
were maintained up to 2 hours. 
 
An interesting findings that were observed on Day 1 on the hypoglycemic effects of the 
treatment in groups 4 and 5 were somewhat reduced in Week 13 both in males and 
females. (Table 14). In other words, the degree of hypoglycemia as well as the 
hypoglycemic duration were compromised in Week 13, in particular, in male dogs (Please 
see Tables 14).  Potential treatment time-dependent changes in drug nasal absorption 
should be correlated.   
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Clinical chemistry:   
Urea nitrogen concentrations were decreased in group 4 males and increased in group 5 
males of the treated groups on dosing Day 38, which were recovered on Day 87 and after 
recovery period (Table 16).  In the two male groups, albumin was increased on Day 38, 
which was recovered on Day 87 and after recovery as shown below (Table 16). Creatine, 
total proteins, globulins, alkaline phosphatase, calcium, and potassium concentrations were 
altered in some groups on different date, which were usually recovered after recovery 
period. The changes were no consistent in many parameters, which appear to be sporadic 
observations. 
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Hematology: 
 
The treated male groups (4 and 5) had increased RBC significantly on Day 38, which was 
not confirmed in female dogs in the groups 4 and 5 (Please see Table 15).  There were no 
other remarkable treatment-related differences between the control groups and treated 
groups except WBC which was significantly elevated in the treated group in pre-dosing 
period and on Day 87 days in females (Tables 15). The increases in WBC in the treated 
female groups returned to normal values on Day 1 and 38, which was positive again on 
Day 87. Thus, it appears that the changes were not treatment-related (Table 15). 
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 Urinalysis: 
 
Specific gravity in male treated groups was increased compared to relevant one of three 
control groups on dosing day of 87, which was returned to normal after 25 day of recovery 
period.  There was no such effect in the female group.  There were decreases in urine pH in 
the two treated group on dosing day one, which was also returned to normal on Days 38 
and 87.  There were no other changes. 
 
 
 
 

 
 
 
 
 
EKG:  Not determined. 
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Gross pathology:  Discolored cecum and colon was observed in two low dose males (Table 
18).  In male control group 1, discolored lung and stomach were observed in each one 
dogs. One high dose male had crusted skin while one female in the low dose group had a 
large ovary. One control female animal had a discolored heart. There were no other visible 
abnormalities.  
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Organ weights (specify organs weighed if not in histopath table):   
At the dosing and recovery phase final sacrifices, no test article-related terminal body or 
organ weight changes were seen. The few statistically significant absolute and relative 
organ weight changes present. For examples, mean pituitary weight in the treated females 
was increased significantly compared to control group 2 or 3.  Mean thymus weight of the 
LD female dog was decreased significantly compared to control group 3 while the ratio of 
thymus to brain weight was increased in the HD treated female (Table 21). The reviewer 
considers that the changes were attributed to normal biological variation and not to test 
article administration.  
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Histopathology: Adequate Battery:   yes (x  ), no (  )—explain   
  Peer review:   yes (x  ), no (  ) 
 
 
Tables 24 and 25 summarized the microscopic observations in males and females at 
terminal sacrifice and after 4-week recovery period. Nares, nasal sinus, nasal turbinates, 
tracheas and lungs in the treated male and female animals were not different from those in 
one of three control groups (1, 2, or 3) as shown below. One male in the group 5 had 
retinale rosetta and lung inflammation after the recovery period.  One female also had 
trachea inflammation after recovery period.  It appears that such changes may be within the 
normal variations, rather than due to treatment-related toxicity according to reviewer's 
various other toxicologic evaluations. 
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Toxicokinetics:  No TK data are available. 
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Study Title: 90-Day Repeated Dose Dermal Toxicity Study in Rats with 15-PPAEE  
 
Key findings:  
To evaluate the potential toxicity of 15-HPAEE, 15 rats/sex/group were administered 15-
HPAEE topically at doses of 0, 0.96 or 9.6 mg/kg/day for 91 days. A male and a female rat 
receiving 0.96 mg/kg/day died on Day 86 and 42. The cause of death was not related to the 
treatment. Clinical signs such as skin staining, cold to touch, malocclusion, scabbed at 
applied area and hair loss were commonly observed clinical signs, although they were not 
dose-related. The treatment had no effect on body weight, food consumption, hematology 
and clinical chemistry. There were no treatment effect on dermatology scores, macro- and 
microscopic findings.  Thus, it appears that 15-HPAEE is non-toxic locally at skin. 
 
Study No:  014938 
Amendment # 000, Vol. #12, and page # 1-267 
Conducting laboratory and location:  
Date of study initiation: 8/20/2002 
Sponsor:   
GLP compliance: Yes 
QA- Report: Yes () No (x) 
 
METHODS: 
Species/strain: Crl:CD(SD) 
#/sex/group or time point: 15 rats /sex/group 
Age: 8 weeks old  
Weight: 260-320 g for males; 180-235 g for females. 
Dosage groups in administered units: The animals were assigned to one of 3 groups as 
shown below. The test article was administered for 24 h/day via dermal application for 91 
consecutive days. The first day of dosing was Day O. Because the control and 15-HPAEE-
containing gels were applied to skin at 400 mg/kg of body weight, the concentration of 15-
HPAEE in the gel was adjusted appropriately. The doses of the 15-HPAEE are shown in the 
table below. 

 
 
The rats were observed for clinical signs following dosing. Clinical signs included 
observations of general condition, skin and fur, eyes, nose, oral cavity, abdomen and 
external genitalia, as well as, evaluations of respiration, behavior and excretions. 
Observations were recorded at approximately 6 h post-dosing. Scores for dermal irritation at 
the application site were recorded pretest and once weekly. The Week 13 scoring was done 
on the day of necropsy. All application sites were observed for erythema and edema 
according to the Draize System below.  

(b) (4)

(b) (4)
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Results: 
 
Mortality: A female receiving 0.96 mg/kg/day died on Day 42. This animal had multiple 
findings at necropsy. A male receiving 0.96 mg/kg/day died on Day 86 following blood 
collection. The sponsor indicated that neither death was attributed to the administration of 
15-HPAEE without providing the exact causes of the deaths. 
 
Clinical Signs: A certain clinical sign was observed only male or female animals. Skin 
staining, cold to touch, malocclusion, scabbed at applied area and hair loss were commonly 
observed clinical signs. Many of those clinical signs were not dose-related.  However, it 
appears that the incidences of scabbed and/or sores were increased in the HD animals as 
shown below. 
 
 
 
 

Clinical Signs in 90-Day Repeated Dose Dermal  Toxicity Study in Rats with 15-
PPAEE@ 

Control Low dose High dose Clinical signs 
Male Female Male Female Male Female 

Anogenital staining* 0/0  0/0  1/8  
Cold to touch  0/0  1/2  0/0 
Malocclusion -/- 2/19 1/35 -/- 4/148 1/6 
Scabbed, sores* -/- 0/0 1/7 0/0 2/21 3/14 
Hair loss, all area*,** 5/216 4/278 2/34 2/34 3/98 4/324 
Paleness  0/0  1/2  0/0 
Nasal discharge* 7/9 3/6 4/10 3/5 7/13 4/6 
Labored breathing* 0/0  0/0  1/1  
Decreased activity**  0/0  1/2  0/0 
@All groups had 15 rats/sex at the beginning and first/second values are #rat/#incidences. * and ** 
indicate slight and moderate, respectively. 
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Dermal Scoring: 
 
Some males and females from all groups exhibited very slight to slight erythema or 
desquamation. One of pronounced desquamation (DE) is shown below (Table 23). There 
was no apparent dosage response for dermal scoring parameters, with the exception of 
desquamation in the high dose males. However, desquamation is not considered to be an 
adverse effect according to the sponsor. 
 
 
 
 
 

 
 
 
 
Body weight:  The treatment had no effects on body weight, body weight gain. 
Food consumption: There was no treatment-related in food consumption. 
Ophthalmology: There were no findings attributable to the test article noted during the Day 85 
ophthalmology examination. 
 
Hematology: 
In male rats hematocrit was decreased in the treated group while MCHC was increased in 
the HD group (Table 9).  There were no other changes in the parameters in male as well as 
in females. 
 



 
 
 

67  

 
 
 
Clinical chemistry:  
Chloride was increased from 104 to 107 mEq/L in the HD males. In the same group total 
bilirubin was decreased from 0.3 to 0.22 mg/dL on Day 86.  Total protein was also 
decreased to 7.31 from 7.67 g/dL in the LD group. In females, only CK was reduced to 
131.1 from the control 287 IU/L on Day 86.  There were no other changes and the sponsor 
considered that the clinical chemistry changes would not have biological impact.  
 
Macroscopic observation at necropsy:   
There were no treatment-related findings. 
 
Organ weights:  
There were no treatment-related  effects on mean organ weights (absolute, relative to body 
weight or relative to brain weight) was observed. A few statistically significant differences 
were not considered to be treatment related. 
 
Histopathology: 
There were no histomorphological tissue alterations attributable to the dermal 
administration of 15-HPAEE to rats at dose levels up to 9.6 mg/kg BW /day for 
90 consecutive days. 
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2.6.6.4 Genetic toxicology   
 
Study title:  L5178Y TK +/- Mouse Lymphoma Forward Mutation Assay 
with a Confirmatory Assay with Exaltolide (Pentadecalactone) 
 
Key findings:   
In the initial mutation assay performed in the absence of metabolic activation, eight 
treatments ranging from 5.00 to 45.0 μg/mL were analyzed for mutant induction and no 
cytotoxicity to high cytotoxicity was induced. None of the analyzed treatments induced a 
mutant frequency that exceeded the minimum criteria for a positive response. In the 
confirmatory nonactivation mutation assay, which was performed with a 24-hour treatment 
period, seven treatments at doses of 5.00 to 35.0 μg/mL were analyzed and no cytotoxicity 
to high cytotoxicity was induced. None of the treatments induced a mutant frequency that 
exceeded the minimum criteria for a positive response. The test article was, therefore, 
evaluated as negative without metabolic activation. 
 
In the initial mutation assay performed in the presence of S9 metabolic activation, eight 
treatments from 10.0 to 80.0 μg/mL were analyzed. No cytotoxicity to moderately high 
cytotoxicity was induced. While a desired highly cytotoxic response was not achieved, a 
small increase in concentration from 80.0 to 90.0 μg/mL  resulted in excessive 
cytotoxicity. None of the analyzed treatments induced a mutant frequency that exceeded 
the minimum criteria for a positive response. 
 
In the combinatory assay, eight treatments from 20.0 to 85.0 μg/mL were analyzed. and 
weak cytotoxicity to high cytotoxicity was induced. Treatment at 75.0 μg/mL induced a 
mutant frequency that just exceeded the minimum criteria for a positive response. 
However, two higher, more cytotoxic concentrations were negative, and there was no 
positive response in the initial trial. Therefore, the increase was considered spurious and 
the test article was evaluated as negative with metabolic activation. The test article was 
evaluated as negative for inducing forward mutations at the TK locus in L5178Y mouse 
lymphoma cells under nonactivation and activation conditions used in this assay. 
 
Study no.:  22572-0-431 ICH 
Volume #13, and page #:  1-32 
Conducting laboratory and location:   
Date of study initiation:  6/12/2001 
GLP compliance:  Yes 
QA reports:  yes ( x )  no (  ) 
Drug, lot #, and % purity:  G/2 0154020 
 
Methods 
 
Strains/species/cell line:  Mouse lymphoma L5178Y cell 
Doses used in definitive study:   
Assay without activation: 5, 7.5, 10, 15, 20, 35 and 40 μg/mL 

(b) (4)



 
 
 

69  

Assay with activation: 20, 40, 60, 65, 70, 75, 80, 85, and 90 μg/mL 
 
Basis of dose selection:   
The measurement of the cytotoxicity of each treatment was the relative suspension growth 
of the cells over the 2-day expression period (for the 4-hour treatment) or the relative 
suspension growth over the 3-day treatment and expression period (for the 24-hour 
treatment) multiplied by the relative cloning efficiency at the time of selection. Although 
not strictly a measure of cell survival, this parameter (called relative growth or relative 
total growth, RTG) provides a measure of the effectiveness of treatment and was used as 
the basis for selecting doses for any necessary subsequent trials. The expression of RTG 
was the parameter that was used to assess treatment cytotoxicity and was obtained by 
multiplying the relative suspension growth by the relative cloning efficiency/100. 
 
Negative controls:    
DMSO (Lot#100K014) and vehicle 
Positive controls:   
Methyl methanesulfonate (MMS) at 6.5 to 13μg/mL (Lot# 08109BU) 
Methyl cholanthrene (MCA) at 2 to 4 μg/mL (Lot#77H2515) 
 
Incubation and sampling times:   
Logarithmically growing mouse lymphoma L5178Y cells (6x10 6) per tube were exposed 
to the test article for 4 hours. Expression period of 2 days was used to allow for mutant 
recovery, growth and expression of TK -/- phenotype. If the cells in a culture failed to 
multiply to a density of 4 x 105 cells/mL on the first day after treatment, the culture was 
not subcultured. On Day 2, cell counts were again determined, and appropriate cultures 
were selected for cloning and mutant selection. 
 
Results 
 
Study validity (comment on replicates, counting method, criteria for positive results, etc.):   
Acceptable Controls: 
The average absolute cloning efficiency of the vehicle controls should be between 60% 
and 130%. A value greater than 100% is possible because of errors in cell counts and 
variations in cel1 division during unavoidable delays between counting and cloning of 
many cultures. A minimum acceptable value for the average suspension growth of the 
vehicle controls for two days is an 8-fold increase over the original cell concentrations. 
Lower values render an assay unacceptable because of poor cel1 growth. 
 
Acceptable High Dose: 
 For test articles with weak or no mutagenic activity, an assay should include applied 
concentrations that reduce the RTG to 10% or 20% of the average vehicle control or reach 
the maximum applied concentrations given in the evaluation criteria. Because mutant 
frequencies increase as a function of lethality, an attempt to obtain treatments in the range 
of 10% to 20% RTG must be made in order to consider the assay as conclusive. This 
requirement was waived if the concentration of the highest assayed dose was at least 75% 
of a higher. 
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Criteria for Positive Results:  
The test article is evaluated as positive if dose-dependent increases of 2-fold or greater in 
mutant frequency are obtained over the concurrent background mutant frequency. The 
background mutant frequency is defined as the average mutant frequency of the vehicle 
control cultures. The 2-fold or greater increase is based on extensive experience which 
indicates such responses are repeatable in additional trials. It is desirable to obtain this 
relationship for at least three doses, but this goal depends on the dose steps chosen for the 
assay and toxicity at which mutagenic activity appears. The dose-dependent requirement is 
waived if a large increase in mutant frequency (4-fold or higher) is obtained for a single 
dose at or near the highest testable toxicity. 
 
Dose Range Finding Assay: 
 
The test article, Exaltolide, was tested in a preliminary dose range finding assay with a 
treatment period of approximately 4 hours both with and without S9 metabolic activation 
and a preliminary dose range finding non activation assay with a treatment period of 
approximately 24 hours. Ten treatments were used in each case that ranged from 1.97 to 
1000 μg/mL; a vehicle control was included under each activation condition. 
In the absence of rat liver S9 metabolic activity with a 4-hour treatment period (Table 1), 
Exaltolide was not cytotoxic to weakly cytotoxic from 1.97 to 3.13 μg/mL and excessively 
cytotoxic from 62.5 to 1000 μg/mL. In the presence of metabolic activation (Table 1), the 
test article induced no cytotoxicity to weak cytotoxicity from 1.97 to 31.3 μg/mL. 
Moderate cytotoxicity was observed at 62.5 μg/mL, and excessive cytotoxicity from 125 to 
1000 μg/mL. In the nonactivation dose range finding assay using a 24-hour treatment 
period (Table 2), the test article induced no cytotoxicity to weak cytotoxicity from 1.97 to 
15.7 μg/mL and excessive cytotoxicity at and above 31.3 μg/mL. The mutation assays 
were initiated with treatments based on these results. 
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Nonactivation Mutation Assay: 
In the confirmatory nonactivation assay, the treatment period was approximately 24 hours 
and results are shown in Table 5. Eight treatments at 5, 7.5, 10, 10, 15, 20, 35, 40, 45, 50, 
55 and 60 μg/mL were used for initiation. Treatments at and above 40.0 μg/mL were 
terminated due to excessive cytotoxicity. The remaining seven treatments were selected for 
mutant analysis and induced no cytotoxicity to high cytotoxicity (122.9% to 9.9% relative 
growths). None of the analyzed treatments induced a mutant frequency that exceeded the 
minimum criterion of 142.7 x 10-6. The test article was therefore considered negative 
without metabolic activation.  
 
Activation Mutation Assay:  
In the confirmatory assay with metabolic activation (Table 9), thirteen treatments at 20, 40, 
60, 65, 70, 75, 80, 85, 90, 95, 100, 120 and 150 μg/mL were initiated. Treatments at and 
above 90 μg/mL were terminated due to excessive cytotoxicity. The remaining eight 
treatments induced weak cytotoxicity to high cytotoxicity (68.3% to 17.6% relative 
growths). Treatment at 75 μg/mL induced a mutant frequency that exceeded the minimum 
criteria of 267.3 x 10-6. However, two higher, more cytotoxic concentrations were 
negative, and there was no positive response in the initial trial. Therefore, the test article 
was evaluated as negative with metabolic activation.  
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Comments Mutation Assay: 
 
The average cloning efficiencies for the vehicle controls were 80.4% and 83.0% without 
activation and 81.6% and 77.5% with S9 metabolic activation, which demonstrated 
acceptable cloning conditions for the assays. In the confirmatory activation assay, the 
average mutant frequency of the vehicle control cultures was slightly higher than the 
normal range, but all other criteria were acceptable and the assay was considered 
acceptable for evaluation. The control cultures, MMS (nonactivation) and MCA 
(activation) induced large increases in mutant frequency that was greatly in excess of the 
minimum criteria. 
 
CONCLUSION: 
 
The mutation assay conditions were considered acceptable for evaluation of the test results 
as described above. Based on the positive criteria given above, it appears that the test 
article (Exa1tolide) was evaluated as negative for inducing forward mutations at the K 
locus in L5178Y mouse lymphoma cells under nonactivation and activation conditions 
used in this study. 
 
Appendix:  historical Control Data  
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Study title:  In Vivo Mouse Micronucleus Assay with Exaltolide (Pentadecalactone) 
 
Key findings:   
Based on the results of the dose range finding assay, the maximum tolerated dose was 
estimated to be 2000 mg/kg. In the micronucleus assay, six male mice/group received the 
test article orally (gavage) at doses of 500, 1000, and 2000 mg/kg. The test article was 
dissolved in corn oil. Five animals that were dosed with the positive control article were 
euthanized approximately 24 hours after dosing for extraction of the bone marrow. Five 
animals dosed with the test article at the 2000 mg/kg dose level and five animals dosed 
with the vehicle control article were euthanized approximately 24 and 48 hours after 
dosing for extraction of the bone marrow. At least 2000 PCEs per animal were analyzed 
for the frequency of micronuclei. Cytotoxicity was assessed by scoring the number of 
PCEs and normochromatic erythrocytes (NCEs) in at least the first 500 erythrocytes for 
each animal.  Exaltolide induced no signs of clinical toxicity in any of the treated animals 
but was cytotoxic to the bone marrow (i.e., a statistically significant decrease in the 
PCE(PCE/ NCE ratio) at the 500 mg/kg dose level. A statistically significant increase in 
micronucleated PCEs was not observed at any dose level or harvest time point. The test 
article, Exaltolide, was evaluated as negative in the mouse bone marrow micronucleus 
assay under the conditions of this assay. 
 
Study no.:   22572-0-455OECD 
 
Volume #13 and page #: 33-48 
Conducting laboratory and location:   
Date of study initiation:  6/12/2001 
GLP compliance:  Yes 
QA reports:  yes (x) no (  ) 
Drug, lot #, and % purity:  G/2 0154020 
 
Methods 
 
Strains/species/cell line:  Six male mice/Crl:CD-1(ICR)BR per group 
Doses used in definitive study:  500, 1000, and 2000 mg/kg 
 
Basis of dose selection:   
A dose range finding assay was performed using the same treatment regimen used in the 
micronucleus assay because no appropriate toxicity data were available (e.g., the same 
species, strain, same route, etc.).  No doses higher than 2,000 mg/kg were tested. The daily 
observations of toxic signs and/or mortality data were used to estimate the highest 
appropriate dose level (maximum tolerated dose) for the micronucleus assay. 
 
Micronucleus assay was used male mice because there were no differences in toxicity 
between the sexes, based on the dose range finding assay. The high dose, unless non-toxic, 
should have produced some indication of toxicity, e.g., toxic signs, death, or depression of 
the ratio of PCEs to normochromatic erythrocytes (NCEs). The use of a high dose, as 
defined above, increased the likelihood that a weak clastogen could be detected.  

(b) (4)

(b) (4)
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Assay Acceptance Criteria: 
The vehicle control group had less than approximately 0.4% micronucleated PCEs and the 
group mean was within the historical control range. The positive control group had a 
statistically significantly higher (p #0.01) number of micronucleated PCEs than the vehicle 
control group and was consistent with historical positive control data. 
 
Negative controls:    
Corn oil ( , Lot#12-389) 
Positive controls:   
Cyclophosphamide ( , lot# 108H0568, CAS #6055-19-2) 
 
Results 
 
Study validity (comment on replicates, counting method, criteria for positive results, etc.):   
 
Criteria for Positive Results:  
The criteria for a positive response were the detection of a statistically significant increase 
in micronucleated PCEs for at least one dose level, and a statistically significant dose-
related response. A test article that did not induce both of these responses was considered 
negative. Statistical significance was not the only determinant of a positive response 
because the biological relevance of the results was also considered for the final evaluation. 
 
Study outcome:   
Dose Range finding assay: Dose levels of 500, 1000, and 2000 mg/kg were chosen for the 
Dose Range Finding assay. Eighteen animals, approximately 8 weeks old at the time of 
dosing, with a weight range of 31.5 - 33.5 g and 23.7 - 27.7 g, for the males and females, 
respectively, were used in this study. At the termination of this assay all surviving animals 
were euthanized by CO2 inhalation followed by incision of the diaphragm. The treatment 
regimen for this assay is shown below. All animals were examined immediately after 
dosing, about 1 hour toxic signs and/or mortality. All animals appeared normal 
immediately after dosing and remained healthy until the end of the observation period.  
Based on these results, the maximum tolerated dose was estimated to be 2000 mg/kg. 
 
 
 

 
 

(b) (4)

(b) (4)
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Micronucleus Assay: 
Based on results from the dose range finding assay, dose levels of 500, 1000, and 2000 
mg/kg were selected for testing in mice in this assay. Only males were used in the 
micronucleus assay because there were no substantial differences in clinical observations 
between the sexes in the dose range finding assay. Forty-two animals, approximately 8 
weeks old at the time of dosing, with a weight range of 27.8 - 35.2 g were used in this 
assay. An outline of the dosing scheme and harvest time points is in a table below. Animals 
were examined as described above in the dose range finding studies. 
 

 
 
Slides prepared from the bone marrow collected from five animals per group at 
the designated harvest time points were scored for micronuclei and the PCE to NCE cell 
ratio. The micronucleus frequency (expressed as percent micronucleated cells) was 
determined by analyzing the number of micronucleated PCE from at least 2000 PCEs per 
animal. The PCE: NCE ratio was determined by-scoring the number of PCEs and NCEs 
observed scoring at least the first 500 erythrocytes per animal. 
  
The historical background frequency of micronucleated cells were expressed as percent 
micronucleated cells based on the number of PCEs analyzed. The historical background 
frequency of micronuclei in the Crl:CD-1(ICR) BR strain at this laboratory is about 0.0 to 
0.4%, which is within the range of the published data. Micronuclei were darkly stained and 
generally round, although almond- and ring-shaped micronuclei occasionally occurred. 
Micronuclei were sharp bordered and generally between one-twentieth and one-fifth the 
size of the PCEs. The unit of scoring was the micronucleated cell, not the micronucleus; 
thus, the occasional cell with more than one micronucleus was counted as one 
micronucleated PCE, not two (or more) micronuclei. The staining procedure permitted the 
differentiation by color of PCEs and NCEs (bluish-gray and red, respectively). 
 
Exaltolide did not induce signs of clinical toxicity in any of the treated animals but was 
cytotoxic to the bone marrow (i.e., a statistically significant decrease in the PCE:NCE 
ratio) at the at the 2000 mg/kg dose level at the 48-hour harvest time point. A statistically 
significant increase in micronucleated PCEs was not observed at any dose level or harvest 
time point. The positive control, cyclophosphamide, induced statistical1y significant 
increases in micronucleated PCEs as compared to that of the vehicle controls, with a mean 
of 1.72% as shown (Table 1). 
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CONCLUSION 
It appears that the test article, Exaltolide, is negative in the mouse bone marrow 
micronucleus assay under the conditions of this assay. 
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Study title:  Salmonella-Escherichia coli/Mammalian-Microsome Reverse Mutation Assay 
with Exaltolide (Pentadecalactone) 
 
Key findings:   
Exaltolide was evaluated in the initial mutagenicity assay at doses of 33.3, 100, 333, 1000, 
3330 and 5000 μg/plate in five tester strains with S9, and in strain WP2uvrA without S9. 
The test article also was evaluated in all four Salmonella tester strains at doses of 1.0, 3.3, 
10.0, 33.3, 66.7 and 100 μg/plate without S9. All doses of test article, as well as the 
concurrent vehicle and positive controls, were evaluated using three plates per dose. 
Revertant frequencies for all doses of Exaltolide, in all tester strains with and without S9, 
approximated or were less than control values. Exaltolide again was found to be 
incompletely soluble at doses 8330 μg/plate with and without S9, but normal growth was 
observed in all tester strains at all doses evaluated with and without S9. These results were 
confirmed in an independent experiment. 
 
Due to a lack of toxicity in the Salmonella strains in the absence of S9, the test article was 
reevaluated in all four of these strains at doses of 10.0, 33.3, 100, 333, 1000, 3330 and 
5000 μg/plate without S9. Exaltolide again was found to be incompletely soluble at doses 
8330 μg/plate, and normal background growth was observed in all tester strains at all doses 
evaluated. Revertant frequencies for all doses of Exaltolide, in all tester strains, 
approximated control values. These results were confirmed in an independent experiment, 
except that the test article was insoluble at doses ≥1000 μg/plate. The results of the 
Salmonella-Escherichia coli/Mammalian-Microsome Reverse Mutation Assay with a 
Confirmatory Assay indicate that under the conditions of this study, the test article, 
Exaltolide did not cause a positive increase in the mean number of revertants per plate in 
any of the tester strains in the presence or absence of Aroclor-induced rat liver S9. 
 
 
Study no.:  22572-0-409OECD 
Volume #13, and page #:  49-77 
Conducting laboratory and location:   
Date of study initiation:  6/13/2001 
GLP compliance:  Yes 
QA reports:  yes ( x )  no (  ) 
Drug, lot #, and % purity:  Exaltolide: Lot#119417.0009 
 
Methods 
 
Strains/species/cell line:  Salmonella typhimurium(TA98, 100, 1535 and 1537) and 
Escherichia coli(WP2uvrA) as shown below. 
 
 
 
 
 
 

(b) (4)
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Doses used in definitive study:   
Assay without activation: 1, 3, 10, 33, 67 and 100 μg/mL 
Assay with activation: 33, 100, 333, 1000, 3330, and 5000 μg/mL 
 
Basis of dose selection:   
 
A dose range finding assay was conducted on the test article using tester strains TA100 and 
WP2uvrA in the presence and absence of S9 (one plate per dose). Ten doses of test article, 
from 6.67 to 5000 μg/plate, were evaluated (Tables 1 and 4). Cytotoxicity, as evidenced by 
a reduction in the number of revertants per plate and/or a thinning of the background lawn, 
was observed in tester strain TA100 at doses ≥3330 μg/plate in the presence of S9 and at 
doses ≥66.7 μg/plate in the absence of S9. In addition, the test article was found to be 
incompletely soluble at doses ≥3300 μg/plate with and without S9 except in strain 
WP2uvrA with S9 in which no precipitate was observed.  Thus, the sponsor selected the 
5000 and 100 μg/plate as maximum doses in the presence and absence of S9 fractions, 
respectively for the mutagenicity assay. 
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Results: 
Study validity (comment on replicates, counting method, criteria for positive results, 
etc.):  Tester strain culture density: The cell densities of all tester strain cultures were 
greater than or equal to 0.5 x 109 bacteria/mL, demonstrating that appropriate 
numbers of bacteria were plated. In addition, the optical densities of these cultures 
reached a target value demonstrated to produce cultures with at least 0.5 x 109 
bacteria/mL.  
 
Positive control values: The mean value of the positive control without S9 Mix for 
each tester strain exhibited at least a 3-fold increase over the mean value of the 
vehicle control for that strain, demonstrating that the tester strains were capable of 
identifying a mutagen. An acceptable positive control in the presence of S9 for a 
specific strain was evaluated as having demonstrated the integrity of the S9 mix and 
the ability of the tester strain to detect a mutagen.  Tester Strains TA1535 and 
TA1537, for a test article to be considered positive, it had to produce at least a 3-fold 
increase in the mean revertants per plate of at least one of these tester strains over the 
mean revertants per plate of the appropriate vehicle control. This increase in the 
mean number of revertants per plate had to be accompanied by a dose response to 
increasing concentrations of the test article.  
 
Assay evaluation criteria: Once the criteria for a valid assay had been met, responses 
observed in the assay were evaluated. Tester Strains TA98, TA100 and WP2uvrA. 
For a test article to be considered positive, it had to produce at least a 2-fold increase 
in the mean revertants per plate of at least one of these tester strains over the mean 
revertants per plate of the appropriate vehicle control. This increase in the mean 
number of revertants per plate had to be accompanied by a dose response to 
increasing concentrations of the test article.  
 
Acceptable high dose:  In the dose range finding studies (Table 1 and 4 above) show 
that the test article reduced revertants per plate significantly at a dose of 5000 
μg/plate in the presence or absence of S9 fraction.  Cytotoxicity is detectable as a 
decrease in the number of revertant colonies per plate and/or by a thinning or 
disappearance of the bacterial background lawn. A slight thinning of the bacterial 
background lawn which was not accompanied by a reduction in the number of 
revertants per plate was not evaluated as an indication of cytotoxicity. There were 
half dozen doses that were non-toxic. 
 
Criteria for Positive Results:  
 
The mean value of the positive control in the presence of S9 Mix for each tester 
strain exhibited at least a 3-fold increase over the mean value of the vehicle control 
for that strain, demonstrating that the S9 mix was capable of metabolizing a 
promutagen to its mutagenic form(s). 
 
Study outcome: For dose range finding study, please see Tables 1 and 4 above. 
 
Mutagenesis Assay:  
Based upon the results of the dose range finding assay, Exaltolide was evaluated in 
the initial mutagenicity assay at doses of 33.3; 100, 333, 1000, 3330 and 5000 
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μg/plate in all five tester strains with S9, and in strain WP2uvrA without S9. The test 
article also was evaluated in all four Salmonella tester strains at doses of 1.00, 3.33, 
10.0, 33.3, 66.7 and 100 μg/plate without S9. All doses of test article, as well as the 
concurrent vehicle and positive controls, were evaluated using three plates per dose. 
Revertant frequencies for all doses of ExaItoIide, in all tester strains with and without 
S9, approximated or were less than control values. Exaltolide was again found to be 
incompletely soluble at doses ≥3300 μg/plate with and without S9, but normal 
growth was observed in all tester strains at all doses evaluated with and without S9. 
These results were confirmed in several triplicated independent experiment as 
summarized below (Tables 5, 7, and 10). Mean revertants per plate of all strains in 
the study were within the historical control data as attached below. 
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Attachment:  Historical Control Data: 

 



 
 
 

93  

 
Conclusion: 

 
The results of the Salmonella-Escherichia coli/Mammalian-Microsome Reverse Mutation Assay 
with a Confirmatory Assay indicate that the test article, Exaltolide, did not cause a positive 
increase in the mean number of revertants per plate in any of the tester strains in the presence or 
absence of Aroclor-induced rat liver S9. 
 
 
2.6.6.5 Carcinogenicity   
No Carcinogenicity study has been conducted. 
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2.6.6.6 Reproductive and developmental toxicology   
 

Fertility and early embryonic development 
 
Study title:  Pentadecalactone(Exaltolide): Effects on Male Fertility in Rats 
 
Key study findings:   
Sprague-Dawley rats received pentadecalactone orally (gavage)  at doses of 0, 200, 500 
and 1000 mg/kg/day for 4 weeks prior to mating with untreated females, then throughout mating 
and continued for at least 9 weeks of dosing prior to necropsy for females. The females were 
killed on Day 14-16 of gestation and their reproductive tracts examined; the number of implants 
and their status were recorded. Male rats were monitored for clinical signs of toxicity, 
bodyweight and food consumption. At necropsy, the weights of the male reproductive organs 
were recorded; epididymal sperm motility and counts were assessed. 
 
Treatment-related findings in the males were limited to sporadic increases in salivation 
immediately post dosing in all animals given 1000 mg/kg/day, 14 animals given 500 mg/kg/day 
and 2 animals given 200 mg/kg/day. There was no effect on body weight, food consumption and 
organ weights at any dose level. Mating performance and the resulting pregnancy performance 
were not affected by treatment. There were no effects on sperm mobility or sperm count at any 
dose level. Under the conditions of this study, it was concluded that 1000 mg/kg/day was the 
NOAEL for effects on male fertility.



 
 
 

95  

Study no.:  #493050; Report#20640 
Volume #13, and page #:  79-104 
Conducting laboratory and location:   
Date of study initiation:  8/20/2001 
GLP compliance:  Yes 
QA reports:  yes ( x) no (  )  
Drug, lot #, and % purity:  Exaltolide, Lot#AB13199 
 
Methods 
 Doses:  0, 200, 500 and 1000 mg/kg/day 
 Species/strain:  Sprague-Dawley rat/Crl:CD(SD) IGS BR  
 Number/sex/group:    24 rats/sex/group 
 Route, formulation, volume, and infusion rate:  Oral (Gavage) 
 Satellite groups used for toxicokinetics/replacement:  3/sex/group 
 Study design:    
 
The males were doses once daily for 4 weeks prior to mating, then throughout the mating period and 
until at least 9 weeks of treatment had been completed.  No females were treated, which were killed on 
Day 14-16 of gestation to assess pregnancy performance. Vaginal lavages were taken early each 
morning, commencing on the day of pairing, until mating had occurred, at which point the animals were 
separated. The stage of estrus observed in each vaginal lavage was recorded. The day of detection of a 
clear positive sign of mating, a copulatory plug in situ and/or sperm in the lavage, was designated Day 0 
of gestation. 

Parameters and endpoints evaluated:   

Animals’ viability was check twice a day; clinical signs for the first 1-2 hours after dosing during the 
first week of treatment were recorded. Body weight and food consumption were recorded daily. Fertility 
index (male) was calculated:  the number of litter divided by number of paired. The females were killed 
on a calculated Day 14, 15 or 16 of gestation for evaluation of their pregnancies. For females that did 
not show a clear positive mating sign, the day of sacrifice was 14 days after the last night of pairing. 
Male animals were killed after completion of at least 9 weeks of treatment. 

 

The right epididymis from each surviving male was submitted for sperm evaluation. The cauda 
epididymis was separated from the caput, and weighed. The tip of the epididymis was then removed and 
processed for Computer Aided Semen Analysis (CASA). The remaining portion of the cauda epididymis 
was then weighed and used for the sperm count. The tip of the cauda epididymis was placed in 3 ml of 
Medium 199 which contained 0.2% BSA and HEPES and the sperm were allowed to 'swim out' into the 
surrounding medium. This sperm suspension was further diluted with the medium, and a 5 μl aliquot 
was examined using a Hamilton Thorne sperm motility analyser. At least 200 motile sperm per animal 
were assessed, except where it was obvious that motility for that animal was compromised, and the 
following parameters were assessed: Motility, Progressive mobility, Straight Line Velocity (VSL), 
which is defined as the mean velocity from the beginning to the end of a track, expressed in μm/second. 
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Results 
Mortality and Clinical signs:  There was no death except one control rat (#22) was killed by dosing 
accident. It appears that salivation was the test article-dose related (Table 1) below.  There were no 
treatment-related remarkable clinical signs. 
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Body weight and Food consumption:  There were no differences between the control and treated groups 
in the two parameters. 
 
Toxicokinetics:  Not provided the data. 
 
Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss, etc.):   
 
Mating/fertility index: The number of rats that did not becoming pregnant on Day 1 appears high in the 
MD and HD group (Table 4) below.  There were no remarkable differences in all groups in male 
fertility index. 
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Pregnancy performance:  The number of pregnancy was comparable in control and treated groups. Per 
cent of pre-implantation loss were 2 to 6, which was not different in all groups. Per cent of total early 
embryonic deaths was highest in the control group (6%). And the per cent deaths in the treated groups 
were 3, 5, and 4, respectively in the LD, MD and HD groups.  Mean live implants and early embryonic 
deaths were also not significantly different as shown below (Table 5). 
 
 
 
 
 
 
 
 

  
 
 
 
 



 
 
 

99  

Sperm evaluation: 
 
Sperm parameters such as cauda weight, sperm motility, progressive militia and its velocity for the 
forward movement were compared in the control and treated group (Table 6) below.  It appears that 
there were no remarkable differences between the control and treated groups, which suggests that the 
test had no direct effects on these parameters. 
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Male organ weights:  
 
Mean absolute weights of  epididymides, prostate, seminal vesicles, testes and male rat body weight 
were not different in the control from those of the treated groups, which suggests the test articles has no 
effect on male sex organ development as shown below (Table 7). 
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2.6.6.7 Local tolerance: No study was performed. 
 
2.6.6.8 Special toxicology studies: None 
 
 
 

2.6.7 TOXICOLOGY TABULATED SUMMARY 

The sponsor submitted three summary tables for toxicology studies. 
 

(b) (4)
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(b) (4)
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OVERALL CONCLUSIONS AND RECOMMENDATIONS 

 
Summary:   
 
The sponsor performed genotoxicity studies with the excipient (pentadecalactone,  exaltolide) in 
addition to 13-Week toxicity studies in rats and dogs.  4-Week intranasal instillation toxicity study 
(Study#7639-100) was conducted in 10 rats/sex/group at insulin doses of  0.64 and 1.28 mg/kg/day, 
which contained 1.28 and 2.56 mg/kg/day of pentadecalactone.  There were no remarkable clinical 
signs and toxicology parameters except an expected hypoglycemic response and a slight increase in  
ALT levels in the mice of  treated groups. Repetitive stimulation on nasal passages may increase 
eosinophils in epithelium as seen in gross histopathology examination, which was confirmed in 
microscopic histopathologic demonstration of eosinophils, alveolar macrophage, and sinus globlets.  
The findings were confirmed in 13-Week Intranasal Instillation Toxicity Study with Insulin Rats 
with 4-Week Recovery (Study#7639-102).  
 
In 13-Week Intranasal Instillation Toxicity Study with Insulin in Dogs (Study#7639-103),  males 
given insulin spray at 1.761U/cm2/day and females given at 1.32 or 1.76 IU/cm2/day had 
significantly greater body weight gain, with more food consumption, during the first week of the 
dosing phase when compared with each of the three vehicle control groups. Administration of the 
test article had no remarkable effects on clinical pathology test, organ weight and mean terminal 
body weight after recovery phase in dogs.  
 
Blood glucose declined for up to 4 hours after dosing with insulin spray at 1.32 or 1.76 IU/cm2/day. 
The effect lasted longer in the females. The animals given insulin at 1.76 IU/cm2/day tended to have 
a slightly larger blood glucose depression compared with the animals given insulin at 1.32 
IU/cm2/day. The effect was pronounced on Day 1 of the dosing phase, appeared to be slightly less 
pronounced at Week 6 of the dosing phase, and did not appear to cause an effect in males at Week 
13 of the dosing phase, although females still showed the blood glucose depression at this interval.  
Treatment-related decreases in glucose were observed in 4- and 13-Week rat studies, which 
hypoglycemic  effects were shortening on Day 23, compared those on Day 1 for some reasons. 
 
In order to justify the use of % pentadecalactone intranasally (the product was approved for dermal 
use up to %), 15 rats/sex/group were administered pentadecalactone  topically at doses of  

mg/kg/day for 91 days. Clinical signs such as skin staining, cold to touch, malocclusion, 
scabbed at applied area and hair loss were commonly observed clinical signs, although they were 
not dose-related. The treatment had no effect on body weight, food consumption, hematology and 
clinical chemistry. There were no treatment effect on dermatology scores, macro- and microscopic 
findings.  However, a dermal study will not qualify an excipient for use intra-nasally. The 90-day 
rat and dog studies that used % CPE-215 should qualify. 
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(4)
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The sponsor performed three genotoxicity studies with pentadecalactone: 1) L5178Y TK +/- Mouse 
Lymphoma Forward Mutation Assay with a Confirmatory Assay with pentadecalactone 
(Study#22572-0-431 ICH), 2) In Vivo Mouse Micronucleus Assay with pentadecalactone 
(Study#22572-0-455OECD) and 3) Salmonella-Escherichia coli/Mammalian-Microsome Reverse 
Mutation Assay  with pentadecalactone(22572-0-409 OECD). All the three genotoxicity studies 
were performed under acceptable conditions and the result was negative.  
 
Finally the sponsor evaluated the effects of pentadecalactone on male fertility in rats  

#493050, Report#20650). SD rats received pentadecalactone orally (gavage)  at doses 
of 0, 200, 500 and 1000 mg/kg/day for 4 weeks prior to mating with untreated females, then 
throughout mating and continued for at least 9 weeks of dosing prior to necropsy. The females were 
killed on Day 14-16 of gestation and their reproductive tracts examined; the number of implants 
and their status were recorded. Male rats were monitored for clinical signs of toxicity, bodyweight 
and food consumption. At necropsy, the weights of the male reproductive organs were recorded; 
epididymal sperm motility and counts were assessed.   
 
Treatment-related findings in the males were limited to increases in salivation immediately post 
dosing in all treated-animals, which appears to be related to the dose. The incidences of skin 
staining were also dose-dependently increased. There was no effect on body weight, food 
consumption and organ weights at any dose level. Mating performance and the resulting pregnancy 
performance were not affected by treatment. There were no effects on sperm mobility or sperm 
count at any dose level. Under the conditions of this study, it was concluded that 1000 mg/kg/day 
was the NOAEL for effects on male fertility. There was no carcinogenicity study in this IND. 
 
Rats received 1.28 mg/kg/day/nostril in both 4- and 13-Week toxicology studies, which is 
approximately  mg/m2.  The dose was 5.2 times higher than the recommended human dose of 
100 IU, based on body surface area comparison. In case of dog, the exposure ratio was 
approximately 3.5 because each dog received insulin at a dose of mg/kg/day/nostril, which is 
equivalent to mg of insulin/m2.

(b) (4)

(b) (4)

(b) (4)

(b) (4)



Reviewer:  Herman Rhee, Ph.D.  IND No.68,464 
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Internal comments:   
 

The chemical structure of  pentadecalactone is shown to the right. 
 

 
Pentadecalactone (other names are: Exaltolide; 15-Pentadecanolide; Angelica lactone; omega-
pentadecalactone; Cyclopentadecanolide, etc) is the excipient that was approved for topical 
application up to %.  The sponsor plans to use % in a mixture with insulin for nasal spray.  The 
compound is negative in all three genotoxicity studies. There were no remarkable toxicology 
findings that are related to the test article as presented.  Local toxicity study with the test article was 
negative.  In male fertility study, there was a dose-related increase in salivation (0, 2, 14, and 24 rats 
out of 24 rats in control,  mg pentadecalactone groups). 
 
 
In this study both of rats and dogs, blood glucose declined rapidly for up to 4 hours after dosing with 
insulin spray.  Treatment-related decreases in glucose were observed in 4- and 13-Week rat studies, 
which hypoglycemic effects were shortening on Day 23, compared those on Day 1 for some reasons.  
The hypoglycemic effect lasted longer in the female dogs, which appears to be related to the insulin 
dose. The effect was pronounced on Day 1 of the dosing phase, appeared to be slightly less 
pronounced at Week 6 of the dosing phase, and did not appear to cause an effect in males at Week 13 
of the dosing phase, although female dogs still showed the blood glucose depression at this interval.  
It is not known that the reduced effects were due to the potential reduction of insulin bioavailability 
due to histopathological changes in nasal passages such as thickening of nasal turbinates. However, 
the tachyphylaxis that was observed in  4-Week to 13-Week toxicology studies in rats and 13-week 
toxicity study in dogs  should be keep in mind. 
 
 
External comments (to sponsor):  
 
In 4- and 13-Week toxicology studies both in rats and dogs, blood glucose declined rapidly for up to 
4 hours after dosing with insulin spray.  However, it appears that the hypoglycemic effect was 
pronounced on Day 1, compared to the 13 weeks later in both rats and dogs. Please explain this 
tachyphylaxis, which may also occur in human.  
 
 
 
Herman Rhee, Ph.D., Review Pharmacologist 
 
cc: IND Arch 
      HFD510 
      HFD510/Davis-Bruno/J. Zawadzki/R.Hedin/ H.Rhee 
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