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1 Executive Summary

1.1 Discussion of Nonclinical Findings
NDA 211321 for Nayzilam (midazolam nasal spray; MDZ NS) in the acute treatment of 
seizures in patients 12 years of age or older who require control of intermittent episodes 
of increased seizure activity (e.g., ARS, seizure clusters) is a 505(b)(2) application and 
relies on the previous finding of safety and effectiveness for the listed drug, Versed 
Injection (NDA 018654). 

To evaluate the safety of MDZ NS, the sponsor conducted 5 intranasal (IN) toxicity 
studies, including a juvenile rat study. The first 3 general toxicity studies (14-day studies 
in rat and dog and 13-week dog study) used an early formulation of MDZ NS (ITI), while 
the subsequent 2 (6-month adult rat and juvenile rat toxicity studies) used an updated 
formulation (USL261) also used in the Phase 3 clinical studies. The differences between 
the MDZ NS-ITI and USL261 formulations involve only small changes in the amounts of 
excipients. These studies did not indicate any unexpected toxicity associated with the IN 
administration of MDZ NS to rats and dogs at doses greater than those to used clinically, 
both on a body surface area and nasal surface area basis. 

In the 14-day toxicity study in rats, daily IN administration of MDZ NS (0 (sham-dosed), 0 
(vehicle), 0 (vehicle w/o MPEG ), 1, 3, or 6 mg/day; 40-80 uL/day) produced no effects 
on body weight (BW), clinical chemistry, ophthalmology, or macroscopic or microscopic 
anatomic pathology. There was no evidence of local irritation in the nostrils or of adverse 
microscopic findings in the nasal cavities. The NOAEL for local and systemic toxicity was 
the highest dose tested (6 mg/day or approximately 16.7 mg/kg/day in males and 
approximately 24.5 mg/kg/day in females) corresponding to AUC0-6h values of 329.68 
ng.h/mL in males and 832.05 ng.h/mL in females measured after the first dose on last 
day of BID dosing).

When MDZ NS (0 (vehicle), 10, 15, 30 mg/day) was administered to beagle dogs 
intranasally via single dose spray pumps once daily for 14 consecutive days, transient 
clinical signs of CNS toxicity (e.g., impaired equilibrium) were observed in HD females, 
but there were no BW, clinical pathology, ophthalmoscopic, or local or systemic 
macroscopic or microscopic findings considered drug-related. Lung and nasal cavity 
inflammatory cell infiltrates seen in all groups with similar incidence and severity were 
thought to represent a background inflammatory reaction, but a role of vehicle could not 
be excluded because there was no saline control group for comparison. The NOAEL was 
30 mg/day (75 mg/mL when administered at volumes up to 400 μL) corresponding to AUC 
values of 1172 hr•ng/mL in males and 724 hr•ng/mL in females.

Intranasal instillation of MDZ NS (0 (saline), 0 (vehicle), 1, 3, or 6 mg/day) to rats for 6 
months produced transient clinical signs of pharmacological activity (hypoactivity, head 
weaving, excessive eating) but no BW, clinical pathology, or ophthalmoscopic effects. 
Liver weights were increased somewhat at all doses, but there were no macroscopic or 
microscopic changes considered drug-related. There was some microscopic evidence of 
nasal irritation (accumulations of red blood cells and serous fluid/fibrin within the nasal 
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cavities), but they were considered a background finding because they occurred with a 
similar incidence and severity in the vehicle control and HD groups (only groups 
examined). Based on the lack of drug-related effects in these groups, evaluation of 
additional groups (saline control, lower dose groups) was not considered warranted. 
Therefore, the possible contribution of vehicle to the nasal findings cannot be determined. 
The HD (Day 182 AUC values of 126 and 270 hr·ng/mL in males and females) was 
considered the NOAEL.

In the 13-week IN dog toxicity study, BID administration (single dose spray pump, 0.1 
mL/spray) of MDZ NS (0 (sham), 0 (vehicle), 20, 30, or 60 mg/day) to beagle dogs 
resulted in transient clinical signs (impaired equilibrium, hyperactivity, excessive 
salivation), alterations in urinalysis parameters (higher total urine electrolytes), and 
increased liver weights. There were no BW, ophthalmoscopic, EEG, hematology, clinical 
chemistry, or gross or microscopic anatomic pathology changes attributed to dosing (no 
clinical or microscopic evidence of local tissue irritation in the nasal cavities). The HD was 
considered the NOAEL (corresponding to approximate nominal doses of 4.88 and 6.52 
mg/kg/day for males and females, respectively), which was associated with MDZ AUCs 
of 1690 and 914 ng•h/mL for males and 1465 and 803 ng•h/mL for females on study days 
0 and 88, respectively.

Intranasal instillation of MDZ NS (0 (vehicle), 25, 50, 75 mg/mL) to juvenile rats from PND 
7 through 70 at doses of up 28 mg/kg/day did not result in drug-related mortality or clinical 
signs. Decreased BWs were seen during the pre-weaning period at the HD and vaginal 
opening was delayed in MD and HD females. There were no apparent drug-related 
differences in sensory function, reflex responses, motor activity, or learning and memory 
(simplified Morris-type water maze). Startle amplitude was increased in HD males (NS) 
and females (SS) at the end of treatment, but no clear group differences were seen after 
the recovery period. Clinical pathology, organ weights, and gross and microscopic 
pathology were unaffected by treatment. Mating performance and fertility were similar 
across groups. Plasma exposure data indicated marked variability over the course of the 
study. This was thought to be due to the IN volume limitations in the young animals, which 
resulted in the dose on a mg/kg basis varying throughout the study. MPEG concentrations 
of up to 17 μg/mL were achieved. The NOAEL for juvenile animal toxicity in this study 
was 75 mg/mL, equivalent to 19-28 mg/kg/day.

MDZ NS contains the novel excipient methoxypolyeothylene glycol  (MPEG ), 
which is in some approved topical products and at least one IV drug product (  

), but no intranasal product. In addition to the general toxicity studies conducted 
with the clinical formulation, a genotoxicity battery was conducted with the excipient. 
MPEG  was negative for genotoxicity in the Ames and invitro human lymphocyte 
assays and the in vivo rat micronucleus assay.

MPEG  is present in the clinical formulation at levels up to % (  mg/100 uL).  
According to the MDZ NS proposed labeling, recommended dosing would be a single 5 
mg initial dose administered into one nostril followed by an additional 5 mg dose 
administered in the opposite nostril after 10 minutes if the patient has not responded to 
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the initial dose. Total exposure of a patient to MPEG  in the MDZ NS formulation after 
administration of both doses (100 µL X 2) would be  mg or  mg/kg. Local 
exposure would be  mg/cm2 based on the total nasal surface area (160 cm2) for an 
adult human (Gizurarson, Acta pharmaceutica Nordica 2(2):105-22,1990). For species 
comparison, exposure to MPEG  in the MDZ NS formulation in the 6-month intranasal 
rat study following instillation of 80 μL (  mg) at the HD (NOAEL) was  mg/kg 
(mean body weight of 0.3 kg). Local intranasal exposure was calculated to be mg/ cm2 
based on the total nasal surface area (14 cm2) in rats. In the 13-week dog study, exposure 
to MPEG  at the HD (800 µL/day) was  mg,  mg/kg (9 kg BW), or  mg/cm2 
(nasal surface area of 221 cm2). Thus, on a nasal surface area basis, the daily MPEG-

 doses were approximately 5X and 3X higher than that in adult humans in the rat and 
dog, respectively. On a body surface area basis, daily MPEG  doses were 13 and 
14X human in rat and dog, respectively. With daily dosing over the course of the 6-month 
and 13-week studies, total doses were greater in both species compared to the proposed 
clinical maximum recommended intermittent dosing regimen (2 doses/day [1 per nostril] 
no more than once every 3 days). Margins were variable in juvenile rats due to the 
technical limitations of the study, but the sponsor is not seeking a juvenile indication at 
this time.

Two degradants of MDZ NS (designated A and B) were identified in stability studies at 
levels that reach or exceed the ICH qualification threshold of % for a drug 
product having a maximum daily dose of 10 mg. The sponsor set a specification limit of 

% for each impurity. To qualify Degradants A and B, a single IN dose rat study that 
included a micronucleus assay was conducted, as well as in vitro genotoxicity assays 
(Ames and human lymphocyte). The results of the studies indicated no safety concerns. 
However, for a chronic intermittent indication, a 3-month toxicity study would generally be 
needed to qualify an impurity (ICH Q3B(R2)). Because levels of the degradants were low 
(< %) in the drug batches used in the pivotal toxicity studies, the completed studies are 
inadequate to qualify the impurities at the % specification limit. Therefore, the 
specification limit for each impurity needs to be lowered to the qualification threshold. 
According to the FDA chemistry reviewer (Stephanie Emory) this would require 
shortening the expiry to 18 months.

1.2 Recommendations

The application is approvable from a pharmacology/toxicology standpoint, provided the 
specification limits for Degradants A and B are lowered to the qualification threshold of 

%.
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2 Drug Information

2.1 Drug
CAS Registry Number 59467-70-8

Generic Name midazolam

Chemical Name 8-chloro-6-(2-fluorophenyl)- 1 -methyl-
4H-Imidazo (1,5-a)(1,4)benzodiazepine) 
hydrochloride

Molecular Formula/Molecular Weight C18H13ClFN3∙

Pharmacologic Class Benzodiazepine

2.2 Relevant IND 77421

2.3 Proposed Clinical Population and Dosing Regimen
Acute treatment of seizures in patients 12 years of age or older who require control of 
intermittent episodes of increased seizure activity (e.g., ARS, seizure clusters). The 
proposed maximum recommended intermittent dosing regimen is 2 doses/day (1 per 
nostril) no more than once every 3 days.

3 Studies Reviewed 
Repeat-Dose General Toxicity

Rat
- 14-day intranasal toxicity study of MDZ-NS in rat 
- 6-month intranasal toxicity study in MDZ NS in rat

    Dog
- 14-day intranasal toxicity study of MDZ NS in dog
- 13-week intranasal toxicity study of MDZ NS in dog

Developmental Toxicity

- Intranasal juvenile rat toxicity study of MDZ NS

Special Toxicity

- In vitro and in vivo genotoxicity studies of novel excipient MPEG
- In vitro and in vivo genotoxicity studies of impurities A and B
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4 General Toxicology

4.1 Repeat-Dose Toxicity
Study title:  A 14-day intranasal instillation toxicity study of midazolam nasal spray 
with a 14-day recovery period in Sprague Dawley rats

Study no.: -637002
Study report location: 4.2.3.2

Conducting laboratory and location:
Date of study initiation: 10/15/07

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Lot no. 071010D, 100.2%

Key Study Findings
Daily intranasal administration of MDZ NS (0 (sham-dosed), 0 (MPEG  vehicle), 0 
(vehicle w/o MPEG ), 1, 3, or 6 mg/day; 40-80 uL/day) to S-D rats produced no effects 
on BW, food consumption, clinical chemistry, ophthalmology, or macroscopic or 
microscopic pathology. There was no evidence of local irritation in the nostrils or evidence 
of treatment-related adverse microscopic findings in the nasal cavities. The NOAEL for 
local and systemic toxicity was the highest dose tested of 6 mg/day (or approximately 
16.7 mg/kg/day in males and approximately 24.5 mg/kg/day in females) corresponding to 
AUC0-6 values of 329.68 ng.h/mL in males and 832.05 ng.h/mL in females (after the first 
dose on the last day of dosing).

Methods
Doses: 0 (sham-dosed), 0 (MPEG  vehicle), 0 

(vehicle w/o MPEG ), 1, 3, 6 mg/day
Frequency of dosing: BID, 2 instillations/nostril, 2-4 instillations/day

Route of administration: intranasal
Dose volume: 20 uL/instillation, 40-80 uL/day

Formulation/Vehicle: ITI formulation/MPEG-  PEG-400, propylene 
glycol, ethanol, and water

Species/Strain: Crl:CD(SD)
Number/Sex/Group: 10-15/sex/group

Age: 10 weeks
Weight: 208-355 gm

Satellite groups: 12/sex/grp TK
Unique study design: Sham-dosed and 2 vehicle controls

Deviation from study protocol: None that impacted study quality or integrity

S-D rats were administered MDZ NS (ITI formulation) or vehicle (with and without MPEG-
) as 2 to 4 nasal instillations of 20 μL/instillation to deliver doses of 0 (sham), 0 
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(vehicle), 0.5, 1.5, or 3 mg twice daily for 14 days. A subset of 5 rats/sex/group for Groups 
1, 2, 3, and 6 were assigned to the 14-day recovery period (see Table below). Doses 
were based on the maximum solubility of MDZ in the nasal spray vehicle (approximately 
75 mg/mL) and practical limits of IN administration to rats, which resulted in a MFD of 6 
mg/day.

Observations and Results

Mortality
All animals survived to the scheduled necropsies.
Clinical Signs
Dose-related clinical observations of hypoactivity, impaired equilibrium, partial closure of 
1 or both eyes, and swaying were noted in all drug-treated groups. These clinical sings 
were acute and transient, and considered to be a result of exaggerated pharmacology.
Body Weights
Body weights were unaffected by drug or vehicle administration. There were no 
statistically significant (SS) differences among control and drug-treated groups.

Reference ID: 4410945Reference ID: 4436994
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Food Consumption
Unaffected by drug or vehicle administration.
Ophthalmoscopy
No ophthalmic lesions indicative of toxicity were observed in any of the treated groups.
Hematology
There were no drug- or vehicle-related alterations in hematology and coagulation 
parameters.
Clinical Chemistry
There were no drug- or vehicle-related changes in serum chemistry parameters.
Urinalysis
There were no drug- or vehicle-related differences in urinalysis parameters.
Gross Pathology
There were no findings considered to be associated with the intranasal instillation of the 
drug or vehicle.
Organ Weights
Absolute and relative liver weights were increased (SS) in MD and HD males and HD 
females. 
Histopathology
There were no drug- or vehicle-related histologic changes.

Toxicokinetic
Single-dose TK data were collected on Day 0 (first day of dosing). As shown in Table 2, 
peak (Cmax) and total (AUClast) exposures to MDZ generally increased as a function of 
the dose. The Tmax occurred between 0.083 and 0.5 hours (~5–30 minutes) after dosing, 
suggesting that the drug is rapidly absorbed by the IN route of administration. The plasma 
t½ of MDZ ranged from 0.6 to 2.3 hours. No sex-related differences were observed.
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TK determined on Day 13 are shown below. Tmax ranged from 0.08 to 0.17 hours, and 
both Cmax and AUClast increased with dose. Clast values (concentrations at 6 hours post-
dose) were about 0.2 to 8.8% of the Cmax indicating that MDZ is cleared from plasma 
prior to the second dose. There were no appreciable sex differences in any of the TK 
parameters. Mean t½ ranged from 0.36 to 6.4 hours on the last day of treatment. 
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Study title:  a 14-day intranasal instillation toxicity study of midazolam nasal spray 
with a 14-day recovery period in beagle dogs

Study no.: -637001
Study report location: 4.2.3.2

Conducting laboratory and location:
Date of study initiation: 4/25/07

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Lot nos. ND0702MZ, ND0703MZ; 102.3, 
102.5%

Key Study Findings
When MDZ NS (0 (vehicle), 10, 15, 30 mg/day) was administered to beagle dogs 
intranasally via single-dose spray pumps once daily for 14 consecutive days, transient 
clinical signs of CNS toxicity (e.g., impaired equilibrium) were observed in the HD 
females, but there were no BW, clinical pathology, ophthalmoscopic, or local or systemic 
macroscopic or microscopic findings considered drug-related. Lung and nasal cavity 
inflammatory cell infiltrates seen in all groups with similar incidence and severity were 
thought to represent a background inflammatory reaction, but a vehicle effect could not 
be excluded because there was no saline control group for comparison. The NOAEL was 
≥30 mg/day 75 mg/mL when administered at volumes up to 400 μL). Corresponding 
AUC0-6h values on study days 0 and 13 for males and females receiving 30 mg/day were 
913 and 1172 hr•ng/mL and 519 and 724 hr•ng/mL, respectively.

Methods
Doses: 0 (vehicle), 10, 15, 30 mg/day

Frequency of dosing: QD, 1-2 sprays/nostril, 2-4 sprays/day
Route of administration: intranasal

Dose volume: 100 uL/spray
Formulation/Vehicle: ITI formulation/MPEG-  PEG-400, propylene 

glycol, ethanol, and water
Species/Strain: Beagle

Number/Sex/Group: 4-6/sex/group
Age: 6-7 months

Weight: NA
Satellite groups: None

Unique study design: None

MDZ NS (ITI formulation) was administered intranasally via single-dose spray pumps 
once daily for 14 consecutive days (see Table below). The control and 30 mg/day groups 
were each treated with 4 single-dose sprays per animal of the placebo or 75 mg/mL 
midazolam (MZ NS 75), respectively. One single-dose spray pump was discharged into 
each nostril, followed by an approximate 10-minute period before discharge of an 
additional single-dose spray pump into each nostril to complete the daily administration. 
The 10 and 15 mg/day groups were each treated with 2 single-dose sprays per animal (1 
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per nostril) of 50 (MZ NS 50) and 75 mg/mL midazolam, respectively. The first day of 
dosing was study day 0; the first week of dosing was study week 0. A recovery period of 
14 days assessed reversibility. Doses were based on the anticipated human doses and 
concentrations, and the highest feasible concentration with this MDZ NS-ITI formulation 
is 75 mg/mL. The HD was considered the MFD for dogs with QD IN dosing.

Observations and Results

Mortality
All animals survived to the scheduled necropsies.
Clinical Signs
Wet clear and/or white frothy material around the mouth was observed in all drug-treated 
groups immediately following dosing (not seen in vehicle-treated groups). This 
observation persisted to the 5-10 minute post-dosing observation period in HD males and 
all drug-treated group females. Additional observations immediately following dosing 
included excessive salivation in MD females and HD males and females and impaired 
equilibrium in MD males and HD males and females. 
Body Weights
Body weights were unaffected by drug administration. There were no statistically 
significant (SS) differences among control and drug-treated groups.
Food Consumption
Unaffected by drug administration.
Ophthalmoscopy
No ophthalmic lesions indicative of toxicity were observed in any of the treated groups.
Hematology
There were no drug-related alterations in hematology and coagulation parameters.
Clinical Chemistry
There were no drug-related changes in serum chemistry parameters.
Urinalysis
There were no drug-related differences in urinalysis parameters.
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Gross Pathology
There were no findings considered to be associated with intranasal drug administration.
Organ Weights
There were no drug-related alterations in final body weight or organ weights at the primary 
necropsy.
Histopathology
Dogs in all groups, including the vehicle control group, showed minimal to mild upper 
respiratory alterations of mixed inflammatory cells infiltrates in the submucosa of the 
turbinates and nasal cavity lining epithelium and submucosa; and accumulation of 
neutrophils in the maxillary recess of the nasal cavity, when the data from both the primary 
and recovery necropsies were combined. Lung lesions were also present in all dogs 
examined at primary necropsy. The histologic alterations in the nasal cavities and lungs 
of dogs administered MDZ NS were considered indistinguishable from the vehicle control 
group in the pathology report (see below). The alterations in the respiratory tract, including 
the lung and nasal cavities were interpreted as probable background lesions, unrelated 
to MDZ NS; however, the contribution of the vehicle to these findings could not be 
determined since there was no saline control.
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Incidence of Infiltrates of Mixed Inflammatory Cells and Inflammation, suppurative at 
Levels I to V of the Nasal Cavity. Histopathologic Findings. Combined Males and Females 
in all groups. All Necropsies.
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Toxicokinetic
On study day 0, Tmax ranged from 0.10 to 0.24 hours and plasma half-life ranged from 
0.26 to 0.41 hours.  (Note mistake in table legend: dosing was QD, not BID.)
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On study day 13, Tmax ranged from 0.10 to 0.25 hours and half-lives ranged from 0.26 
to 0.49 hours. There were no appreciable sex-related differences in the TK parameters. 
Mean Cmax and area under the curve (AUClast) for MDZ on days 0 and 13 are shown 
below. 

Study title:  6-Month Intranasal Toxicity Study of Midazolam in Rats (including 3-
Month and Recovery Interim Groups)

Study no.: 10-610
Study report location: 4.2.3.2

Conducting laboratory and location:
Date of study initiation: 3/5/12

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Lot #s -M0059-001-02-01, -
M0059-001-03-01; 101.4, 100.9%

Key Study Findings
Intranasal instillation of MDZ NS (0 (saline), 0 (vehicle), 1, 3, or 6 mg/day) to S-D rats for 
6 months produced transient clinical signs of pharmacological activity (hypoactivity, head 
weaving, excessive eating), but no BW, clinical pathology, or ophthalmoscopic effects. 
Liver weights were increased somewhat at all doses, but there were no macroscopic or 
microscopic changes considered treatment-related. There was some microscopic 
evidence of nasal irritation (accumulations of red blood cells and serous fluid/fibrin within 
the nasal cavities) but since these were seen with a similar incidence and severity in the 
vehicle control and HD groups (only groups examined) they were considered a 
background finding. Based on the lack of treatment-related effects in these groups, 
evaluation of additional groups (saline control, lower dose groups) was not considered 
warranted. Therefore, the possible contribution of vehicle to the nasal findings cannot be 
determined. The HD (Day 182 AUC0-last values of 126 and 270 hr·ng/mL in males and 
females) was considered the NOAEL.
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Methods
Doses: 0 (vehicle), 0 (saline), 1, 3 or 6 mg/day

Frequency of dosing: BID, 1 instillation/nostril, 2 instillations/day
Route of administration: intranasal

Dose volume: 10, 20 or 40 μL/administration
Formulation/Vehicle: USL261 formulation/MPEG-  PEG-400, 

propylene glycol, ethanol, and water
Species/Strain: Crl:CD(SD)

Number/Sex/Group: 30/sex/group (10/sex for 3-month, 20/sex for 6-
month arms) + 5 recovery/sex for C & HD

Age: 4-5 weeks
Weight: 71-131 gm at start

Satellite groups: 6/sex/grp TK
Unique study design: vehicle and saline controls

Deviation from study protocol: None that impacted study quality or integrity

S-D rats were administered MDZ NS (0 (saline), 0 (vehicle), 1, 3, or 6 mg/day; USL261 
formulation) by IN instillation twice-daily (10, 20 or 40 μL/administration) for 91 or 182 
consecutive days (treatment groups shown below). Doses were based on the 14-day rat 
toxicology study, in which the HD was an MFD.

Observations and Results

Mortality
No drug- or vehicle-related deaths.
Clinical Signs
Excessive eating (and drinking in some cases) followed by hypoactivity were seen 
immediately after intranasal instillation at all doses. In addition, head weaving was seen 
on occasion in a few rats in the MDZ-treated groups. Excessive eating continued 
throughout the study as indicated by food consumption data, while hypoactivity and head 
weaving were confined to the first week of dosing.
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Body Weights
Transient increases in BW and BW gain were seen in drug-treated groups, but there were 
no SS group differences over the treatment period. 
Food Consumption
Food consumption was transiently increased in MDZ-treated groups, but there were no 
SS differences over the treatment period.
Ophthalmoscopy
No ophthalmic lesions indicative of toxicity were observed in any of the drug- or vehicle 
treated groups.
Hematology
There were no drug- or vehicle-related alterations in hematology and coagulation 
parameters.
Clinical Chemistry
There were no adverse toxicological effects of the test material on clinical chemistry 
parameters.
Urinalysis
There were no drug- or vehicle-related differences in urinalysis parameters.
Gross Pathology
There were no findings considered to be associated with the drug or vehicle.
Organ Weights 

Increased absolute and relative liver weights were observed in MDZ-treated groups at all 
doses. These increases were considered to be secondary to body BW effects or an 
adaptive metabolic response; however, there was no clinical chemistry correlate. 

Histopathology (only vehicle control and HD groups examined)

No treatment-related macroscopic or microscopic findings were noted. Evaluation of 4 
levels of the nasal passages did not reveal any adverse effects related to treatment with 
MDZ. Small and similar accumulations of red blood cells and serous fluid/fibrin were 
present within the nasal cavities of both the vehicle control and HD groups. The small 
numbers of red blood cells and serous exudation were considered a background finding 
in the nasal cavities of the rats in the report. Based on the lack of treatment-related effects 
in these 2 groups, evaluation of additional groups (saline control, lower doses) was not 
considered warranted. Therefore, the possible contribution of vehicle to the nasal findings 
cannot be determined.
Toxicokinetic
Absorption was rapid with Tmax occurring between 5 and 30 minutes post dose. MDZ 
AUC0-last values were 38.3, 112 and 183 hr·ng/mL in males and 48.7, 134 and 263 

Reference ID: 4410945Reference ID: 4436994



NDA # 211321 Ed Fisher

19

hr·ng/mL in females, respectively, on Day 1 and 36.6, 98.4 and 126 hr·ng/mL in males 
and 48.5, 159 and 270 hr·ng/mL in females on Day 182 at the LD, MD, and HD, 
respectively. Generally, exposures (AUC) were somewhat higher in females than in 
males. AUC values were similar from day 1 to day 182, except at the HD, at which 
exposures were higher (36-77%) on day 92, then decreased on day 182 to roughly day 1 
values or lower. Quantifiable plasma levels of 1-hydroxy and 4-hydroxy metabolites were 
only observed in a limited number of samples at the MD and HD groups: the 1- hydroxy 
metabolite AUCs were 0.7-2.8% of the corresponding MDZ AUC and 4-hydroxy 
midazolam was approximately 1.0% of MDZ exposure.

Study title:   A 13-week intranasal instillation toxicity study of midazolam nasal spray 
with a 4-week recovery period in beagle dogs

Study no.: - 637003
Study report location: 4.2.3.2
Conducting laboratory and location:
Date of study initiation: 6/2/08
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: Lot nos. NC0801MZ, CI0703MZ, ND0801MZ; 101.2, 102.2, 
97.4%

Key Study Findings
BID intranasal administration (0.1 mL/spray) of MDZ NS (0 (sham), 0 (vehicle), 20, 30, 60 
mg/day; ITI formulation) to beagle dogs resulted in transient clinical signs (impaired 
equilibrium, hyperactivity, excessive salivation), alterations in urinalysis parameters 
(higher total urine electrolytes), and increased liver weights. There were no BW, 
ophthalmoscopic, EEG, hematology, clinical chemistry, or gross or microscopic anatomic 
pathology changes attributed to dosing (no clinical or microscopic evidence of local tissue 
irritation in the nasal cavities). The HD was considered the NOAEL (corresponding to 
approximate nominal doses of 4.9 and 6.5 mg/kg/day for males and females, 
respectively), corresponding to MDZ AUCs of 1690 and 914 ng•h/mL for males and 1465 
and 803 ng•h/mL for females, and hydroxymidazolam AUCs of 205 and 114 ng•h/mL for 
males and 236 and 102 ng•h/mL for females on study days 0 and 88, respectively.
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Methods
Doses: 0 (sham), 0 (vehicle), 20, 30, 60 mg/day

Frequency of dosing: BID, 2-4 sprays/nostril, 4-8 sprays/day 
Route of administration: intranasal

Dose volume: 0.1 mL/spray
Formulation/Vehicle: ITI formulation/MPEG-  PEG-400, propylene 

glycol, ethanol, and water
Species/Strain: Beagle

Number/Sex/Group: 4-6/sex/group (2 recovery/sex for C & HD)
Age: 6-7 months

Weight: NA
Satellite groups: No

Unique study design: Sham-treated and vehicle controls
Deviation from study protocol: None that impacted study quality or integrity

MDZ NS (ITI formulation) was administered intranasally via single-dose spray pumps (0.1 
mL/spray, 2-4 sprays BID) to beagle dogs for 13 weeks followed by a 4-week recovery 
period (treatment groups shown below). Vehicle and HD groups were treated with 8 
single-dose sprays per animal/study day and the sham-treated animals were restrained 
and mechanically manipulated with an empty spray vial in the same manner. For each 
dose administration (6 hours between doses), 1 single-dose spray pump was discharged 
into each nostril, followed by an approximate 10-minute period before discharge of an 
additional single-dose spray pump into each nostril. LD and MD groups were treated with 
2 single-dose sprays (1 per nostril) of 50 (MZ NS 50) or 75 mg/mL midazolam (MZ NS 
75), respectively, for a total of 4 single-dose sprays per animal/day. Doses were based 
on the 14-day dog study, the volume limitations for IN administration to dogs, and the 
solubility limit of MDZ in the vehicle (approximately 75 mg/mL). The HD was considered 
the MFD for dogs.

Observations and Results

Mortality
All animals survived to the scheduled necropsies.
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Clinical Signs
Immediately post-dose, all MDZ-dosed groups were observed with hyperactivity and 
excessive salivation. Additionally, the MD and HD animals were observed with impaired 
equilibrium, wet white material around the nose, white frothy material around the mouth 
and/or on the cage floor and reddening of the ear(s) and/or around the mouth. In general, 
observations began on study day 0, increased in incidence through approximately study 
week 3, and were observed sporadically through study week 13. These clinical 
observations were considered to reflect the pharmacological properties of MDZ and were 
not considered adverse. Reddening of the ears was observed in a HD male and reddening 
around the mouth was seen in a HD female during the recovery period, but other signs 
showed complete recovery.
Body Weights
Body weights were unaffected by drug or vehicle administration. 
Food Consumption
Unaffected by drug administration.
Ophthalmoscopy
No ophthalmic lesions indicative of toxicity were observed in any of the treated groups.
Hematology
There were no drug-related alterations in hematology and coagulation parameters.
Clinical Chemistry
There were no drug-related changes in serum chemistry parameters.
Urinalysis
Total urine electrolytes (sodium, potassium, and chloride), corrected total electrolytes 
(sodium, potassium, and chloride), total urine creatinine, creatinine clearance, and 
corrected creatinine clearance were increased (SS in males) in all MDZ-treated groups 
at week 12. Decreased (SS) urine creatinine concentrations were seen in all MDZ-dosed 
and vehicle group males at study week 12 compared to the sham-treated group. These 
changes were considered to be related to higher urine volume in these groups (SS in all 
MDZ group males and increased NS in vehicle males compared to sham treated control; 
see Table below). Although considered to be treatment-related, these changes in urine 
chemistry parameters were interpreted to be the result of a dilutional effect due to higher 
urine volumes. In the absence of morphologic pathology or clinical pathology evidence of 
altered renal function and no effects on kidney weights, these changes in urine chemistry 
parameters were considered non-adverse.
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ECG

There were no ECG changes attributed to administration of the drug or vehicle.

Gross Pathology

There were no findings considered to be associated with intranasal drug or vehicle 
administration.
Organ Weights
Increases in absolute and relative liver weights seen in all MDZ-dosed groups were 
considered to be drug-related, but because they were not associated with clinical or 
morphologic pathology correlates suggestive of liver injury, they were considered non-
adverse and adaptive in nature.
Histopathology
There were no nasal or systemic histologic alterations considered drug- or vehicle-related 
in the study report. An increased incidence of minimal renal basophilic tubules (renal 
tubules lined with epithelial cells with granular, amphophilic cytoplasm, and large, 
vesiculate nuclei; considered representative of tubular regeneration) was observed in MD 
and HD females (2 of 4 and 3 of 4, respectively) at the primary necropsy relative to control 
groups (1 of 4 sham-treated animals and 0 of 4 placebo-treated animals), but an opposite 
trend was seen in males, with a higher incidence of minimal basophilic tubules in the 
sham-treated group compared to the MDZ-treated groups. Based on the opposite effects 
between sexes, minimal basophilic tubules were not considered treatment-related.

Toxicokinetic
The MDZ Cmax occurred from 0.25 to 0.35 hours post-dose, while the Cmax for 
hydroxymidazolam was 0.26 to 0.69 hrs post-dose. Decrease in AUC and Cmax for both 
midazolam and hydroxymidazolam from study day 0 to day 88 indicated metabolic 
enzyme induction.
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Midazolam 
dose Tmax1 Cmax1 Tmax2 cmax2 AUC1as11 AUC1as12 AUC1as1101a1 

(mg/dav) On') (ng/mL} Ou-) (ng/mL) (h•ng/mL) (h•ng/mL) (h•ng/mL) 

Study Day 0 
Males 

20 0.25 341.0 0.35 633.8 154.0 237.1 391.1 
30 0.27 497.0 0.27 225.8 223.4 95.8 319.3 
60 0.25 2300.0 0.28 1161.8 1219.5 470.3 1689.8 

Females 
20 0.25 490.8 0.33 322.5 222.1 169.3 391.4 
30 0.27 1036.0 0.27 565.0 45 1.9 227.5 679.4 
60 0.29 1681.7 0.29 1238.5 988.0 477.l 1465.1 

Study Day 88 
Males 

20 0.27 224.5 0.27 247.l 127.0 102.2 229.2 
30 0.25 264.0 0.25 132.3 130.6 72.0 202.6 

60 0.29 814.8 0.28 749.3 514.8 399.3 914.2 
Females 

20 0.27 277.7 0.25 159.6 126.6 60.2 186.8 
30 0.27 432.5 0.27 261.5 191.0 119.6 310.6 
60 0.32 770.3 0.28 918.3 469.3 334.1 803.4 



NDA # 211321 Ed Fisher

24

5 Developmental Toxicology

5.1     Juvenile Development

Study title:  Juvenile Intranasal Toxicity Study of USL261 in Rats
Study no.:  Study No.: 13-716

Study report location: 4.2.3.5
Conducting laboratory and location:  

Date of study initiation: 1/14/14
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Lot #s 13-600322, 13-600609, and 12-

600471; NA 

Key Study Findings
Intranasal administration of MDZ NS formulation (0 (vehicle), 25, 50, 75 mg/mL) to rats 
from PND 7 to 70 at doses of up 28 mg/kg/day did not result in treatment-related mortality 
or clinical signs. Decreased BWs were seen during the pre-weaning period at the HD and 
vaginal opening was delayed in MD and HD females. There were no apparent treatment-
related differences in sensory function, reflex responses, motor activity, or learning and 
memory (simplified Morris-type water maze). Startle amplitude was increased in HD 
males (NS) and females (SS) at the end of treatment, but no clear group differences were 
seen after the recovery period. Clinical pathology, organ weights, and gross and 
microscopic pathology were unaffected by treatment. Mating performance and fertility 
were similar across groups. TK data indicated marked variability in drug exposures over 
the course of the study. MPEG plasma levels of up to 17 μg/mL were acheived. The 
NOAEL for juvenile animal toxicity was 75 mg/mL, equivalent to 19-28 mg/kg/day.

Methods
Doses: 0 (vehicle), 25, 50, 75 mg/mL (see design below)

Frequency of dosing: BID, 1 instillation/nostril, 2 instillations/day 
Route of administration: Intranasal instillation

Dose volume: 2-50 μL/administration
Formulation/Vehicle: USL261 formulation/MPEG-  PEG-400, 

propylene glycol, ethanol, and water
Species/Strain: S-D rat

Number/Sex/Group: 20-25/sex/group from 25 litters/group
Age: PND 7-70

Weight: NA
Satellite groups: 6/sex/grp TK at PND 28 and 42

Deviation from study protocol: None that impacted study quality or integrity

MDZ NS (USL261formulation) was administered by intranasal instillation (2-50 
uL/administration, BID) at concentrations of 0 (vehicle control), 25, 50 and 75 mg/mL to 
S-D rats (4/sex/litter, 25 dams/group) beginning on PND 7 for 10 weeks (through PND 
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70). The volume administered was increased approximately weekly until the maximum 
volume of 50 μL/administration was achieved (~PND 35). Mortality, BWs, developmental 
landmarks of sexual maturation (vaginal patency and preputial separation), sensory and 
reflex responses, and neurobehavioral (automated acoustic startle, motor activity, and a 
water maze learning and memory paradigm) and reproductive function were evaluated.

The maximum feasible dosing volume was determined based on a dose range-finding 
study (  Study No.: 13-706). Since the volume administered changed with age, 
the dose on a mg/kg basis varied throughout the study. The table below shows the 
approximate mg/kg dose received based on the total dose given per day and the average 
group weight during the interval specified.
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Observations and Results 

Mortality:

No drug-related deaths were reported.

Clinical signs:

No drug-related clinical signs were reported.

Body weight and food consumption:

Pre-weaning litter BWs were decreased (SS) in the HD group on PND 14 and 21, but 
postweaning BWs did not differ among groups in males or females. Food consumption 
did not appear to be affected.

Developmental landmarks:

There were no group differences in the ontogeny of eye opening and negative geotaxis 
preweaning or in sensory (pupil response, tactile placing) and reflex responses (aerial 
righting reflex and hindlimb extension) at or shortly after weaning on PND 22. Preputial 
separation was not affected by treatment, but vaginal opening was delayed in MD and 
HD females (40 ± 2 days in MD and HD compared to 38 ± 2 days in C).

Tibia length:

Tibia length (measured externally 2X weekly from PND 22-70) was consistently increased 
(SS) in MD and HD males and females.

Neurobehavioral assessments:

Motor activity (MA), acoustic startle response (ASR), and a water maze (WM; not fully 
described but appears to be a simplified version of Morris w/ 6 ft diameter tank) learning 
and memory task were conducted at the end of the treatment period and after a recovery 
period. 

In the MA evaluation, there were no apparent effects on overall activity, but there 
appeared to be a trend for decreased (NS) margin times and increased vertical plane and 
center times in treated groups at the end of treatment. This is an expected anxiolytic 
effect. There were no clear patterns among recovery groups. 

Startle amplitude was increased in HD males (NS) and females (SS) at the end of 
treatment, but no clear group differences were seen after the recovery period.

Reference ID: 4410945Reference ID: 4436994



NDA # 211321 Ed Fisher

27

In the WM, latencies tended to be increased somewhat (NS) in treatment groups during 
the acquisition and memory phases, but there were no clear differences among recovery 
groups

Reproduction:

There were no apparent effects of MDZ NS on fertility and reproductive performance.

Necropsy:

No drug-related clinical pathology or gross pathology changes were observed. No 
treatment-related changes were detected in HD animals for the limited tissues examined 
(brain, liver, lungs, trachea, larynx, reproductive organs and nasal turbinates). Two HD 
males had minimal to mild findings in the nasopharyngeal sections (levels I and IV), these 
findings were considered to be incidental background changes and unrelated to 
treatment.

TK:

A single blood sample was collected at 2 hours post the first dose of the day on PNDs 7 
and 21 and approximately PNDs 28 (28-31) and 42 (42-44) from 6 rats/sex/group. Dose-
related systemic exposure to MDZ and 1-OH-MDZ was seen on PND 7 through PND 44 
and was demonstrated 2 hours after the morning IN administration of MDZ. Marked 
variability was seen across postnatal sampling days and dose groups. MDZ plasma 
concentrations decreased between PND 7 and PND 28 followed by an increase on PND 
42. This was thought to be due to the increase in body weight over this time period while 
the normalized dose remained constant. The increase in MDZ concentration on PND 42 
within each dose group was thought to likely be due to the 5-fold dose volume increase, 
from 10 to 50 μL, while the normalized midazolam single dose only doubled.

Plasma levels of up to 5.22 and 17.13 μg/mL, respectively, for PEG and MPEG were 
measured on PNDs 44 and 75. The highest PEG and MPEG exposures were observed 
in the vehicle control group, since the concentration of the vehicle components decrease 
with increasing dose of MDZ.
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Male Pups 
:Mean Plasma Concentrations 

(no/mL) 

Group PND7 PND21 PND28 PND42 

Placebo Mean 0.0 0.0 0.09 0.0 
(0 mg/mL) SD 0.0 0.0 0.23 0.0 

%CV 0.0 0.0 244.95 0.0 

Low Dose Mean 67.03 18.97 3.03 8.03 
(25 mg/mL) SD 44.62 13.55 1.30 2.83 

%CV 66.57 71.46 42.95 35.20 

Mid Dose Mean 218.80 36.93 8.83 36.33 
(50 mg/mL) SD 186.84 25.45 5.17 33.41 

%CV 85.40 68.92 58.52 91.96 

High Dose Mean 280.32 71.47 9.94 43.93 
(75 mg/mL) SD 202.43 44.18 3.92 10.91 

%CV 72.21 61.82 39.47 24.83 
Female Pups 

lVIean Plasma Concentrations 
(no/mL) 

Group PND7 PND21 PND28 PND42 

Placebo Mean 0.0 0.0 0.0 0.0 
(0 mg/mL) SD 0.0 0.0 0.0 0.0 

%CV 0.0 0.0 0.0 0.0 

Low Dose Mean 97.93 15.34 7.07 14.81 
(25 mg/mL) SD 95.42 6.71 4.13 11.21 

%CV 97.43 43.78 58.36 75.67 

Mid Dose Mean 163.77 22.67 12.42 47.75 
(50 mg/mL) SD 80.51 11.31 7.42 20.55 

%CV 49.16 49.89 59.75 43.04 

High Dose Mean 378.33 44.62 22.40 37.67 
(75 mg/mL) SD 338.38 22.31 7.76 17.33 

%CV 89.44 50.00 34.64 46.02 
Notes: 
The quantification range for Midazolam was between 0.5 ng/mL to 500 ng/rnL of sample. 
BLQ: Below limit ofQuantitation (<0.5 ng/rnL) . BLQ values set to 0.0 ng/rnL. 
Samples for analyte analysis were taken 2 hours post close. 
Target collection clays for PND 28 and PND42 were in the range of PND 28-31 and PND 42-44, respectively. 
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6 Special Toxicology Studies

6.1 Excipient

In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)
Study title:  MPEG : Bacterial Reverse Mutation Assay

Study no.: AD58CG.502ICH.
Study report location: 4.2.3.7.7

Conducting laboratory and location:
Date of study completion: 4/4/13

GLP compliance: yes
QA statement: yes

Drug, lot #: MPEG-  Lot #11-600738

Methods and Results
MPEG  was tested in the Bacterial Reverse Mutation Assay using Salmonella 
typhimurium tester strains TA98, TA100, TA1535 and TA1537 and Escherichia coli tester 
strain WP2 uvrA in the presence and absence of Aroclor-induced rat liver S9. The assay 
was performed in two phases, using the plate incorporation method. 

In the preliminary toxicity assay, concentrations tested were 6.7, 10, 33, 67, 100, 333, 
667, 1000, 3333 and 5000 μg per plate. Neither precipitate nor toxicity was observed. 
Based on the findings of the cytotoxicity assay, the concentrations tested in the 
mutagenicity assay were 50, 150, 500, 1500 and 5000 μg per plate. Neither precipitate 
nor toxicity was observed. No positive mutagenic responses were observed with any of 
the tester strains in either the presence or absence of S9 activation. An increase in 
revertant counts (2.2-fold maximum increase) was observed with tester strain TA1535 in 
the absence of S9 activation. However, this increase was not considered indicative of 
mutagenic activity because the increase was not dose-responsive, the vehicle control 
value was on the low end of the acceptable range, and all of the plate counts for each 
concentration were within the historical vehicle control range for this tester strain. Under 
the conditions of this study, MPEG  was concluded to be negative in the Ames test.

Reference ID: 4410945Reference ID: 4436994

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)



NDA # 211321 Ed Fisher

30

In Vitro Assays in Mammalian Cells
Study title:  MPEG : In Vitro Mammalian Cell Micronucleus Assay in
Human Peripheral Blood Lymphocytes (HPBL)

Study no.: AD58CG.348ICH.
Study report location: 4.2.3.7.7

Conducting laboratory and location:
Date of study initiation: 4/4/13

GLP compliance: yes
QA statement: yes

Drug, lot #: MPEG , Lot #11-600738

Methods and Results
MPEG  was tested in the in vitro mammalian cell micronucleus test using human 
peripheral blood lymphocytes (HPBL) in the absence and presence of an Aroclor-induced 
rat S9 activation system. Cells were treated for 4 and 24 hours in the non-activated test 
system and for 4 hours in the S9-activated test system. All cells were harvested 24 hours 
after treatment initiation. Water was used as the vehicle.

In the preliminary toxicity assay, the concentrations tested ranged from 0.035 to 350 
μg/mL (1 mM). Substantial cytotoxicity was not observed at any concentration in any of 
the treatment conditions. Based on these findings, the concentrations chosen for the 
micronucleus assay ranged from 10 to 350 μg/mL for all three exposure groups. 

The highest concentration analyzed under each treatment condition was the highest 
concentration tested in the micronucleus assay. A minimum of 1000 binucleated cells 
from each culture were examined and scored for the presence of micronuclei. The 
percentage of micronucleated binucleated cells in the treated groups was not increased 
(SS) relative to control at any concentration in the presence of or the absence of S9. The 
positive and negative control results indicated a valid assay. Based on the findings of this 
study, MPEG  was concluded to be negative for the induction of micronuclei in human 
lymphocytes in vitro.
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In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)
Study title: MPEG  In Vivo Micronucleus Assay in Rats with Flow 
Cytometry Analysis

Study no: AD58CG.125031FlowPB.
Date of study completion: 4/3/13

GLP compliance: yes
QA statement: yes

Drug, lot #, and % purity:  MPEG , Lot #11-600738

Methods and Results
MPEG  (formulated in 0.9% saline) was evaluated for micronuclei induction in the 
reticulocytes of rat (male :SD) peripheral blood. In the definitive study, 0.9% saline 
was used as the vehicle control (VC) and cyclophosphamide monohydrate (CP), at a dose 
of 10 mg/kg/day, was used as the positive control. Animals in the control and excipient 
groups were dosed on 3 consecutive days by intravenous (iv) injection at a volume of 10 
mL/kg/treatment. The 2nd and 3rd dose occurred approximately 24 hours after the 
previous dose. Animals were observed for signs of toxicity following each dose and at 
least once daily thereafter. A DRF assay was conducted exposing 2 male rats/group to 
1, 10, 100, and 1000 mg/kg/day and 5 male and 5 female rats to 2000 mg/kg/day. Based 
on the absence of mortality and severe signs of toxicity in DRF assay, a dose of 2000 
mg/kg/day was the HD in the definitive assay. Two lower doses (500 and 1000 mg/kg/day) 
were also tested. Since no significant sex differences in clinical signs of toxicity were 
observed in DRF assay, only male rats were evaluated in definitive micronucleus assay. 

In the definitive assay, no mortality was observed in any of the treatment groups. All 
animals in the control and MPEG  groups appeared normal during the study period 
and no BW reductions were observed. No reductions in the ratio of RETs to total 
erythrocytes were observed in the MPEG- treated groups compared to VC. 
Reductions of 69% in the ratio of RETS to total erythrocytes were observed in the CP 
treated group compared to VC. No SS increase in the percent micronucleated 
reticulocytes (%MRETs) was observed in any of the treatment groups when compared to 
VC. CP induced a statistically significant increase in the %MRETs compared to VC. Under 
the conditions of the study, MPEG  was negative for inducing micronucleated RETs 
in the peripheral blood of male :SD rats.
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6.2 Impurities

In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)
Study title:  Bacterial Reverse Mutation Assay for Midazolam Nasal Spray 
Degradant A

Study no.: AD96LG.502ICH.
Study report location: 4.2.3.7.6

Conducting laboratory and location:
Date of study completion: 12/18/14

GLP compliance: yes
QA statement: yes

Drug, lot #, purity: Midazolam NS Degradant A, Lot #
024WJL093, 99.7%

Methods and Results
MDZ NS Degradant A was tested in the Bacterial Reverse Mutation Assay using 
Salmonella typhimurium tester strains TA98, TA100, TA1535 and TA1537 and 
Escherichia coli tester strain WP2 uvrA in the presence and absence of Aroclor-induced 
rat liver S9. The assay was performed in two phases, using the plate incorporation 
method. DMSO was used as the solvent.  Based on the findings of the cytotoxicity assay, 
the maximum concentration tested in the mutagenicity assay was 5000 μg per plate. No 
positive mutagenic responses were observed with any of the tester strains in either the 
presence or absence of S9 activation at concentrations of 100, 333, 1000, 3333, and 
5000 μg per plate. Neither precipitate nor toxicity was observed. Under the conditions of 
this study, MDZ NS Degradant A was concluded to be negative in the Ames test.

Study title:  Bacterial Reverse Mutation Assay for Midazolam Nasal Spray 
Degradant B

Study no.: AD96LH.502ICH.
Study report location: 4.2.3.7.6

Conducting laboratory and location:
Date of study completion: 1/27/15

GLP compliance: yes
QA statement: yes

Drug, lot #, purity: Midazolam NS Degradant B, Lot #
025WJL004, 99.5%

Methods and Results
Midazolam Nasal Spray Degradant B was tested in the Bacterial Reverse Mutation Assay 
using Salmonella typhimurium tester strains TA98, TA100, TA1535 and TA1537 and 
Escherichia coli tester strain WP2 uvrA in the presence and absence of Aroclor-induced 
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rat liver S9. The assay was performed in two phases, using the plate incorporation 
method. DMSO was used as the solvent. In the preliminary assay, at concentrations up 
to 5000 μg per plate, cytotoxicity was observed, as reductions in revertant counts, 
beginning at 1000, 3333, or 5000 μg per plate under some test conditions. In the 
mutagenicity assay, no positive mutagenic responses were observed with any of the 
tester strains in either the presence or absence of S9 activation at concentrations of 33, 
100, 333, 1000, 3333, and 5000 μg per plate. Neither precipitate nor cytotoxicity was 
observed. Under the conditions of the study, MDZ NS Degradant B was concluded to be 
negative in the Ames test.

In Vitro Assays in Mammalian Cells

Study title:  In Vitro Mammalian Cell Micronucleus Assay for Midazolam 
Nasal Spray Degradant A in Human Peripheral Blood Lymphocytes (HPBL)

Study no.: AD96LG.348ICH.
Study report location: 4.2.3.7.6

Conducting laboratory and location:
Date of study completion: 1/23/15

GLP compliance: yes
QA statement: yes

Drug, lot #: Midazolam NS Degradant A, Lot #
024WJL093, 99.7%

Methods and Results

MDZ NS Degradant A was tested in the in vitro mammalian cell micronucleus test using 
human peripheral blood lymphocytes (HPBL) in both the absence and presence of an 
Aroclor-induced rat S9 activation system. HPBL cells were treated for 4 and 24 hours in 
the non-activated test system and for 4 hours in the S9-activated test system. All cells 
were harvested 24 hours after treatment initiation. DMSO was used as the vehicle. 

In the preliminary assay, at concentrations ranging from 0.0359 to 359 μg/mL (1 mM), 
substantial cytotoxicity was not observed in any of the treatment groups. Based on these 
findings, the concentrations chosen for the micronucleus assay ranged from 50 to 359 
μg/mL for all three exposure groups. Cytotoxicity was not observed at any concentration. 
A minimum of 1000 binucleated cells from each culture were examined and scored for 
the presence of micronuclei. The percentage of micronucleated binucleated cells was not 
SS increased relative to VC at any concentration. The results for the positive and negative 
controls indicated that all criteria for a valid assay were met. Based on the findings of this 
study, MDZ NS Degradant A was concluded to be negative for the induction of 
micronuclei.
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Study title:  In Vitro Mammalian Cell Micronucleus Assay for Midazolam 
Nasal Spray Degradant B in Human Peripheral Blood Lymphocytes (HPBL)

Study no.: AD96LH.348ICH.
Study report location: 4.2.3.7.6

Conducting laboratory and location:
Date of study completion: 1/13/15

GLP compliance: yes
QA statement: yes

Drug, lot #, purity: Midazolam NS Degradant B, Lot #
025WJL004, 99.5%

Methods and Results

MDZ NS Degradant B was tested in the in vitro mammalian cell micronucleus test using 
human peripheral blood lymphocytes (HPBL) in the absence and presence of an Aroclor-
induced rat S9 activation system. HPBL cells were treated for 4 and 24 hours in the non-
activated test system and for 4 hours in the S9-activated test system. All cells were 
harvested 24 hours after treatment initiation. DMSO was used as the vehicle. In the 
preliminary assay, at concentrations from 0.0358 to 358 μg/mL (1 mM), cytotoxicity was 
not observed at any concentration in the non-activated and S9-activated 4-hour exposure 
groups, but was observed at 358 μg/mL in the non-activated 24-hour exposure group. In 
the micronucleus assay with concentrations from 50 to 358 μg/mL, cytotoxicity was not 
observed at any concentration in the non-activated and S9-activated 4-hour exposure 
groups, but was observed at ≥ 250 μg/mL in the non-activated 24-hour exposure group. 
The highest concentration analyzed under each treatment condition either produced 50 
to 60% reduction in CBPI or was the highest dose tested in the micronucleus assay. A 
minimum of 1000 binucleated cells from each culture were examined and scored for the 
presence of micronuclei. The percentage of micronucleated binucleated cells was not SS 
increased relative to VC at any dose. The positive and negative control results indicated 
a valid assay. MDZ NS Degradant B was concluded to be negative for the induction of 
micronuclei in vitro.

Reference ID: 4410945Reference ID: 4436994

(b) (4)

(b) (4)



NDA # 211321 Ed Fisher

35

In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)
Study title:  Intranasal Toxicity Study of a Single Dose of Midazolam Nasal 
Spray (MDZ NS) Formulation in Combination with High and Low 
Concentrations of Degradants A and B in Rats

Study no.:  Study No.: 14-754
Study report location: 4.2.3.7.6

Conducting laboratory and location:

Date of study initiation: June 9, 2015
GLP compliance: yes

QA statement: yes
Drug, lot #: Degradant A 

Degradant B 

 

Methods

Doses: 0 (vehicle), 3 mg/animal
Frequency of dosing: 1 instillation/nostril  

Route of administration: Intranasal instillation
Dose volume: 20 μL/nostril, 40 μL total

Formulation/Vehicle: USL261 formulation/MPEG , PEG-400, 
propylene glycol, ethanol, and water

Species/Strain: S-D rat
Number/Sex/Group: 8 males/group

Age: 6-8 weeks
Weight: NA

Satellite groups: 3/grp TK 
Deviation from study protocol: None that impacted study quality or integrity

Midazolam Nasal Spray Formulation (MDZ NS), at a concentration of 75 mg/mL, was 
administered alone and/or in combination with high (10%) and low (2%) concentrations 
of degradants A and B as a single IN dose (40 μL; equivalent to 20 μL/nostril) to 5 groups 
of male Sprague-Dawley rats (8/group + 3/grp TK; see Table below).
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MDZ NS dose selection (IN dose volume for 75 mg/mL concentration) was based on the 
results of a preliminary study (  Study No.: 14-753) that showed the maximum 
non-lethal dose of midazolam to be 3.75 mg/animal (or 50 μL/animal; 25 μL/nostril), while 
the lower dose providing clear clinical signs was determined to be 3.00 mg/animal (or 40 
μL/animal; 20 μL/nostril), which was used in the current study. The current study utilized 
the midazolam formulation alone, 10% degradant A in the midazolam formulation, 10% 
degradant B in the midazolam formulation, and 2% A plus 2% B combined in the 
midazolam formulation. 

Results 
No mortality or notable changes in food consumption, body weight or body weight gain 
were observed during the study. Treatment-related clinical signs seen in similar incidence 
and severity across midazolam-treated groups (Groups 2-5) included ataxia, 
hyperactivity, hypoactivity, salivation, excessive eating/drinking, self-mutilation of the 
forelimb, discoloration around the mouth, irregular breathing and loose stool.  Bone 
marrow smears showed no SS increases in micronucleus formation compared to the 
vehicle control in any of the midazolam-treated groups.

Quantifiable levels of midazolam, 1-hydroxymidazolam, and midazolam degradant A 
were measured in all midazolam-treated groups (Groups 2-5). Quantifiable levels of 
midazolam degradant B were measured in all animals in Groups 4 & 5. In general, mean 
levels of midazolam, 1-hydroxymidazolam, midazolam degradant A, and midazolam 
degradant B were highest at 0.5 or 1 hr post-dose. 

Based on the results of this study, midazolam degradants A and/or B produced transient 
clinical signs that were comparable to the midazolam-treated group and were determined 
to be negative in the in vivo micronucleus test.
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7 Integrated Summary and Safety Evaluation

The sponsor conducted 5 nonclinical intranasal (IN) toxicity studies. The first 3 general 
toxicity studies (14-day studies in rat and dog and a 13-week dog study) used an early 
formulation of MDZ NS (ITI), while the clinical formulation (USL261) was used in 6-month 
adult rat and juvenile rat toxicity studies. The differences between the MDZ NS-ITI and 
USL261 formulations involve only small changes in the excipient percentages (Table 1 
below). 

In the 14-day rat toxicity study, MDZ NS was administered daily by IN instillation (BID, 
2-4 nasal instillations of 20 μL/instillation) at doses of 0 (sham-dosed), 0 (vehicle), 0 
(vehicle w/o MPEG ), 1, 3, or 6 mg/day. Doses were based on the maximum solubility 
of MDZ in the nasal spray vehicle (approximately 75 mg/mL) and the practical limits of IN 
administration to rats, which resulted in an MFD of 6 mg/day. No effects on body weight 
(BW), clinical chemistry, ophthalmology, or macroscopic or microscopic anatomic 
pathology were observed. There was no evidence of local irritation in the nostrils or of 
adverse microscopic findings in the nasal cavities. The NOAEL for local and systemic 
toxicity was the highest dose tested (6 mg/day or approximately 16.7 mg/kg/day in males 
and approximately 24.5 mg/kg/day in females) corresponding to AUC0-6h values of 330 
ng.h/mL in males and 832 ng.h/mL in females (after first dose on last day of BID dosing).

MDZ NS was administered to beagle dogs intranasally via single-dose spray pumps once 
daily for 14 consecutive days at doses of (0 (vehicle), 10, 15, or 30 mg/day. The HD was 
considered the MFD for dogs with QD IN dosing of the highest feasible concentration of 
75 mg/mL. Transient clinical signs of CNS toxicity (e.g., impaired equilibrium) were 
observed in HD females, but there were no BW, clinical pathology, ophthalmoscopic, or 
local or systemic macroscopic or microscopic findings considered drug-related. Lung and 
nasal cavity inflammatory cell infiltrates seen in all groups with similar incidence and 
severity were thought to represent a background inflammatory reaction, but a role of 
vehicle could not be excluded because there was no saline control group for comparison. 
The NOAEL was 30 mg/day (75 mg/mL when administered at volumes up to 400 μL) 
corresponding to AUC values of 1172 hr•ng/mL in males and 724 hr•ng/mL in females.

In the chronic rat toxicity study, IN instillation (10, 20 or 40 μl/administration, BID) of MDZ 
NS (0 (saline), 0 (vehicle), 1, 3, or 6 mg/day) for 6 months produced transient clinical 
signs of pharmacological activity (hypoactivity, head weaving, excessive eating), but no 
BW, clinical pathology, or ophthalmoscopic effects. Liver weights were increased 
somewhat at all doses, but there were no macroscopic or microscopic changes 
considered drug-related. There was some microscopic evidence of nasal irritation 
(accumulations of red blood cells and serous fluid/fibrin within the nasal cavities), but 
since these were seen with a similar incidence and severity in the vehicle control and HD 
groups (only groups examined) they were considered a background finding in the study 
report. Based on the lack of drug-related effects in these groups, evaluation of additional 
groups (saline control, lower dose groups) was not considered warranted. Therefore, the 
possible contribution of vehicle to the nasal findings cannot be determined. The HD (Day 
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182 AUC values of 126 and 270 hr·ng/mL in males and females) was considered the 
NOAEL.

In the 13-week IN dog toxicity study, BID administration (0.1 mL/spray) of MDZ NS (0 
(sham), 0 (vehicle), 20, 30, or 60 mg/day; ITI formulation) to beagle dogs resulted in 
transient clinical signs (impaired equilibrium, hyperactivity, excessive salivation), 
alterations in urinalysis parameters (higher total urine electrolytes), and increased liver 
weights. There were no BW, ophthalmoscopic, EEG, hematology, clinical chemistry, or 
gross or microscopic anatomic pathology changes attributed to dosing (no clinical or 
microscopic evidence of local tissue irritation in the nasal cavities). The HD was 
considered the NOAEL (corresponding to approximate nominal doses of 4.9 and 6.5 
mg/kg/day for males and females, respectively), which was associated with MDZ AUCs 
of 1690 and 914 ng•h/mL for males and 1465 and 803 ng•h/mL for females, on study 
days 0 and 88, respectively.

In the juvenile rat toxicity study, IN instillation of MDZ NS (0 (vehicle), 25, 50, or 75 mg/mL) 
to rats from PNDs 7 to 70 at doses of up 28 mg/kg/day did not result in drug-related 
mortality or clinical signs. Decreased BWs were seen during the pre-weaning period at 
the HD and vaginal opening was delayed in MD and HD females. There were no apparent 
drug-related differences in sensory function, reflex responses, motor activity, or learning 
and memory (simplified Morris-type water maze). Startle amplitude was increased in HD 
males (NS) and females (SS) at the end of treatment, but no clear group differences were 
seen after the recovery period. Clinical pathology, organ weights, and gross and 
microscopic pathology were unaffected by treatment. Mating performance and fertility 
were similar across groups. TK data indicated marked variability in drug exposures over 
the course of the study. This was thought to be due to the volume limitations in the young 
animals, which resulted in the dose on a mg/kg basis varying throughout the study. MPEG 
plasma levels of up to 17 μg/mL were measured. The NOAEL for juvenile animal toxicity 
in this study was 75 mg/mL, equivalent to 19-28 mg/kg/day.

MDZ NS contains the novel excipient methoxypolyeothylene glycol , 
which is used in some approved topical products and at least one IV drug product (  

), but no intranasal product. In addition to the general toxicity studies conducted 
with the clinical formulation, a genotoxicity battery was conducted with the excipient. 
MPEG  was negative for genotoxicity in the Ames and human lymphocyte assays in 
vitro and rat micronucleus assay in vivo.

MPEG  is present in the clinical formulation at levels up to % (  mg/100 uL; 
Table 2).  According to the MDZ NS proposed labeling, recommended dosing would be 
a single 5 mg initial dose administered into one nostril followed by an additional 5 mg 
dose administered in the opposite nostril after 10 minutes if the patient has not responded 
to the initial dose. Total exposure of a patient to MPEG  in the MDZ NS formulation 
after administration of both doses (100 µL X 2) would be  mg or  mg/kg. Local 
exposure would be  mg/cm2 based on the total nasal surface area (160 cm2) for an 
adult human (Gizurarson, Acta pharmaceutica Nordica 2(2):105-22,1990). For species 
comparison, exposure to MPEG  in the MDZ NS formulation in the 6-month intranasal 
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rat study following instillation of 80 μL (  mg) at the HD (NOAEL) was  mg/kg 
(mean body weight of 0.3 kg). Local intranasal exposure was calculated to be  mg/cm2 
based on the total nasal surface area (14 cm2) in rats. In the 13-week dog study, exposure 
to MPEG  at the HD (  µL/day) was  mg,  mg/kg (9 kg BW), or  mg/cm2 
(nasal surface area of 221 cm2). Thus, on a nasal surface area basis, the daily MPEG-

 doses were approximately 5X and 3X higher than that in adult humans in the rat and 
dog, respectively (Table 3). On a body surface area basis, daily MPEG  doses were 
13 and 14X human in rat and dog, respectively. With daily dosing over the course of the 
6-month and 13-week studies, total doses were greater in both species compared to the 
proposed clinical maximum recommended intermittent dosing regimen (2 doses/day [1 
per nostril] no more than once every 3 days). Margins were variable in juvenile rats due 
to the technical limitations of the study, ranging from 0.3 to 4X on a nasal surface area 
basis. The sponsor is not seeking a juvenile indication at this time.

Two degradants of MDZ NS (designated A and B) were identified in stability studies at 
levels that reach or exceed the ICH qualification threshold of 50 μg or 0.5% for a drug 
product having a maximum daily dose of 10 mg (Table 4). The highest levels seen under 
long term storage conditions have been % for Degradant A and % for Degradant B 
at  months (proposed expiration date). Levels were well below the ICH threshold at 18 
months. The sponsor undertook studies to qualify the impurities at the % level (each) 
in the formulation. Degradants A and B were evaluated in a single IN dose rat study that 
included a micronucleus assay as well as in in vitro genotoxicity assays (Ames and human 
lymphocyte). The results of the studies indicated no safety concerns. However, for a 
chronic intermittent indication, a repeated-dose toxicity study would generally be needed 
to qualify an impurity (ICH Q3B(R2)). Because levels of the degradants were relatively 
low in the toxicity batches (< %), these studies were inadequate to qualify the impurities 
at the proposed specification. This means that in order for the application to be approvable 
as it stands, the specifications for these impurities would need to be lowered to the 
qualification threshold. According to the FDA chemistry reviewer (Stephanie Emory) this 
would require shortening the expiry to 18 months.
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Table 1. MDZ NS formulation development

Table 2. Composition of MDZ NS drug constituent delivered per dose (0.1 mL)
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Table 3. Safety Margins for IN MPEG : Animal NOAELs Compared with Human 
Doses

Table 4. MDZ NS degradation products
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