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Seizalam® is a midazolam HCl (MDZ) formulation approved by the FDA as a first-line treatment for 
status epilepticus (SE) in adults. MDZ is a BZ that acts as a positive allosteric modulator of synaptic 
GABAA receptors but is inactive on extrasynaptic GABAA receptors. The recommended dose of 
Seizalam® is 10 mg, administered by intramuscular (IM) injection. According to its label, 
Seizalam® at the recommended dose yields a Cmax of 113.9 ± 30.9 (SD) ng/ml in humans. 
Based on the assumption that Cmax is the relevant parameter pharmacokinetic for therapeutic ac-
tivity, we sought to estimate the dose of MDZ which when administered intramuscularly in rats 
would produce a plasma exposure equal to this value. 

Our objective was to define the appropriate dose of MDZ to be used in studies in rats of novel 
SE treatments that may be administered in conjunction with Seizalam®. We dosed MDZ to 
rats by intramuscular injection, measured plasma MDZ concentrations at time intervals after 
administration, and determined pharmacokinetic (PK) parameters based on noncompart-
mental analysis (NCA) of plasma level data. We used two-compartment PK modeling to esti-
mate the rat-equivalent dose to match the manufacturer’s reported Cmax with IM administra-
tion in humans.  

Adult male Sprague-Dawley rats (SD; Charles-Rivers, 150–300 g) were used in the present study. 

Male Sprague-Dawley rats (n=13) were implanted with a permanent cannula in the right jugular 
vein. After 7–10 days of post-operative care, animals were injected with a 0.9 mg/kg IM dose of 
MDZ (commercial 5 mg/mL solution for injection, Hospira). Blood was withdrawn at 0, 2, 5, 15, 30, 
60, 120, 240, 300, 360, and 480 min after the MDZ injection. 

The plasma was separated and MDZ levels were measured using LC-MS/MS (˂ LLOQ=50 pg/ml). 
A NCA was performed on the plasma level data from each animal to estimate the Tmax, Cmax and 
AUC. The plasma level data was also fit with a two-compartment PK model to obtain the clearance 
parameters for each individual and for the entire group. 

Simulations were performed of 0.5, 0.7, 0.9, 1, 1.1 mg/kg doses using the PK parameters either 
from group model fitting or mean of individual model fitting to estimate the dose of MDZ.

NCA of the plasma level measurements in each animal yielded a mean Cmax value of 187.7 ± 
64.5 (SD) ng/ml with Tmax values in the range of 2–15 min (mean, 7.2 ± 5.6 min). 

The mean AUC0-480 min was 8840.3 ± 1623.2 min*ng/ml. The levels remained greater than 115 
ng/ml for at least 15 min after dosing in 10 of 13 animals tested.

Using the PK parameters from the group model fitting, the dose of MDZ required to reach the 
Cmax of 113.9 ng/ml is 0.647 mg/kg (simulated Cmax is 158.5 ng/ml at 0.9 mg/kg dose). 

When using the mean of the individual PK parameters,a dose of 0.655 mg/kg MDZ is required to 
reach the targeted Cmax (simulated Cmax is 156.61 ng/ml at 0.9 mg/kg dose). 

In conclusion, a MDZ dose of 0.65 mg/kg, IM, in rats is estimated to yield the same plasma expo-
sure (Cmax) as obtained with the recommended Seizalam® dose in humans and is proposed as 
the appropriate dose to be administered in rat models to mimic the human dosing.

The work was supported by the NINDS CounterACT program grant (# 1U54NSO79202)

Fig. 1. MDZ plasma levels following intramuscular administration of 
MDZ (0.9 mg/kg) in rats. Blood was collected through permanently 
implanted jugular vein catheter at 0, 2, 5, 15, 30, 60, 120, 240, 300, 
360 and 480 min.  Data points represent values from individual 
animals as shown in Table 1.
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Table 1.  Non-compartmental analysis for intramuscular
MDZ in rats.
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Table 2. Non-compartmental analysis parameters statistics (Animal # 4 was excluded for AUC0_480 and AUCINF_Obs calculations
due to insuffient time-point data).
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V1: Volume of the central compartment; V2-volume of peripheral tissue compartment; Cl: clearance from central compartment
Cl2: inter-compartmental distribution; Ka: absorption rate constant
# Animal 1, 4 and 12 were excluded from the Mean and SD calculations due to the fitness issue.
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