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1 Executive Summary 

The sponsor is seeking the approval of Midazolam Multi-Use Vials for the treatment of status 

epilepticus in patients ≥18 years of age under 505(b)(2) using the information of Reference 

Listed Drug (Versed Injection, NDA018654), which has been discontinued; and Reference 

Standard, Midazolam Injection, United States Pharmacopeia (USP) vials (ANDA075293). The 

proposed to-be-marketed product, manufactured by Hospira, is identical to the ANDA075293 

product (Midazolam Injection, 50 mg/10 mL), which is qualitatively and quantitatively (Q1/Q2) 

the same as Versed Injection. 

The proposed indication for the Midazolam Multi-Use Vials for IM manual injection is 

supported by efficacy, safety (RAMPART) and clinical PK studies conducted using the 

Midazolam IM Auto-Injectors (Investigational Products).  

The approach to bridge Midazolam IM Auto-injector and IM manual injection is primarily based 

on the CMC conclusion, plus a cross-study PK comparison as supportive evidence. The auto-

injector formulation used in RMRPART has slight differences as compared to the formulation of 

midazolam IM manual injection, including benzyl alcohol content (10 mg/mL versus 10.45 

mg/mL) and target solution pH (3.0 versus 3.3). Per CMC review, such slight differences 

between these two formulations are not expected to alter the PK of midazolam significantly. The 

sponsor requests a waiver for an in vivo bioavailability study for Midazolam Multi-Use Vials for 

IM manual injection versus the Midazolam IM Auto-Injectors (Investigational Products) based 

on the criterion described in 21 CFR 320.22(b)(1)(i). Per the final written responses dated 

08/27/2014 (COR-MEET-09 (Final written response)), the agency agreed with the sponsor 

proposed approach using a cross-study statistical comparison to support the waiver request of the 

CFR’s requirement for the submission of in vivo bioavailability/ bioequivalence data.  

The primary focus of this review is the evaluation of bridging information between Midazolam 

Multi-Use Vials for IM manual injection and the Midazolam IM Auto-Injectors to support the 

Biowaiver Request, bridging information between the proposed to-be-marketed product and 

reference products (ANDA075293 and Versed), and drug-drug interactions between Midazolam 
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and nerve agent antidotes (atropine, 2-PAM, pyridostigmine). 

1.1 Recommendation 

The Division of Clinical Pharmacology 1 has reviewed the submitted application and has found 

that: a) the Seizalam formulation has been adequately linked to the Reference Listed Drug 

(Versed Injection, NDA018654 which has been discontinued) and Reference Standard, 

Midazolam Injection, United States Pharmacopeia (USP) vials (ANDA075293), and; b) the PK 

bridging information and DDI study results are acceptable from a clinical pharmacology 

standpoint provided that a mutual agreement can be reached on the labeling language. 

1.2 Post-marketing Requirements 

None 

1.3 Summary of Clinical Pharmacology  

Midazolam exhibits dose proportionality after an IM injection using an auto injector at dosages 

ranging from 0.10-0.49 mg/kg (or fixed total amount of 5-30 mg). 

A cross-study PK comparison of midazolam was conducted to support the waiver for an in vivo 

bioavailability study for Midazolam Multi-Use Vials for IM manual injection versus the 

Midazolam IM Auto-Injectors. This cross-study comparison of exposures following intramuscular 

Midazolam delivered by auto-injector or manual injection (Study R02-012) showed that the dose-

normalized midazolam exposures (Cmax and AUC) were comparable between the Midazolam IM 

Auto-Injector and the Midazolam IM manual injection. Additionally, the statistical analysis 

demonstrated similar midazolam bioavailability for midazolam when administered via the 

Midazolam IM Auto-Injector or the Midazolam IM manual injection. Please note that, there are 

slight differences in benzyl alcohol content and solution pH between the formulations of 

Midazolam IM Auto-Injector and Midazolam for Manual Intramuscular Injection, which are not 

expected to alter the PK of midazolam significantly.  

Three drug-drug interaction studies (K643-08-1002, K643-08-1003, K643-08-1003) indicated that 

the midazolam PK was not altered by combination treatment with atropine, atropine + 

Pralidoxime chloride (2-PAM), and atropine + 2-PAM + pyridostigmine. 

2 Question-Based Review  

This is an abbreviated version of the Question-Based Review.  

In this submission, the efficacy and safety of Seizalam were demonstrated in RAMPAT. Results 

from this study showed that seizures were absent without rescue therapy at emergency department 

arrival for 329 (73.4%) subjects who were randomized to receive IM midazolam and 282 (63.4%) 

subjects who were randomized to receive IV lorazepam.  Statistical analysis of this primary 

outcome measure demonstrated that IM midazolam is at least as effective as IV lorazepam 

(p<0.0001 for non-inferiority) at terminating convulsive seizures. In the overall evaluation of 

safety in this study, IM midazolam was as safe as IV lorazepam when administered to subjects 

with status epilepticus.   

2.1 General Attributes of The Drug Product 

2.1.1 What are the proposed mechanism(s) of action and therapeutic indication(s)? 

Midazolam is a short-acting benzodiazepine. Gamma-aminobutyric acid (GABA) is the 
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principal inhibitory neurotransmitter in the cerebral cortex, which maintains the inhibitory tone 

that counterbalances neuronal excitation. When this balance is perturbed, seizures may ensue. 

Benzodiazepines work by enhancing GABA-mediated inhibition. The sponsor is seeking 

approval of the Seizalam (midazolam injection) Multi-Use Vial for the treatment of status 

epilepticus in adults. 

2.1.2 What are the proposed dosage(s) and route(s) of administration? 

The Seizalam (midazolam injection) Multi-Use Vial should be administered by an individual 

who has had adequate training in the recognition and treatment of status epilepticus. Adult 

patients ≥18 years of age should receive 10 mg midazolam administered intramuscularly [2 mL 

of undiluted Seizalam (midazolam injection) Multi-Use Vial, which contains 5 mg/mL 

midazolam]. Seizalam (midazolam injection) Multi-Use Vial should be injected intramuscularly 

in the mid outer thigh (vastus lateralis muscle). 

2.2 General Clinical Pharmacology 

2.2.1 Based on the pharmacokinetic parameters, what is the degree of linearity of Seizalam? 

Results from a phase 1 dose linearity study (study 11903) indicated that the pharmacokinetics of 

midazolam was dose-proportional after an IM injection using an auto injector over the dose 

range of 0.10-0.49 mg/kg (or fixed total amount of 5-30 mg). 

2.2.2 Is the pharmacokinetics of midazolam altered by combination treatment with atropine, 

pralidoxime chloride (2-PAM), and pyridostigmine? 

Three studies (K643-08-1002, K643-08-1003, K643-08-1003) were conducted to evaluate the 

potential for drug-drug interactions between midazolam, atropine, 2-PAM, and pyridostigmine. 

The comparison of midazolam PK following administration of either midazolam alone, 

midazolam combined with atropine, midazolam combined with atropine + 2-PAM, or midazolam 

combined with atropine + 2-PAM + pyridostigmine, indicated that the midazolam PK was not 

altered by combination treatment with these agents. 

2.3 General Biopharmaceutics 

2.3.1 What is the bridging strategy between the product used in the pivotal trial (Investigational 

Product) and the to-be-marketed product?  

Per CMC review, the to-be-marketed product, manufactured by Hospira, is identical to the 

previously approved Midazolam Injection, 50 mg/10 mL under ANDA075293, which is 

qualitatively and quantitatively (Q1/Q2) the same as Versed® (RLD). 

For the bridging between the to-be-marketed product (midazolam IM injection) and the 

investigational product (midazolam auto-injector used in the RAMPART), it primarily relies on 

CMC’s conclusion that slight differences between the midazolam auto-injector formulation used 

in the clinical study for the status epilepticus indication and the to-be-marketed product, 

including benzyl alcohol content (10 mg/mL versus 10.45 mg/mL) and target solution pH (3.0 

versus 3.3), are not expected to alter the PK of midazolam significantly. 

In addition, the sponsor conducted cross-study PK comparison as supportive evidence (see 

Section 2.3.2) to bridge the investigational and to-be-marketed products.  
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2.3.2  Whether is the PK comparable between Midazolam IM auto-injector (Investigational 

Product) and Midazolam IM manual injection vials? 

Across-study comparison was performed to compare midazolam exposures between studies 

using the Midazolam IM Auto-Injectors (Investigational Products) and studies obtained from the 

public domain (Midazolam Injection, USP and 4 publications) using the Midazolam IM manual 

injection. PK comparison results are summarized in Table 1. 

Table 1. Across-Study PK Comparison of IM Midazolam Using Auto-Injectors and Manual 

Injections 
 

Reference 
Administered Dose 

(Number of Subjects) 

Dose-Normalized 

Cmax 

(ng/mL/mg) 

Dose-Normalized 

AUC0-∞ 

(ng·h/mL/mg) 

Median Tmax 

(h) 

Midazolam IM Auto-Injector 

Study 11903 

20 (5) 

10 (3) 

5 (4) 

10.99 

11.39 

12.34 

41.8 

40.3 

42.9 

0.50 

0.50 

0.60 

Midazolam IM Manual Injection 

Midazolam 

Injection, USP 
7.5 mg (17) 12.0 N/A 0.50 

Bell, 1991 7 mg (8) 13.6 N/A 0.25 

Holazo, 1988 7.5 mg (15) 16.9 42.7 0.615 

Crevoisier, 1981 12.5 mg (6) 16.15 N/A 0.38 

Wermeling, 2006 5 mg (12) 11.8 35.0 0.50 

Dose-normalized midazolam Cmax and AUC0-∞ values obtained from Study 11903 using the 

Midazolam auto-injector are comparable to the results from both the Midazolam Injection, USP 

label and the available published studies using the Midazolam IM manual injection. 

The individual subject PK data for the Midazolam IM manual injection is available from the 

Crevoisier Study. Further statistical analyses were conducted to assess the relative bioavailability 

of the Midazolam IM Auto-Injector versus the Midazolam IM manual injection. 

As shown in Table 2, the statistical analysis of midazolam PK parameters from a linear mixed-

effects model for subjects with similar demographics receiving the Midazolam IM manual 

injection versus subjects with similar demographics receiving the Midazolam IM Auto-Injector 

showed that the ratios of geometric LS mean (90% CIs) for Cmax and AUC0-∞ were 94.51% 

(72.2 to 123.7) and 110.70% (84.6 to 144.9), respectively, indicating similar bioavailability of 

the Midazolam IM Auto-Injector (Investigational Product) compared to the Midazolam IM 

manual injection. 
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Table 2. Statistical Analysis of Midazolam PK Parameters for the Midazolam IM Manual 

Injection (Crevoisier, 1981) Versus the Midazolam IM Auto-Injectors (Investigational Products) 

(Studies 11903 and K643-08-1001)- PK Population- Subjects With Similar Demographics 

 

Details of this individual study review is in Section 4.1. 

3 Detailed Labeling Recommendations 

Reviewer’s recommended addition is shown with an underline and deletion is shown with 

strikethrough line. 

7  DRUG INTERACTIONS 

7.3  Cytochrome P450-3A4 Inhibitors 

Caution is advised when midazolam is administered concomitantly with drugs that are known to 

inhibit the P450-3A4 enzyme system such as cimetidine, erythromycin, diltiazem, verapamil, 

ketoconazole, and itraconazole. These drug interactions may result in prolonged sedation due to 

a decrease in plasma clearance of midazolam [see Clinical Pharmacology (12.3)]. 

8  USE IN SPECIFIC POPULATIONS 

8.5  Geriatric Use 
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Geriatric patients may have altered drug distribution, diminished hepatic and/or renal function; 

may have longer elimination half lives for midazolam and its metabolites and subjects over 70 

years of age may be particularly sensitive. Close monitoring of geriatric patients is 

recommended.  

 

 

12 CLINICAL PHARMACOLOGY 

12.3  Pharmacokinetics 

The pharmacokinetics of midazolam were evaluated in a single dose escalation trial in healthy 

subjects; following IM injection of midazolam  at doses ranging from 

fixed total amounts of 5 mg to 30 mg (or body weight based dose of 0.10 mg/kg to 0.49 mg/kg), 

the overall median time to maximum plasma concentration (Tmax) was observed at 

approximately 0.5 hours after administration. The rate and extent of systemic exposure, as 

assessed by maximum plasma concentration (Cmax) and area under the plasma drug 

concentration-time curve from time 0 to infinity (AUC0-∞), tended to increase proportionally 

with increasing dose from 5 mg to 30 mg. 

Absorption 

Following IM administration of a single 10 mg midazolam dose  to healthy 

subjects, midazolam was  absorbed with median Tmax (range) of 0.5 (0.25 to 0.5) hours; 

midazolam mean (±SD) Cmax and AUC0-∞ were 113.9 (±30.9) ng/mL and 402.7 (±97.0) 

ng∙hr/mL, respectively.  

  

Distribution 
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The mean (±SD) apparent volume of distribution (Vz/F) of midazolam following a single IM 

dose of 10 mg midazolam was 2117 (±845.1) mL/kg in healthy subjects.  

In humans, midazolam has been shown to cross the placenta and enter into fetal circulation and 

has been detected in human milk and CSF [see Use in Specific Populations (8.1, 8.2)]. 

In adults, midazolam is approximately 97% bound to plasma protein, principally albumin, and 

that for 1 hydroxy metabolite is about 89%. 

Elimination 

 

  Elimination 

of the parent drug takes place via hepatic metabolism of midazolam to hydroxylated metabolites 

that are conjugated and excreted in the urine.  

Metabolism 

In vitro studies with human liver microsomes indicate that the biotransformation of midazolam 

is mediated by the cytochrome P450-3A4 (CYP3A4). This enzyme is present in 

gastrointestinal tract mucosa, as well as the liver. The 1-hydroxy-midazolam (also termed alpha 

hydroxymidazolam) metabolite comprises sixty to seventy percent of the biotransformation 

products of midazolam, while 4-hydroxy-midazolam constitutes 5% or less. Small amounts of a 

dihydroxy derivative have also been detected, but not quantified. The principal urinary 

excretion products are glucuronide conjugates of the hydroxylated derivatives. 

Studies of the intravenous administration of 1-hydroxy-midazolam in humans suggest that 1-

hydroxy-midazolam is at least as potent as the parent compound, and may contribute to the net 

pharmacologic activity of midazolam. In vitro studies have demonstrated that the affinities of 1- 

and 4-hydroxy-midazolam for the benzodiazepine receptor are approximately 20% and 7%, 

respectively, relative to midazolam. 

Excretion 

 following IM administration of 10 mg midazolam, mean (±SD) 

elimination half life and apparent total body clearance (CL/F) of midazolam were 4.2 (±1.87) 

hours and 367.3 (±73.5) mL/hr/kg, respectively. 

The principal urinary excretion product is 1-hydroxy-midazolam in the form of a glucuronide 

conjugate; smaller amounts of the glucuronide conjugates of 4-hydroxy- and dihydroxy-

midazolam are detected as well. The amount of midazolam excreted unchanged in the urine 

after a single IV dose is less than 0.5% (n=5). Following a single IV infusion in 5 healthy 

volunteers, 45% to 57% of the dose was excreted in the urine as the 1 hydroxymethyl 

midazolam conjugate. 

Specific Populations 
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Changes in the pharmacokinetic profile of midazolam due to drug interactions, physiological 

variables, etc., may result in changes in the plasma concentration time profile and 

pharmacological response to midazolam in these patients. For example, patients with acute renal 

failure (ARF) appear to have a longer elimination half life for midazolam and may experience 

delayed recovery [see Use in Specific Populations (8.6)]. In other groups, the relationship 

between prolonged half life and duration of effect has not been established. 

Obesity 

In a study comparing normal (n=20) and obese patients (n=20), the mean half life was greater in 

the obese group (5.9 versus 2.3 hours). This was due to an increase of approximately 50% in the 

volume of distribution (Vd) corrected for total body weight. The clearance was not significantly 

different between groups. 

Age: Geriatric Population 

In three parallel-group studies, the pharmacokinetics of midazolam administered IV or IM were 

compared in young (mean age 29 years, n=52) and healthy elderly subjects (mean age 73 years, 

n=53). Plasma half life was approximately 2 fold higher in the elderly. The mean Vd based on 

total body weight increased consistently between 15% and 100% in the elderly. The mean CL 

(total clearance) decreased approximately 25% in the elderly in two studies and was similar to 

that of the younger patients in the other [see Use in Specific Populations (8.5)]. 

No meaningful differences in midazolam exposures (Cmax and AUC) were observed 

between male and female adults after IM administration. 

Congestive Heart Failure 

In patients suffering from congestive heart failure,  a 2 fold increase in the 

elimination half life, a 25% decrease in the plasma clearance, and a 40% increase in the volume 

of distribution of midazolam [see Warnings and Precautions (5.5)]. 

Hepatic Impairment 

Midazolam pharmacokinetics were studied after a single IV dose (0.075 mg/kg) was 

administered to 7 patients with biopsy proven alcoholic cirrhosis and 8 control patients. The 

mean half life of midazolam increased 2.5 fold in the alcoholic patients. Clearance was reduced 

by 50% and Vd increased by 20%. In another study in 21 male patients with cirrhosis, without 

ascites and with normal kidney function as determined by creatinine clearance, no changes in 

the pharmacokinetics of midazolam or 1-hydroxy-midazolam were observed when compared to 

healthy individuals. The clinical significance of these findings is unknown.  

Renal Impairment 

Patients with renal impairment may have longer elimination half lives for midazolam and its 

metabolites.  

Midazolam and 1-hydroxy-midazolam pharmacokinetics were compared between 6 intensive 

care unit (ICU) patients who developed ARF and a control group of subjects with normal renal 

function. Midazolam was administered as an IV infusion (5 to 15 mg/hour). Midazolam 

clearance was reduced (1.9 versus 2.8 mL/min/kg), and the half life was prolonged (7.6 hours 

versus 13 hours) in the ARF patients. The renal clearance of the 1-hydroxy-midazolam 

glucuronide was prolonged in the ARF group (4 versus 136 mL/min), and the half life was 
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prolonged (12 hours versus >25 hours). Plasma levels accumulated in all ARF patients to about 

ten times that of the parent drug. The relationship between accumulating metabolite levels and 

prolonged sedation is unclear. 

In a study of chronic renal failure patients (n=15) receiving a single IV dose of midazolam, 

there was a 2 fold increase in the clearance and volume of distribution, but the half life 

remained unchanged. Metabolite levels were not studied. 

Drug Interaction Studies 

CYP3A4 Inhibitors 

Drugs that inhibit the activity of CYP3A4 may inhibit midazolam clearance and elevate 

midazolam concentrations [see Drug Interactions (7.3)].  

The effect of single oral doses of 800 mg cimetidine and 300 mg ranitidine on steady state 

concentrations of oral midazolam was examined in a randomized crossover study (n=8). 

Cimetidine increased the mean midazolam steady state concentration from 57 to 71 ng/mL. 

Ranitidine increased the mean steady state concentration to 62 ng/mL. No change in choice 

reaction time or sedation index was detected after dosing with the H2 receptor antagonists. 

In a placebo controlled study, erythromycin administered as a 500 mg dose, three times a day, 

for 1 week (n=6), reduced the clearance of midazolam following a single 0.5 mg/kg IV dose. 

The half life was approximately doubled [see Drug Interactions (7.3)]. 

The effects of diltiazem (60 mg three times a day) and verapamil (80 mg three times a day) on 

the pharmacokinetics and pharmacodynamics of midazolam were investigated in a three-way 

crossover study (n=9). The half life of midazolam increased from 5 to 7 hours when midazolam 

was taken in conjunction with verapamil or diltiazem. No interaction was observed in healthy 

subjects between midazolam and nifedipine. [see Drug Interactions (7.3)]. 

In a placebo controlled study, where saquinavir or placebo was administered orally as a 1200 

mg dose, three times a day, for 5 days (n=12), a 56% reduction in the clearance of midazolam 
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following a single 0.05 mg/kg IV dose was observed. The half life was approximately doubled. 

 

CYP3A4 Inducers 

Drugs that induce the activity of CYP3A4 may increase midazolam clearance and decrease 

midazolam concentrations. 

4 Appendices 

4.1 Across-Study PK Comparison of Midazolam (R02-012) 

Title: An Across-Study Comparison of Exposures Following Intramuscular Midazolam 

Delivered by Auto-Injector or Manual Injection. 

Objectives: 

The purpose of this Across-Study Comparison of Exposures is to compare midazolam exposures 

between studies using the Midazolam IM Auto-Injectors (Investigational Products) and studies 

obtained from the public domain using the Midazolam IM manual injection, and to assess 

relative bioavailability of IM midazolam following administration using an auto-injector versus a 

manual injection. 

Summary of PK Studies Using Midazolam IM Auto-Injector:  

The clinical pharmacology program for the Midazolam IM Auto-Injector (Investigational 

Product) consisted of 5 Phase 1 PK studies. Among the 5 PK studies, the 2 studies that evaluated 

midazolam alone (Studies 11903 and K643-08-1001) were selected for an across-study relative 

bioavailability analysis. These 2 studies were chosen because midazolam was the only drug 

administered to the subjects during the study. 

Summary of PK Studies Reported in the Literature Using Midazolam IM Manual 

Injection: 

4 literature-based PK studies evaluating administration of the Midazolam IM manual injections 

(generic parenteral products) were identified after searching the public domain. Among these 4 

studies from the literature, Holazo and Wermeling provided both Cmax and AUC values that 

facilitated an across-study comparison of dose-normalized PK parameters with studies using the 

Midazolam IM Auto-Injector (Investigational Product); the Crevoisier study provided Cmax and 

individual plasma concentration data. The other study by Bell reported incomplete PK 
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information: PK samples were collected for only up to 7 hours post-dose for a drug with t1/2 of 

approximately 5 hours; it is unknown if the reported AUC was AUC from time 0 to 7 hours post-

dose, or AUC0-∞; therefore, only Cmax values were utilized for dose-normalized comparison 

with Bell. 

In addition, among these 4 literature-based studies, only the Crevoisier study provided sufficient 

individual PK data and detail about the individual subjects to allow for a comparison using 

statistical analysis. 

Bell (1991): A Comparative PK Study of Intravenous and IM Midazolam in Patients With 

Epilepsy 

A single-dose, crossover design study to determine the PK of midazolam after intravenous (IV) 

injection and IM manual injection in 12 adult patients (19-51 years old) with severe refractory 

epilepsy. 2 patients received 10 mg IM midazolam, 8 patients received 7 mg IM midazolam, and 

2 patients received 5 mg IM midazolam. Blood samples were drawn prior to and at 5, 10, 15, 20, 

30, and 45 minutes and at 1, 2.5, 3, 4, 5, 6, and 7 hours after the IM midazolam injection. 

Midazolam concentrations were determined by high performance liquid chromatography by 

ultraviolet detection. 

Holazo (1988): Effects of Age, Gender, and Oral Contraceptives on IM Midazolam PK 

A single-dose study to evaluate the effects of age, gender, and low-dose oral contraceptive 

steroids on the PK profile of midazolam following the IM manual injection. The study enrolled 

40 healthy volunteers in the following categories: 8 young (20 to 33 years of age) men, 8 elderly 

(61 to 81 years of age) men, 8 young (23 to 34 years of age) women (one subject in the young 

women category was not included for PK analysis), 8 elderly (60 to 75 years of age) women, and 

8 young (24 to 31 years of age) women who had been taking low-dose estrogen oral 

contraceptives for at least 1 month. Each volunteer received the Midazolam IM manual injection 

of 7.5 mg midazolam. Blood samples were drawn for determination of plasma midazolam 

concentrations pre-dose and at 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2, 3, 4, 5, 6, 7, 8, 10, 12, 16, and 24 

hours post-dose. Midazolam concentrations were determined by electron capture detector gas 

chromatography (ECD-GC). 

Crevoisier (1981): Relationship Between Clinical Effect and PK of Midazolam After IV and 

IM Administration 

A single-dose study to evaluate the relationship between the clinical effect and the PK of 

midazolam following IM and IV administration. Six subjects (22 to 27 years of age) participated 

in a crossover study and received 12.5 mg midazolam (Dormicum®) administered IV and IM, 

with each dose separated by 1 week. Blood samples were collected at 5, 15, 30, and 45 minutes 

and at 1, 1.5, 2, 4, 6, 8, 10, and 12 hours after the midazolam injection. Plasma midazolam 

concentrations were determined by ECD-GC, and individual plasma concentrations of 

midazolam were reported in all 6 subjects. 

Note: The composition of Dormicum® is not clear and might not be exactly the same as the 

proposed drug product. 

Wermeling (2006): PK and Pharmacodynamics of a New Intranasal Midazolam Formulation 

in Healthy Volunteers 
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An open-label, randomized, 3-way crossover study in 12 healthy subjects (20 to 29 years of age) 

that was designed to evaluate the PK and pharmacodynamics of 5 mg intranasal, IM, and IV 

midazolam given as single doses. Versed Injection was used for IV and IM doses. Blood samples 

were collected at 0 (pre-dose), 5, 10, 20, 30, and 45 minutes, and 1, 1.5, 2, 3, 4, 8, and 12 hours 

after midazolam administration. Plasma midazolam concentrations were determined by LC-

MS/MS. 

A tabulated summary of PK parameters from the literature studies is summarized in Table 1. 

Table1. Summary of PK results from the literature using midazolam IM manual injection 

 

Pharmacokinetics From the Midazolam Injection, USP Label (ANDA075293) and the 

Versed Injection Summary Basis of Approval (SBA): 

The Versed Injection SBA describes a 4-way crossover study where 18 healthy volunteers 

received 7.5 mg IV midazolam hydrochloride, 7.5 mg IM midazolam hydrochloride, 15 mg oral 

solution midazolam, and 15 mg oral tablet midazolam with a 1-week washout period between 

each dose. The SBA states that the AUCs for IV and IM midazolam were not significantly 

different. However, the Cmax and AUC values were not reported in the Versed Injection SBA 

for the IM route of administration. 

The PK data for IM administration of midazolam reported in the Midazolam Injection, USP label 

(ANDA075293) are from a crossover study where 17 healthy volunteers received 7.5 mg 

Midazolam IM manual injection. The mean Cmax following the IM dose was 90 ng/mL (20% 

CV), with a mean Tmax of 0.5 hours (50% CV). However, the AUC values were not reported in 

the Midazolam Injection, USP label. 

Across-study comparison: 

Dose Normalization 
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In order to make a comparison of the PK data (Cmax and AUC) from studies in which 

midazolam was administered by IM manual injection to those using the Midazolam IM Auto-

Injector (Investigational Product), Cmax and AUC were dose-normalized. This across-study 

comparison of dose-normalized PK parameters is summarized in Table 2. 

Table 2. Across-Study Comparison of PK Studies and Dose-Normalized PK Parameters of IM 

Midazolam Using Auto-Injectors and Manual Injections 

 

 

 

Dose-normalized midazolam Cmax values obtained from the 5 PK studies using the 

Midazolam IM Auto-Injector (Investigational Product) (11.0 ng/mL/mg to 14.0 ng/mL/mg) were 

comparable to the results from both the Midazolam Injection, USP label (12.0 ng/mL/mg) and 

the available published studies using the Midazolam IM manual injection (11.8 ng/mL/mg to 

16.9 ng/mL/mg). The Tmax values following the Midazolam IM Auto-Injector (Investigational 

Product) (0.5 hours to 0.7 hours) were approximately similar to those for the Midazolam 

Injection, USP label and the 4 available published studies (0.25 hours to 0.62 hours).  
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The dose-normalized AUC0-∞ values from Study 11903 using the Midazolam auto-injector 

(Investigational Product) (40.3 ng·h/mL/mg to 42.9 ng·h/mL/mg) were similar to those observed 

in the published studies conducted by Wermeling and Holazo using the Midazolam IM manual 

injection (35.0 ng·h/mL/mg and 42.7 ng·h/mL/mg); and lower than those values form studies 

K643-08-1001, K643-08-1002, K643-08-1003, and K643-08-1004 (54.0 ng·h/mL/mg to 67.7 

ng·h/mL/mg). 

The higher observed values of the dose-normalized AUC0-∞ in the 4 auto-injector studies (K643-

08-1001, K643-08-1002, K643-08-1003, and K643-08-1004) compared to those of Study 11903 

and the 2 published studies could be due to the difference in study design (ie, cross-over design 

with 2 × 10 mg injections separated by <1 minute for the 4 auto-injector studies versus single-

dose design for Study 11903 and the 2 published studies). Additionally, these dose-normalized 

comparisons were made using data collected from different studies conducted at different clinical 

sites, with study drug administered at different injection sites, the PK samples were collected at 

different time points, and the sensitivity of bioanalytical assay were different. 

Statistical Analysis 

Statistical assessment of the relative bioavailability of midazolam between the Midazolam IM 

Auto-Injector (Investigational Product) and the Midazolam IM manual injection was performed 

using a linear mixed-effects model. 

The across-study comparison for statistical analysis of PK parameters is summarized in Table 3. 

The statistical analysis of midazolam PK parameters using a linear mixed-effects model for all 

subjects receiving the Midazolam IM manual injection  versus all subjects receiving the 

Midazolam IM Auto-Injector (Investigational Product) showed that the ratios of geometric LS 

mean (90% CIs) for Cmax and AUC0-∞ were 89.69% (72.88 to 110.38) and 109.18% (89.59 to 

133.05), respectively, indicating similar bioavailability of the Midazolam IM Auto-Injector 

(Investigational Product) compared to the Midazolam IM manual injection. 

Table 3. Statistical Analysis of Midazolam PK Parameters (Linear Mixed-Effects Model) for the 

Midazolam IM Manual Injection (Crevoisier, 1981) Versus the Midazolam IM Auto-Injectors 

(Investigational Products) (Studies 11903 and K643-08-1001) - PK Population - All Subjects 
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Further statistical analyses were carried out to compare a subgroup of subjects with similar 

demographics in the Crevoisier study and Studies 11903 and K643-08-1001. Table 4 presents the 

demographics for individual subjects from the 3 studies. 

Table 4. Subjects With Similar Demographics in Crevoisier (1981) and Studies 11903 and 

K643-08-1001

 

The across-study comparison for statistical analyses of PK parameters for the subjects with 

similar demographics is presented in Table 5. The statistical analysis of midazolam PK 

parameters from a linear mixed-effects model for subjects with similar demographics receiving 

the Midazolam IM manual injection versus subjects with similar demographics receiving the 

Midazolam IM Auto-Injector (Investigational Product) showed that the ratios of geometric LS 

mean (90% CIs) for Cmax and AUC0-∞ were 94.51% (72.2 to 123.7) and 110.70% (84.6 to 144.9), 

respectively, indicating similar bioavailability of the Midazolam IM Auto-Injector 

(Investigational Product) compared to the Midazolam IM manual injection. 
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Table 5. Statistical Analysis of Midazolam PK Parameters (Linear Mixed-Effects Model) for the 

Midazolam IM Manual Injection Versus the Midazolam IM Auto-Injectors (Investigational 

Products) - PK Population - Subjects With Similar Demographics

 

In summary, the dose-normalized midazolam exposures (Cmax and AUC) were comparable 

between the Midazolam IM Auto-Injector (Investigational Product) and the Midazolam IM 

manual injection. Additionally, the statistical analysis demonstrated similar midazolam 

bioavailability for midazolam when administered via the Midazolam IM Auto-Injector 

(Investigational Product) or the Midazolam IM manual injection. 

Conclusions and reviewer’s comments 

The purpose of this across-study comparison of Midazolam exposures is to support the Request 

for Biowaiver for conducting an in vivo bioavailability study for Midazolam Multi-Use Vials for 

Intramuscular manual injection versus the Midazolam IM Auto-Injectors.  

Based on the data provided, it is acceptable to conclude that via Midazolam IM Auto-Injector or 

the Midazolam IM manual injection, the dose-normalized midazolam exposures and 

bioavailability are comparable within the context that cross-study comparisons are difficult due 

to the use of data collected from different studies, in which study drug administered at different 

injection sites, the PK samples were collected at different time points, and the sensitivity of 

bioanalytical assay were different. Therefore, the sponsor provided information are appropriate 

to support the Request for Biowaiver for conducting an in vivo bioavailability study from clinical 

pharmacology perspective. 

4.2 Dose Linearity Study (Study 11903) 

Title: A Phase I, Open-Label, Single-Center Study to Evaluate the Safety and Dose Linearity of 

Intramuscular Administration of Midazolam Using an Auto-injector. 

Objectives: 

The primary objectives of this study are: 

 To determine the dose linearity (dose-proportionality) and pharmacokinetics (PK) of 

midazolam intramuscular (IM) 
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 To determine the safety profile of midazolam IM administered using an autoinjector at 

the dose levels selected 

The secondary objectives of this study are: 

 To assess incidents of respiratory depression 

 To assess injection site responses 

 

Study Design:  This is an open label, in-clinic, Phase 1 dose escalation (PK, dose linearity and 

proportionality) study in healthy subjects. Healthy volunteers will be assigned to one of six target 

dosage groups to receive fixed total delivered amounts of midazolam, administered by IM using 

an auto-injector (see Table 1).  

Table 1. Overview of Treatment Groups and Dose Levels 

 

Study Population: 

Thirty-night (39) healthy adult male and female volunteers aged 18-55 years were enrolled in 

this study. Females and males must have a BMI ≥ 19 and ≤ 26 and may weigh between 55 and 

85 kg. Subjects must represent the U.S. military’s 25th to 75
th

 percentiles for body weight ranges 

(i.e., these percentiles are based on the average ranges of 55 to 69 kg for females and 70 to 85 kg 

for males). 

Study Treatment: 

Subjects were administered the predetermined fixed total delivered amount of midazolam IM 

using an auto-injector delivery system. Because the total amount of midazolam contained in the 

auto-injector is fixed at either 5 mg or 10 mg, subject assignment to treatment groups were 

determined by calculating the dosage range based upon a combination of delivery amount and 
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body weight. The midazolam dosages, based on the fixed total amount of midazolam and subject 

body weight, are listed in Table 1. 

All injections were administered in the same thigh but at different locations. 

Pharmacokinetics: 

The plasma concentration time profiles for midazolam were subject to a model independent PK 

analysis (non-compartmental analysis) using WinNonlin to estimate the following PK 

parameters: AUClast, AUCinf, Cmax, Cl_F_pred, Tmax, t½, Vz_F, Cmax/Dose, and 

AUCinf/Dose. 

Blood samples for assay measurements of midazolam were collected at the following times: 

prior to dosing and following dosing at 2, 4, 7, 11, 15, 20, 30, 45 and 60 minutes and 1.5, 3, 5, 7, 

9, 12, 24 and 48 hours. 

Bioanalytical Methods: 

A liquid chromatography tandem mass spectrometry (LC-MS/MS) method was validated for the 

determination of midazolam in human plasma (heparin) for the analysis of pharmacokinetic 

samples for Study 11903. The method was developed and implemented by  

 using midazolam maleate salt and midazolam free base as the 

analytical standards. It is sensitive for midazolam determination in human plasma from 0.5 

ng/mL to 200 ng/mL. 

Summary of the validated analytical methods and bioanalytical assay performance for 

midazolam are presented in the Table 2.  

Table 2. Summary of the Validated Analytical Methods for Midazolam 

 

Sensitivity 

(LLOQ) 

(ng/mL) 

Calibration 

Range 

(μg/mL) 

Inter-Run 

Precision 

(%CV) 

Inter-Run 

Accuracy 

(%RE) 

Method 

Validation 
0.5 0.5 to 200 ≤7.5% -9.1 to 5.0% 

 

Safety Evaluations:  

The following safety variables were summarized in the study population: 

 Adverse events (AEs) – including serious adverse events (SAEs) and dose limiting 

adverse events 

 Pain at Injection site 

 Vital Signs 

 Physical examinations 

 12-Lead ECG 

 Laboratory tests 

RESULTS: 

Pharmacokinetics:  
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Descriptive statistics values and statistical analysis of significant differences of the PK 

parameters are listed in Tables 3 (by mg/kg dose) and Table 4 (by fixed total amount).  

Table 3: Summary of Pharmacokinetic Parameters (Dose, mg/kg) 
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Table 4: Summary of Pharmacokinetic Parameters (Fixed Total Amount, mg) 
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Following an IM injection of midazolam using an auto-injector at dosages ranging from 0.10-

0.49 mg/kg (or fixed total amount of 5-30 mg), the overall mean Tmax was observed at 0.55 

hours after administration and, afterward, the plasma concentration declined with an overall 

mean terminal half-life value of 4.1 hours (range 1.7-6.9 hours). Overall mean apparent 

clearance was 325 mL/hr/kg; however, there was evidence that apparent clearance decreased for 

the male 0.49 mg/kg group (or 30 mg fixed total amount). The target Cmax concentration of at 

least 190-196 ng/mL was first consistently achieved in the subjects at a dose of 0.25 mg/kg (or 

20 mg fixed total amount) but not observed in 100% of the subjects in a cohort until a dose of 

0.33 mg/kg (or 25 mg fixed total amount) was administered. The mean (± SEM) Cmax values 

were 194 ± 32 and 253 ± 10 ng/mL at these doses, respectively. The extent of systemic exposure, 

assessed by AUC and Cmax, tended to increase proportionally with increasing dose from 0.10-

0.49 mg/kg; although for the male 0.49 mg/kg group (or 30 mg fixed total amount group), there 

was evidence of a larger than proportional increase in AUC. 

Safety:  

Overall, no unexpected clinically significant symptoms were observed in any subjects. The 

occurrences of Dose Limiting Toxicity (DLT) were only seen at the 30 mg (i.e. highest) dose 

level and did not require treatment. There were no changes in clinical laboratory findings that 

were of concern. Vital sign changes were mild and did not require intervention. There were no 

instances of significant respiratory depression even at the highest dosing levels. Significant ECG 

abnormities were only observed in individuals receiving 30 mg doses. Injection pain was not 

dose related and was generally resolved by 24 hours. 

CONCLUSIONS: 

 Midazolam exhibits dose proportionality at the dosages ranging from 5 to 30 mg (or 0.10-

0.49 mg/kg). 

 Doses in the range of 20-25 mg will achieve the target Cmax concentration of at least 

190-196 ng/mL in most individuals. 

 The safety profile of doses in the 20-25 mg range appears reasonable, with no individuals 

reported with clinically significant respiratory depression and an acceptable level of 

injection site reactions. 
 

4.3 DDI study of Midazolam with Atropine (Study K643-08-1002) 

Title: A Two-Way, Randomized Sequence, Crossover Design Study to Evaluate the Safety and 

Pharmacokinetics of Midazolam, With and Without Pre-Administration of Atropine, 

Administered Intramuscularly Using an Auto-Injector in Healthy Volunteers. 

Objectives: 

The primary objective of this study was to assess overall safety and compare the 

pharmacokinetic (PK) parameters for midazolam 2 × 10 mg auto-injectors (20 mg total), with 

injections separated by < 1 minute when used alone to midazolam that was preceded by atropine 

sulfate (2.0 mg; 1.67 mg atropine base) by auto-injector.  

The secondary objectives of this study were to determine 1-hydroxymidazolam and atropine PK 

parameters when atropine was co-administered with midazolam and to assess and compare 

midazolam alone to midazolam preceded by atropine with respect to: 

 Occurrences of respiratory depression. 
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 Injection site reactions. 

 Other adverse events (AE). 

 Changes in vital signs, physical examination findings, electrocardiogram (ECG) findings, 

clinical chemistry, hematology, and urinalysis.  

Study Design:  

Twenty-four (24) subjects were enrolled and randomly assigned to one of two treatment 

sequences. Subjects completed a Screening Phase, a Treatment Phase consisting of two Dosing 

Periods, and an End-of-Study Phase.  

Dosing Period 1: Subjects were admitted to the clinical research unit (CRU) on the evening 

before dosing (Day -1) for their Predose Evaluation. Subjects then entered the Treatment Phase 

of the study on Day 1 and received one of the following treatments after an overnight fast of at 

least eight hours: 

• Treatment A: 2 × 10 mg auto-injectors (20 mg midazolam total) with injections separated by 

less than 1 minute 

• Treatment B: Atropine preceding midazolam: atropine sulfate (2.0 mg; 1.67 mg atropine base) 

by auto-injector, followed 10 minutes later by midazolam 2 × 10 mg    auto-injectors (20 mg 

total) with injections separated by < 1 minute 

Dosing Period 2: Dosing period 2 began the evening of the same day on which Dosing Period 1 

was completed (Study Day 2). Subjects remained in the CRU and on Study Days 2, 3, and 4 

underwent the same procedures (excluding randomization) and assessments performed on Study 

Days -1, 1, and 2. 

End-of-Study Phase: Defined as 48 ± 4 hours following dosing for Dosing Period 2 (or at study 

termination for subjects who terminated participation early). Subjects were continuously 

confined to the CRU for approximately 108 hours (5 nights and 4 days). A final safety 

assessment was done at the End of the Study phase. 

Number of Subjects: 

All 24 subjects enrolled in the study were included in the Safety and PK analyses. 

Pharmacokinetics: 

Pharmacokinetic analyses were performed using plasma midazolam and 1-hydroxymidazolam 

and atropine concentrations. Pharmacokinetic parameters included Cmax, Tmax, half-life (t1/2), 

and AUC including AUClast and AUC∞. Additionally, apparent clearance (Cl_F) was evaluated 

for midazolam and atropine, and the area under the curve from 0 to 1 hour following the first 

midazolam auto-injection (AUC0-1h), fraction of the total area under the plasma concentration 

versus time curve (AUC∞) represented by AUC0-1h (AUC0-1h/∞), and relative bioavailability 

(F) were evaluated for midazolam only. 

Bioanalytical Methods: 

A liquid chromatography tandem mass spectrometry (LC-MS/MS) method was validated for the 

determination of midazolam, 1-Hydroxymidazolam and atropine in human plasma (heparin) for 

the analysis of pharmacokinetic samples for Study K643-08-1002. Summary of the validated 

analytical methods and bioanalytical assay performance for midazolam, 1-Hydroxymidazolam 

and atropine are presented in the Table 1.  
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Table 1. Summary of the Validated Analytical Methods and Assay Performance for Midazolam 

1-Hydroxymidazolam and atropine 

 
Analyte  

(Study Number) 

Sensitivity 

(LLOQ) 

(ng/mL) 

Calibration 

Range 

(μg/mL) 

QCs 

(ng/mL) 

Inter-

Run 

Precision 

(%CV) 

Inter-

Run 

Accuracy 

(%RE) 

Method 

Validation 

Midazolam 

(ZZ14333-01) 
0.1 0.1 to 40 

LLOQ, 

0.300, 

15.0, and 

30.0 

2.2 to 

8.1% 

0.7 to 

3.0% 

1-Hydroxymidazolam 

(ZZ14333-01) 
0.1 0.1 to 20 

LLOQ, 

0.300, 

7.50, and 

15.0 

2.8 to 

10.1% 

-2.0 to 

0.0% 

Atropine 

(ZZ16377-01) 
0.1 0.1 to 20 

LLOQ, 

0.300, 

1.50, and 

15.0 

4.8 to 

20.8% 

-4.3 to 

2.0% 

Assay 

Performance 

Midazolam 

(AA72058-01) 
0.1 0.1 to 40 

0.300, 

15.0, and 

30.0 
≤4.6% 

-2.5 to 

2.3% 

1-Hydroxymidazolam 

(AA72058-01) 
0.1 0.1 to 20 

0.300, 

7.50, and 

15.0 

≤5.5% 
-1.0 to 

7.6% 

Atropine 

(AA72058-02) 
0.1 0.1 to 20 

0.300, 

7.00, and 

15.0 

≤5.2% 
-2.0 to 

4.8% 

Reviewer’s comments: In Atropine validation study (ZZ16377-01), an LLOQ QC (Batch 33 

Replicate 7, Event ID LNK-EIR-2008-818) had a 117% deviation from theoretical. This caused 

the CV% to be greater than 20%. This was most likely caused by an extraction or aliquotting 

error, as all other LLOQ QCs on batch were acceptable. The batch failed for Precision and 

Accuracy, but was acceptable as a non-PA batch. All other data on batch is acceptable and 

reported. 

Safety Evaluations:  

Safety was evaluated by AEs, clinical laboratory (chemistry, hematology, and urinalysis), vital 

signs, physical examination, 12-lead ECG, injection site pain, and respiratory depression. 

Statistical Methods: 

Descriptive statistics were provided for midazolam, 1-hydroxymidazolam, and atropine plasma 

concentrations and PK parameters. Analyses of variance (ANOVA) were performed on 

midazolam natural log (ln)-transformed PK parameters (Cmax, AUClast, AUC∞, and AUC0-

1h). PROC MIXED of SAS® was used, with sequence, treatment, period, and gender as fixed 
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effects, and subject within sequence as a random effect. The effect of gender was removed from 

the ANOVA model if the effect was not considered significant at the 0.05 level. The least-

squares means (LS Means), the mean ratios, and their associated 90% confidence intervals (CIs) 

for each parameter were presented to evaluate relative bioavailability of the test treatment (i.e., 

atropine preceding midazolam) relative to the reference treatment (i.e., midazolam alone). 

Results: 

Pharmacokinetics:  

Midazolam 

Mean plasma midazolam concentration-versus-time profiles for each treatment are presented in 

Figure 1. The arithmetic means and SD of midazolam PK parameters (median, minimum, and 

maximum for Tmax) for all subjects are presented for both treatments in Table 2. The ratios of 

the least-squares means (LS Means) with the 90% CIs derived from the analysis of the 

midazolam ln-transformed Cmax, AUClast, and AUC∞ for the comparable bioavailability 

assessment are presented in the Table 3. 

Figure 1. Mean (SD) Plasma Midazolam Concentrations Versus Time (Linear Scale) 
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Table 2. Summary of the Midazolam Pharmacokinetic Parameters (PK Population) 

 

Table 3. Statistical Comparisons of Midazolam Pharmacokinetic Parameters Following Atropine 

Preceding Midazolam Compared to Midazolam Alone (PK Population) 

 

The 90% CIs of midazolam Cmax, AUClast, and AUC∞ for this comparison were within the 

80% to 125% range, indicating that midazolam exposure was equivalent for midazolam preceded 

by atropine versus midazolam alone. Additionally, the mean ratios of midazolam ln-transformed 

Cmax, AUClast, and AUC∞ were 97.97%, 99.59%, and 99.70%, respectively, and 

approximately a 2% difference or less in the geometric LS Means for Cmax, AUClast, and 

AUC∞.  

Overall, the PK and statistical analyses of data, as well as the overlay of mean plasma midazolam 

concentration profiles, indicate that the maximum and overall exposure of midazolam was 

equivalent for midazolam preceded by atropine versus midazolam alone. 
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1-hydroxymidazolam 

Mean plasma 1-hydroxymidazolam concentration-versus-time profiles for each treatment are 

presented in Figures 2. The arithmetic means and SD of 1-hydroxymidazolam PK parameters 

(median, minimum, and maximum for Tmax) for all subjects are presented for both treatments in 

Table 4.  

Figure 2. Mean (SD) Plasma 1-hydroxymidazolam Concentrations Versus Time (Linear Scale) 

 

Table 4. Summary of the 1-hydroxymidazolam Pharmacokinetic Parameters 

 

Comparison of the mean PK parameters of 1-hydroxymidazolam for atropine preceding 

midazolam versus midazolam alone demonstrated only small differences. Overall, The PK 

analysis of the data, as well as the overlay of mean plasma concentration profiles, indicate that 
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the maximum and overall exposure of 1-hydroxymidazolam was similar between the two 

treatments.  

Atropine 

The arithmetic means and SD of atropine PK parameters (median, minimum, and maximum for 

Tmax) for all subjects are presented in Table 5. These results of the PK analysis for atropine are 

similar to those for a previous study, in which 24 healthy subjects were dosed with 2 mg atropine 

sulfate (1.67 mg atropine) and 600 mg pralidoxime chloride (2-PAM) by auto-injections. In the 

previous study, the mean (SD) serum atropine values following single injections of atropine and 

2-PAM were as follows: Tmax was 20.86 (19.55) minutes (or approximately 0.35 hour), and t1/2 

was 137.5 (18.17) minutes (or approximately 2.3 hours). 

Table 5. Summary of the Atropine Pharmacokinetic Parameters (PK Population) 

 

Safety:  

There were no SAEs in this study and no subjects were discontinued by the Investigator due to 

AEs. A total of 24 (100%) subjects reported 127 AEs. Twenty-four (24) subjects following 

midazolam alone reported a total of 53 AEs, and 24 subjects following atropine preceding 

midazolam reported a total 74 AEs. There were no important differences in AEs by treatment 

arm, except for the occurrences of left leg injection site pain in subjects receiving atropine 

injections in the left leg. Of the 127 AEs, 109 were reported as mild in intensity and 18 were 

reported as moderate. Increased pulse and heart rates occurred within the first 1.5 hours of 

dosing, to a greater magnitude for subjects following atropine preceding midazolam. 

CONCLUSIONS: 

 The maximum and overall exposure of midazolam and 1-hydroxymidazolam were 

comparable for midazolam preceded by atropine versus midazolam alone.  

 There do not appear to be important differences in 1-hydroxymidazolam or midazolam PK 

data between males and females. 

 The PK profile of atropine in this study was similar to that found in a previous study. 

 Administration of 20 mg total (via two auto-injectors) of midazolam, alone as well as co-

administered with 2 mg (1.67 mg atropine base) of atropine, resulted in similar safety profiles 

and appeared to be safe and generally well-tolerated by the healthy male and female subjects 

in this study. 
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4.4 DDI study of Midazolam with Atropine + Pralidoxime Chloride (2-PAM) (Study K643-

08-1003) 

Title: A Two-Way, Randomized Sequence, Crossover Design Study to Evaluate the Safety and 

Pharmacokinetics of Midazolam, With and Without Pre-Administration of Atropine, and 

Pralidoxime Chloride (2-PAM), Administered Intramuscularly Using an Auto-Injector in 

Healthy Volunteers. 

Objectives: 

The primary objectives of this study was to assess overall safety and compare the 

pharmacokinetic (PK) parameters for midazolam 2 × 10 mg auto-injectors (20 mg total), with 

injections separated by < 1 minute when used alone to midazolam that was preceded atropine 

(2.1 mg; 0.7 mL) and 2-PAM (600 mg; 2.0 mL) using a single auto-injector.  

The secondary objectives of this study were to determine 1-hydroxymidazolam, atropine, and 2-

PAM PK parameters when atropine/2-PAM was co-administered with midazolam. 

Study Design:  

Twenty-four (24) subjects were enrolled and randomly assigned to one of two treatment 

sequences. Subjects completed a Screening Phase, a Treatment Phase consisting of two Dosing 

Periods, and an End-of-Study Phase.  

Dosing Period 1: Subjects were admitted to the clinical research unit (CRU) on the evening 

before dosing (Day -1) for their Predose Evaluation. Subjects then entered the Treatment Phase 

of the study on Day 1 and received one of the following treatments after an overnight fast of at 

least eight hours: 

• Treatment A: 2 × 10 mg auto-injectors (20 mg midazolam total) with injections separated by 

less than 1 minute 

• Treatment B: Atropine and 2-PAM preceding midazolam: Atropine (2.1 mg; 0.7 mL) and 2-

PAM (600 mg; 2.0 mL), both intramuscular using a single auto-injector, followed 10 minutes 

later by 2 × 10 mg (20 mg) midazolam auto-injectors separated by < 1 minute 

Dosing Period 2: Dosing period 2 began the evening of the same day on which Dosing Period 1 

was completed (Study Day 2). Subjects remained in the CRU and on Study Days 2, 3, and 4 

underwent the same procedures (excluding randomization) and assessments performed on Study 

Days -1, 1, and 2. 

End-of-Study Phase: Defined as 48 ± 4 hours following dosing for Dosing Period 2 (or at study 

termination for subjects who terminated participation early). Subjects were continuously 

confined to the CRU for approximately 108 hours (5 nights and 4 days). A final safety 

assessment was done at the End of the Study phase. 

Number of Subjects: 

All 24 subjects enrolled in the study were included in the Safety and PK analyses. 

Pharmacokinetics: 

Pharmacokinetic analyses were performed using plasma midazolam, 1-hydroxymidazolam, 

atropine, and 2-PAM concentrations. Pharmacokinetic parameters included Cmax, Tmax, ke, 

half-life (t1/2), and AUC including AUClast and AUC∞. Additionally, apparent clearance (Cl_F) 
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was evaluated for midazolam, atropine, and 2-PAM, and the area under the curve from 0 to 1 

hour following the first midazolam auto-injection (AUC0-1h), fraction of the total area under the 

plasma concentration versus time curve (AUC∞) represented by AUC0-1h (AUC0-1h/∞), and 

relative bioavailability (F) were evaluated for midazolam only. 

Bioanalytical Methods: 

A liquid chromatography tandem mass spectrometry (LC-MS/MS) method was validated for the 

determination of midazolam, 1-Hydroxymidazolam, atropine and 2-PAM in human plasma 

(heparin) for the analysis of pharmacokinetic samples for Study K643-08-1003. Summary of the 

validated analytical methods and bioanalytical assay performance for midazolam,                       

1-Hydroxymidazolam, atropine and 2-PAM are presented in the Table 1.  

Table 1. Summary of the Validated Analytical Methods and Assay Performance for Midazolam 

1-Hydroxymidazolam and atropine 

 
Analyte  

(Study Report) 

Sensitivity 

(LLOQ) 

(ng/mL) 

Calibration 

Range 

(μg/mL) 

QCs 

(ng/mL) 

Inter-

Run 

Precision 

(%CV) 

Inter-

Run 

Accuracy 

(%RE) 

Method 

Validation 

Midazolam 

(ZZ14333-01) 
0.1 0.1 to 40 

LLOQ, 

0.300, 

15.0, and 

30.0 

2.2 to 

8.1% 

0.7 to 

3.0% 

1-Hydroxymidazolam 

(ZZ14333-01) 
0.1 0.1 to 20 

LLOQ , 

0.300, 

7.50, and 

15.0 

2.8 to 

10.1% 

-2.0 to 

0.0% 

Atropine 

(ZZ16377-01) 
0.1 0.1 to 20 

LLOQ, 

0.300, 

1.50, and 

15.0 

4.8 to 

20.8% 

-4.3 to 

2.0% 

2-PAM 

(ZZ16338-01) 
0.1 0.1 to 20 

LLOQ, 

0.300, 

1.50, and 

15.0 

2.9 to 

9.5% 

-1.7 to 

2.0% 

Assay 

Performance 

Midazolam 

(AA72058-01) 
0.1 0.1 to 40 

0.300, 

15.0, and 

30.0 
≤4.6% 

-2.5 to 

2.3% 

1-Hydroxymidazolam 

(AA72058-01) 
0.1 0.1 to 20 

0.300, 

7.50, and 

15.0 

≤5.5% 
-1.0 to 

7.6% 

Atropine 

(AA72058-02) 
0.1 0.1 to 20 

0.300, 

7.00, and 

15.0 

≤5.2% 
-2.0 to 

4.8% 

2-PAM 

(AA72060-03) 
0.1 0.1 to 20 

0.300, 

1.50, and 

15.0 

≤440.8% 
1.3% to 

1533.3% 

 

Reviewer’s comments: In the bioanalysis final report (AA72060-03) for the determination of 2-

PAM in human plasma, there was 1 anomalous value (506 ng/mL) for the 1.50 ng/mL QC in 

Batch Run 1, which caused the %CV to be greater than 15% and the %RE to be outside ±15%. 

All other data on batch is acceptable and reported. 
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Safety Evaluations:  

Safety was evaluated by AEs, clinical laboratory (chemistry, hematology, and urinalysis), vital 

signs, physical examination, and other observations related to safety. 

Statistical Methods: 

Descriptive statistics were provided for midazolam, 1-hydroxymidazolam, atropine, and 2-PAM 

plasma concentrations and PK parameters. Analyses of variance (ANOVA) were performed on 

midazolam natural log (ln)-transformed PK parameters (Cmax, AUClast, AUC∞, and AUC0-

1h). PROC MIXED of SAS® was used, with sequence, treatment, period, and gender as fixed 

effects, and subject within sequence as a random effect. The effect of gender was removed from 

the ANOVA model if the effect was not considered significant at the 0.05 level. The least-

squares means (LS Means), the mean ratios, and their associated 90% confidence intervals (CIs) 

for each parameter were presented to evaluate the relative bioavailability of the test treatment 

(i.e., atropine and 2-PAM preceding midazolam) relative to the reference treatment (i.e., 

midazolam alone). Comparable bioavailability was concluded based on whether the 90% CIs for 

the ln-transformed Cmax and AUC parameters fell within 80% to 125%. 

Results: 

Pharmacokinetics:  

Midazolam 

Mean plasma midazolam concentration-versus-time profiles for each treatment are presented in 

Figure 1. The arithmetic means and SD of midazolam PK parameters (median, minimum, and 

maximum for Tmax) for all subjects are presented for both treatments in Table 2. The ratios of 

the least-squares means (LS Means) with the 90% CIs derived from the analysis of the 

midazolam ln-transformed Cmax, AUClast, and AUC∞ are presented in the Table 3. 

Figure 1. Mean (SD) Plasma Midazolam Concentrations Versus Time (Linear Scale) 
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Table 2. Summary of the Midazolam Pharmacokinetic Parameters (PK Population) 

 

Table 3. Statistical Comparisons of Midazolam Pharmacokinetic Parameters Following Atropine 

and 2-PAM Preceding Midazolam Compared to Midazolam Alone (PK Population) 

 

The 90% CIs of midazolam Cmax, AUClast, and AUC∞ for this comparison were within the 

80% to 125% range, indicating that midazolam exposure was equivalent for midazolam preceded 

by atropine and 2-PAM versus midazolam alone. Additionally, the mean ratios of midazolam ln-

transformed Cmax, AUClast, and AUC∞ were 107.96%, 101.70%, and 101.69%, respectively, 

and approximately 8% difference or less in the geometric LS Means for Cmax, AUClast, and 

AUC∞.  
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Overall, the PK and statistical analyses of data, as well as the overlay of mean plasma midazolam 

concentration profiles, indicate that the maximum and overall exposure of midazolam was 

equivalent for midazolam preceded by atropine and 2-PAM versus midazolam alone. 

1-hydroxymidazolam 

Mean plasma 1-hydroxymidazolam concentration-versus-time profiles for each treatment are 

presented in Figures 2. The arithmetic means and SD of 1-hydroxymidazolam PK parameters 

(median, minimum, and maximum for Tmax) for all subjects are presented for both treatments in 

Table 4. The ratios of LS Means and 90% CIs derived from the analysis of the 1-

hydroxymidazolam ln-transformed Cmax, AUClast, and AUC∞ are presented in Table 5. 

Figure 2. Mean (SD) Plasma 1-hydroxymidazolam Concentrations Versus Time (Linear Scale) 

 

Table 4. Summary of the 1-hydroxymidazolam Pharmacokinetic Parameters 
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Table 5. Statistical Comparisons of 1-hydroxymidazolam Pharmacokinetic Parameters 

Following Atropine and 2-PAM Preceding Midazolam Compared to Midazolam Alone (PK 

Population) 

 

The 90% CIs of 1-hydroxymidazolamCmax, AUClast, and AUC∞ for this comparison were 

within the 80% to 125% range, indicating that 1-hydroxymidazolam exposure was equivalent for 

midazolam preceded by atropine and 2-PAM versus midazolam alone. Additionally, the mean 

ratios of 1-hydroxymidazolam ln-transformed Cmax, AUClast, and AUC∞ were 107.42%, 

99.65%, and 102.12%, respectively, indicating an approximately 7% difference or less in the 

geometric LS Means for Cmax, AUClast, and AUC∞ between the two treatments. 

Overall, the PK and statistical analysis of the data, as well as the overlay of mean plasma 

concentration profiles, indicate that the maximum and overall exposure of                                   

1-hydroxymidazolam was similar between the two treatments.  

Atropine 

The arithmetic means and SD of atropine PK parameters (median, minimum, and maximum for 

Tmax) for all subjects are presented in Table 6. These results of the PK analysis for atropine are 

similar to those for a previous study, in which 24 healthy subjects were dosed with 2.51 mg 

atropine sulfate (2.1 mg atropine) and 600 mg pralidoxime chloride (2-PAM) by auto-injections. 

Table 6. Summary of the Atropine Pharmacokinetic Parameters (PK Population) 
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Pralidoxime (2-PAM) 

The arithmetic means and SD of 2-PAM PK parameters (median, minimum, and maximum for 

Tmax) for all subjects are presented for both treatments in Table 7. 

Table 7. Summary of the Pralidoxime (2-PAM) Pharmacokinetic Parameters (PK Population) 

 

These results of the PK analysis for 2-PAM are similar to those for a previous study in which 24 

healthy subjects were dosed with 2.51 mg atropine sulfate (2.1 mg atropine) plus 600 mg 

pralidoxime chloride (2-PAM) by auto-injection. 

Safety:  

There were no SAEs in this study and no subjects were discontinued by the Investigator due to 

AEs. A total of 24 (100%) subjects reported 164 AEs. Twenty-four (24) subjects following 

midazolam alone reported a total of 58 AEs, and 24 subjects following atropine and 2-PAM 

preceding midazolam reported a total 106 AEs. The larger number of total AEs (106) among 

subjects following atropine and 2-PAM preceding midazolam was related to injection site pain 

reporting being requested from each of two injection sites, (right leg used for midazolam, as well 

as the left leg used for atropine and 2-PAM), whereas the midazolam alone subjects were asked 

to report injection site pain from only one injection site (right leg). 

Injection site pain and somnolence were the most commonly reported AEs in this study. There 

were 20 subjects receiving midazolam alone and 22 subjects receiving atropine and 2-PAM 

preceding midazolam who reported somnolence of moderate intensity. All other AEs in this 

study were reported as mild in intensity. The Investigator considered most AEs to be at least 

possibly related to the study drug. 

CONCLUSIONS: 

 The maximum and overall exposure of midazolam and 1-hydroxymidazolam were was 

equivalent for midazolam preceded by atropine and 2-PAM versus midazolam alone.  

 There do not appear to be important differences in 1-hydroxymidazolam or midazolam PK 

data between males and females. 

 The PK profile of atropine and 2-PAM in this study was similar to that found in a previous 

study. 

 Administration of 20 mg total (via two auto-injectors) of midazolam, alone as well as co-

administered 2.1 mg of atropine and 2-PAM, appeared to be safe and generally well-tolerated 

by the healthy male and female subjects in this study. 
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4.5 DDI study of Midazolam with Atropine + Pralidoxime Chloride (2-PAM) + 

Pyridostigmine (Study K643-08-1004) 

Title: A Two-Way, Randomized Sequence, Crossover Design Study to Evaluate the Safety and 

Pharmacokinetics of Midazolam, With and Without Pre-Administration of Oral Pyridostigmine 

and Intramuscular Atropine/Pralidoxime Chloride (2-PAM), Administered Using an Auto-

Injector in Healthy Volunteers. 

Objectives: 

The primary objectives of this study were to assess safety and compare the PK parameters for 

midazolam 2 × 10 mg auto-injectors (20 mg total), with injections separated by < 1 minute when 

used alone to midazolam that was preceded by oral pyridostigmine (30 mg), atropine (2.1 mg; 

0.7 mL) and 2-PAM (600 mg; 2.0 mL) using a single auto-injector.  

The secondary objectives of this study were: 1) to determine 1-hydroxymidazolam PK 

parameters, and atropine and 2-PAM PK parameters when atropine/2-PAM was co-administered 

with midazolam, and 2) to assess and compare the safety for midazolam used alone to 

midazolam preceded by pyridostigmine and atropine/2-PAM. 

Study Design:  

Twenty-four (24) subjects were enrolled and randomly assigned to one of two treatment 

sequences. Subjects completed a Screening Phase, a Treatment Phase consisting of two Dosing 

Periods, and an End-of-Study Phase.  

Dosing Period 1: Subjects were admitted to the clinical research unit (CRU) on the evening 

before dosing (Day -1) for their Predose Evaluation. Subjects then entered the Treatment Phase 

of the study on Day 1 and received one of the following treatments after an overnight fast of at 

least eight hours: 

• Treatment A: 2 × 10 mg auto-injectors (20 mg midazolam total) with injections separated by 

less than 1 minute 

• Treatment B: oral pyridostigmine (30 mg) followed 120 minutes later by atropine (2.1 mg; 

0.7mL) by auto-injector and 2-PAM (600 mg; 2.0 mL) by auto-injector, followed 10 minutes 

later by midazolam 2 × 10 mg auto-injectors (20 mg total) with injections separated by < 1 

minute 

Dosing Period 2: Dosing period 2 began the evening of the same day on which Dosing Period 1 

was completed (Study Day 2). Subjects remained in the CRU and on Study Days 2, 3, and 4 

underwent the same procedures (excluding randomization) and assessments performed on Study 

Days -1, 1, and 2. 

End-of-Study Phase: Defined as 48 ± 4 hours following dosing for Dosing Period 2 (or at study 

termination for subjects who terminated participation early). Subjects were continuously 

confined to the CRU for approximately 108 hours (5 nights and 4 days). A final safety 

assessment was done at the End of the Study phase. 

Number of Subjects: 

All 24 subjects enrolled in the study were included in the Safety and PK analyses. 
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Pharmacokinetics: 

Pharmacokinetic analyses were performed using plasma midazolam, 1-hydroxymidazolam, 

atropine, and 2-PAM concentrations. Pharmacokinetic parameters included Cmax, Tmax, ke, 

half-life (t1/2), and AUC including AUClast and AUC∞. Additionally, apparent clearance (Cl_F) 

was evaluated for midazolam, atropine, and 2-PAM, and the area under the curve from 0 to 1 

hour following the first midazolam auto-injection (AUC0-1h), fraction of the total area under the 

plasma concentration versus time curve (AUC∞) represented by AUC0-1h (AUC0-1h/∞), and 

relative bioavailability (F) were evaluated for midazolam only. 

Bioanalytical Methods: 

A liquid chromatography tandem mass spectrometry (LC-MS/MS) method was validated for the 

determination of midazolam, 1-Hydroxymidazolam, atropine and 2-PAM in human plasma 

(heparin) for the analysis of pharmacokinetic samples for Study K643-08-1003. Summary of the 

validated analytical methods and bioanalytical assay performance for midazolam, 1-

Hydroxymidazolam, atropine and 2-PAM are presented in the Table 1.  

Table 1. Summary of the Validated Analytical Methods and Assay Performance for 

Midazolam 1-Hydroxymidazolam and atropine 

 
Analyte  

(Study Report) 

Sensitivity 

(LLOQ) 

(ng/mL) 

Calibration 

Range 

(μg/mL) 

QCs 

(ng/mL) 

Inter-

Run 

Precision 

(%CV) 

Inter-

Run 

Accuracy 

(%RE) 

Method 

Validation 

Midazolam 

(ZZ14333-01) 
0.1 0.1 to 40 

LLOQ, 

0.300, 

15.0, and 

30.0 

2.2 to 

8.1% 

0.7 to 

3.0% 

1-Hydroxymidazolam 

(ZZ14333-01) 
0.1 0.1 to 20 

LLOQ , 

0.300, 

7.50, and 

15.0 

2.8 to 

10.1% 

-2.0 to 

0.0% 

Atropine 

(ZZ16377-01) 
0.1 0.1 to 20 

LLOQ, 

0.300, 

1.50, and 

15.0 

4.8 to 

20.8% 

-4.3 to 

2.0% 

2-PAM 

(ZZ16338-01) 
0.1 0.1 to 20 

LLOQ, 

0.300, 

1.50, and 

15.0 

2.9 to 

9.5% 

-1.7 to 

2.0% 

Assay 

Performance 

Midazolam 

(AA72061-01) 
0.1 0.1 to 40 

0.300, 

15.0, and 

30.0 
≤3.7% 

-3.7% to 

1.7% 

1-Hydroxymidazolam 

(AA72061-01) 
0.1 0.1 to 20 

0.300, 

7.50, and 

15.0 

≤5.1% 
-0.4% to 

2.0% 

Atropine 

(AA72061-02) 
0.1 0.1 to 20 

0.300, 

7.00, and 

15.0 

≤3.9% 
-2.0% to 

2.0% 

2-PAM 

(AA72061-03) 
0.1 0.1 to 20 

0.300, 

1.50, and 

15.0 

≤7.2% 
0.7% to 

3.0% 
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Safety Evaluations:  

Safety was evaluated by AEs, clinical laboratory (chemistry, hematology, and urinalysis), vital 

signs, physical examination, and other observations related to safety. 

Statistical Methods: 

Descriptive statistics were provided for midazolam, 1-hydroxymidazolam, atropine, and 2-PAM 

plasma concentrations and PK parameters. Analyses of variance (ANOVA) were performed on 

midazolam natural log (ln)-transformed PK parameters (Cmax, AUClast, AUC∞, and AUC0-

1h). PROC MIXED of SAS® was used, with sequence, treatment, period, and gender as fixed 

effects, and subject within sequence as a random effect. The effect of gender was removed from 

the ANOVA model if the effect was not considered significant at the 0.05 level. The least-

squares means (LS Means), the mean ratios, and their associated 90% confidence intervals (CIs) 

for each parameter were presented to evaluate the relative bioavailability of the test treatment 

(i.e., atropine and 2-PAM preceding midazolam) relative to the reference treatment (i.e., 

midazolam alone). Comparable bioavailability was concluded based on whether the 90% CIs for 

the ln-transformed Cmax and AUC parameters fell within 80% to 125%. 

Results: 

Pharmacokinetics:  

Midazolam 

Mean plasma midazolam concentration-versus-time profiles for each treatment are presented in 

Figure 1. The arithmetic means and SD of midazolam PK parameters (median, minimum, and 

maximum for Tmax) for all subjects are presented for both treatments in Table 2. The ratios of 

the least-squares means (LS Means) with the 90% CIs derived from the analysis of the 

midazolam ln-transformed Cmax, AUClast, and AUC∞ are presented in the Table 3. 

Figure 1. Mean (SD) Plasma Midazolam Concentrations Versus Time (Linear Scale) 
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Table 2. Summary of the Midazolam Pharmacokinetic Parameters (PK Population) 

 

Table 3. Statistical Comparisons of Midazolam Pharmacokinetic Parameters Following Atropine 

and 2-PAM Preceding Midazolam Compared to Midazolam Alone (PK Population) 

 

The 90% CIs of midazolam Cmax, AUClast, and AUC∞ for this comparison were within the 

80% to 125% range, indicating that midazolam exposure was equivalent for midazolam preceded 

by pyridostigmine and atropine/2-PAM versus midazolam alone. Additionally, the mean ratios of 

midazolam ln-transformed Cmax, AUClast, and AUC∞ were 101.42%, 99.13%, and 99.18% 

respectively, and there was a less than 2% difference in the geometric LS Means for Cmax, 

AUClast, and AUC∞.  
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Overall, the PK and statistical analyses of data, as well as the overlay of mean plasma midazolam 

concentration profiles, indicate that the maximum and overall exposure of midazolam was 

equivalent for midazolam preceded by atropine and 2-PAM versus midazolam alone. 

1-hydroxymidazolam 

Mean plasma 1-hydroxymidazolam concentration-versus-time profiles for each treatment are 

presented in Figures 2. The arithmetic means and SD of 1-hydroxymidazolam PK parameters 

(median, minimum, and maximum for Tmax) for all subjects are presented for both treatments in 

Table 4. The ratios of LS Means and 90% CIs derived from the analysis of the                             

1-hydroxymidazolam ln-transformed Cmax, AUClast, and AUC∞ are presented in Table 5. 

Figure 2. Mean (SD) Plasma 1-hydroxymidazolam Concentrations Versus Time (Linear Scale) 

 

Table 4. Summary of the 1-hydroxymidazolam Pharmacokinetic Parameters 
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Table 5. Statistical Comparisons of 1-hydroxymidazolam Pharmacokinetic Parameters 

Following Atropine and 2-PAM Preceding Midazolam Compared to Midazolam Alone (PK 

Population) 

 

The 90% CIs of 1-hydroxymidazolamCmax, AUClast, and AUC∞ for this comparison were 

within the 80% to 125% range, indicating that 1-hydroxymidazolam exposure was equivalent for 

midazolam preceded pyridostigmine and atropine/2-PAM versus midazolam alone. Additionally, 

the mean ratios of 1-hydroxymidazolam ln-transformed Cmax, AUClast, and AUC∞ were 

100.62%, 98.35%, and 100.02%, respectively, indicating a less than 2% difference in the 

geometric LS Means for Cmax, AUClast, and AUC∞ between the two treatments. 

Overall, the PK and statistical analysis of the data, as well as the overlay of mean plasma 

concentration profiles, indicate that the maximum and overall exposure of 1-hydroxymidazolam 

was similar between the two treatments.  

Atropine 

The arithmetic means and SD of atropine PK parameters (median, minimum, and maximum for 

Tmax) for all subjects are presented in Table 6. These results of the PK analysis for atropine are 

similar to those for previous studies (Pharma Kinetics Project #141-02-1128033 and the study 

K643-08-1003). 

Table 6. Summary of the Atropine Pharmacokinetic Parameters (PK Population) 
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The mean Cmax, AUClast, and AUC∞ values for atropine (untransformed) were approximately 

56%, 22%, and 19% higher in females versus males, respectively. The tendency for mean Cmax, 

AUClast, and AUC∞ values to be higher in females versus males is consistent with the two prior 

studies in which the PK parameters for atropine were obtained (study K643-08-1002 and study 

K643-08-1003). In the K643-08-1002  study, the mean values for atropine Cmax and AUC were 

higher by approximately 4 - 8% in females versus males. In the K643-08-1003 study, the mean 

values were 11 - 38% higher in females versus males. Atropine and its sulfate salt are highly 

water soluble and distribute freely into total body water (TBW). The higher blood levels in 

females for atropine can be explained on the basis that females have approximately 20% less 

TBW (per wt [%]). Thus, the administration of a fixed dose of the drug will produce higher 

blood levels when the volume is reduced. 

Pralidoxime (2-PAM) 

The arithmetic means and SD of 2-PAM PK parameters (median, minimum, and maximum for 

Tmax) for all subjects are presented for both treatments in Table 7. These results of the PK 

analysis for 2-PAM are similar to those for previous studies (Pharma Kinetics Project #141-02-

1128033 and study K643-08-1003).  

Table 7. Summary of the Pralidoxime (2-PAM) Pharmacokinetic Parameters (PK Population) 

 

The mean Cmax and AUC parameters for 2-PAM were approximately 12% and 10% higher in 

females versus males, respectively. This is consistent with the results obtained in the prior study 

in which the PK parameters for 2-PAM were obtained (Study K643-08-1003). In the K643-08-

1003 study, the mean values for 2-PAM Cmax and AUC were higher by approximately 17-18% 

in females versus males. Similar to atropine, 2-PAM is highly water-soluble and distributes 

freely into TBW. As explained above for atropine, the same amount of 2-PAM given to both 

genders should result in higher TBW concentrations and blood levels in females than in males. 

Safety:  

There were no SAEs in this study and no subjects were discontinued by the Investigator due to 

AEs. A total of 24 (100%) subjects reported 138 AEs. Twenty-four (24) subjects following 

midazolam alone reported a total of 53 AEs, and 24 subjects following pyridostigmine and 

atropine/2-PAM preceding midazolam reported a total of 85 AEs. The larger number of total 

AEs (85) among subjects following pyridostigmine and atropine/2-PAM preceding midazolam 
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was related to injection site pain reporting being requested from each of two injection sites, (right 

leg used for midazolam, as well as the left leg used for atropine/2-PAM), whereas the midazolam 

alone subjects were asked to report injection site pain from only one injection site (right leg). 

Injection site pain and somnolence were the most commonly reported AEs in this study. There 

were 20 subjects receiving midazolam alone and 20 subjects receiving pyridostigmine and 

atropine/2-PAM preceding midazolam who reported somnolence of moderate intensity. All other 

AEs in this study were reported as mild in intensity. The Investigator considered most AEs to be 

at least possibly related to the study drug. 

CONCLUSIONS: 

 The maximum and overall exposure of midazolam and 1-hydroxymidazolam were equivalent 

for midazolam preceded by pyridostigmine and atropine/2-PAM versus midazolam alone. 

 There do not appear to be important differences in 1-hydroxymidazolam or midazolam PK 

data between males and females. 

 The PK profile of atropine and 2-PAM in this study was similar to that found in two previous 

studies. 

 Administration of 20 mg total (via two auto-injectors) of midazolam alone, as well as co-

administered with 30 mg oral pyridostigmine followed 120 minutes later by 2.1 mg (in 0.7 

mL) of atropine and 600 mg (in 2.0 mL) of 2-PAM via auto-injector, appeared to be safe and 

generally well-tolerated by the healthy male and female subjects in this study. 

5 References 

1. Crevoisier PC, Eckert M, Heizmann P, et al. Relationship between clinical effect and 
pharmacokinetics of midazolam after I.V. and I.M. administration. Drug Res. 
1981;31(ii):2211-5. 

2. Bell DM, Richards G, Dhillon S, et al. A comparative pharmacokinetic study of intravenous 
and intramuscular midazolam in patients with epilepsy. Epilepsy Res. 1991;10:183-90. 

3. Holazo AA, Winkler MB, Patel IH. Effects of age, gender, and oral contraceptives on 
intramuscular midazolam pharmacokinetics. J Clin Pharmacol. 1988;28:1040-45. 

4. Wermeling DP, Record KA, Kelly TH, et al. Pharmacokinetic and pharmacodynamics of a 
new intranasal midazolam formulation in healthy volunteers. Aneth Analg. 2006;103:344-9. 

 

 

 

Dawei Li, Ph.D.     

Reviewer 

Division of Clinical Pharmacology 1 (DCP1) 

Concurrence: 

Angela Men, M.D., Ph.D. Team Leader, DCP1 
 

 

Reference ID: 4314880Reference ID: 4322393



--------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically. Following this are manifestations of any and all
electronic signatures for this electronic record.
--------------------------------------------------------------------------------------------
/s/
------------------------------------------------------------

DAWEI LI
08/31/2018

YUXIN MEN
08/31/2018

Signature Page 1 of 1

Reference ID: 4314880Reference ID: 4322393




