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CENTER of EXCELLENCE

Seizalam® (midazolam injection) in humans

UCDAVIS Ashish Dhir, Chun-Yi Wy, and Michael A. Rogawski
Department of Neurology, School of Medicine, University of California, Davis, Sacramento, CA, USA

Table 2. Non-compartmental analysis parameters statistics (Animal # 4 was excluded for AUC( 480 and AUC|NE ops Calculations
due to insuffient time-point data). B B

Grouped Two-Compartment PK Modeling and Simulation

INTRODUCTION

Seizalam® is a midazolam HCI (MDZ) formulation approved by the FDA as a first-line treatment for Parameter Unit N Mean SD SEM Min Median Max 1000 MDZ 0.5 mg/kg, IM MDZ 0.7 mg/kg, IM
status epilepticus (SE) _in _adult_s. MDZ isa BZ tha’g acts as a positive allosteric modulator of synaptic AUCq 15 Min*(ng/ml) 13 | 228840 | 75876 210 .44 73167 2376.56 3252 84 100 100
GABAA receptors but Is mac’yye on extrasynaptlc GABA , rece_p’gors_. The recom_mendeq dose of AUCq 0 Min“ng/m) | 12 | 884033 | 1623.24 46859 | 509590 | 955579 10299 59 10012 € 10 E 10
Seizalam® is 10 mg, administered by intramuscular (IM) injection. According to its label, TN Mingimd | 12 | 901048 | 1555.77 214917 49220 | 963687 | 1054248 P e . e
Seizalam® at the recommended dose yields a C,5¢x Of 113.9 £ 30.9 (SD) ng/ml in humans. INF_Obs J ' ' ' ' ' ' 9 N N
| | . | AUC ¢t Min*(ng/ml) | 13 | 8510.80 | 2267.09 628.78 282416 | 9528.01 10537.20 = 10— = 01| LLoQ=005MgAl = 01
Ba_sed on the assumptlpn that C,,,ax IS the relevant _parameter pha_rmacokln_etlc for therapeu_tlc ac- c ppay 3 1577 YT 1788 5299 17808 284 85 E 'VE oot oot
tivity, we sought to estimate the dose of MDZ which when administered intramuscularly in rats max 9_ ' ' ' ' ' ' > 3 0 T5.°° 1000 1500 S 618‘;%”)1500
would produce a plasma exposure equal to this value. Tmax Min 13 15 060 195 200 >0 1599 N 1 . MDzlrgeg(mg/)kg IM MDZ 1.0 mg/kg, IM  MDZ 1.1 mg/kg, IM
QO = ' ’ ' ’ ' ’
= = 100 ___ 100 __100
Individual Two Compartment PK Modeling - s £ E €
(@) O) (@)
01—_ c C cC
] ] L] ] ] ] ] | = LLO =0.05 / I D 1 g 1 D 1
Our objective was to define the appropriate dose of MDZ to be used in studies in rats of novel { CObs (ng/ml) 2, CObs (ng/mi) 3, CObs (ng/ml) .., = Q=0.05ng/ml g N _ N N
SE treatments that may be administered in conjunction with Seizalam®. We dosed MDZ to b i (LiKg) V2{LiKg) CL{Likglh) CL2 ({Likgl) - o 3 ON.LOos0ongmb. 3 0L LLOG=00Sngfi> 5 O] LLOGS0.05naf:
rats by intramuscular injection, measured plasma MDZ concentrations at time intervals after £ T 0.01 e "0 o 0 #0  ""0 0 o0 0 0 sk 1000 180
. o . . D S 10 5 10 1# 0.024 0.00 2.07 3.87 11.26 Time (min) Time (min) Time (min)
administration, and determined pharmacokinetic (PK) parameters based on noncompart- | £ £ 1 2 0.39 341 0.71 5 91 0.05 0 500 1000 1500
mental analysis (_NCA) of plasma level data. We used tw?-compartment PK_ modeling f[o_esti- Q o1 °LL<\3Q=o.osng/m| 'g‘on- =0.05ng/mi é‘on- L0Q=005ngiml 4 9014 480 07 £ o7 0.05 Time (min)
mate the rat-equivalent dose to match the manufacturer’s reported C,,5x with IM administra- "0 500 1000 1600 0 500 1000 1500 0 500 1000 1500 g 0.66 383 £06.84 514 074
tion in humans. 4,CObs (ngiml) 5, CObs (ngiml)  6,CObs (ngim) 5 3823 572 676 664 e Variable | Unit | Estimate | SEM | CV% |2.5%Cl | 97.5%Cl | Var. Inf. factor
= too = 09 =0 A 036 436 . e 010 Ka 1/min 0.72 0.26 36.13 0.21 1.23 0.30
MATE RIALS & METHODS 10 fo fo 7 21.12 7.31 19.19 6.93 0.60 Vi L/kg 500 0.50 10.08 0.00 0.01 9.97E-07
i _ D _ : N ) N ) N 8 0.61 13.87 10.80 9.96 507 V2 L/kg 6.00 0.73 12.25 0.01 0.01 2.16E-06
Adult male Sprague-Dawley rats (SD; Charles-Rivers, 150—-300 g) were used in the present study. goo; LLc?Q_o_@ng@ goo; LL(r)Q—O.(?Sn _. 50?611 LL1 2 _/ml_l X 05E 103 . . 036 ol Ukain | 6.65 039 =80 5 8E-05 1 0.00 ALEA
Male Sprague-Dawley rats (n=13) were implanted with a permanent cannula in the right jugular O e Tmemin 0 Y Tmemin 10 8.4 3.80 0.57 4.69 0.07 CL2 Likg/h | 1.38 0.20 | 14.84  |1.62E-05 | 2.97E-05 | 4.47E-11
vein. After 7-10 days of post-operative care, animals were injected with a 0.9 mg/kg IM dose of 7, CObs (ng/ml) 8, CObs (ng/mi) 9, CObs (ng/ml) 11 147 4.77 077 5-36 009
MDZ (commercial 5 mg/mL solution for injection, Hospira). Blood was withdrawn at O, 2, 5, 15, 30, = 100 Z 100 F 100, 12* 058 8.33  2396.21 3.38 111
60, 120, 240, 300, 360, and 480 min after the MDZ injection. S 0 S 10 5 13 049 378 0.74 5.30 0.09 | e GO e Dose c
il NI NIRRT Mean  10.08 5.5 5.71 6.02 0.83 200 molka) gt - -
The plasma was separated and MDZ levels were measured using LC-MS/MS (<LLOQ=50 pg/ml). Q|- "o Q o1 HeRmnn o 14.20 313 695 155 1.59 T im0 05 88.01 Interpolated Target malka)  (nam)
A NCA was performed on the plasma level data from each animal to estimate the Trax, Cmax and O 5001000 1500 "o 900 1000 1500 O 800 1000 1600 o srcompmimr dsvion o st o S 0.7 123.21 Crax — SD 047 83
AUC. The plasma level data was also fit with a two-compartment PK model to obtain the clearance <100 09 158 40 Target Cy, (FDA-approved label) 0.65 113.9
parameters for each individual and for the entire group. 10, CObs (ng/ml) 11, CObs (ng/ml) 12, CObs (ng/ml) 13, CObs (ng/ml) s 1 176.0 Cmax +SD 0.82 144.8
= 100 - = 100} = 100} © |
: : : : = 50 . .
Simulations were performed of 0.5, 0.7, 0.9, 1, 1.1 mg/kg doses using the PK parameters either £ £ ) S 10 05 07 0.9 11 1.1 193.62
from group model fitting or mean of individual model fitting to estimate the dose of MDZ. FfT \NC/ 1 = N Dose (mg/kg)
| : N O N 0.1 O 01] LLOG O&i@zﬂ
RESU LTS > 500 1000 1500 = 001567600 1800 20-010 S maar e = 0 —=—5"600 =00
Time (min) Time (min) Time (min) Time (min)

MDZ Pharmacokinetic and Non-Compartmental Analysis

NCA of the plasma level measurements in each animal yielded a mean C,,5« value of 187.7 %

;\r/l?)%l% "!a.‘tSNon-CompartmentaI analysis for intramuscular MDZ 0.5 mg/kg, IM MDZ 0.7 mg/kg, IM MDZ 0.9 mg/kg, IM MDZ 1.0 mg/kg, IM MDZ 1.1 mg/kg, IM 64.5 (SD) ng/ml with Tmax values in the range of 2—15 min (mean, (.2 +5.6 mln)
. - .
Animal | Tmax | Cmax |AUCiast  |AUCINF obs | AUCezsg | = =00 _ =100 = 100 The mean AUC0-480 min was 8340.3 + 1623.2 min*ng/ml. The levels remained greater than 115
. (min) | (ngimi) (min*ngim) (min*ng/mi) | (min-ngim) | £ 100 E € 100 & £ ng/ml for at least 15 min after dosing in 10 of 13 animals tested.
1 . | 500 | 28417 | 887890 | 897462 | 897542 | £ 10 = c 10 e 10 e 10 . " .
N N 1 N N1 N1 Using the PK parameters from the group model fitting, the dose of MDZ required to reach the
> - | 1500 | 19015 | 10338.80| 10358.02 | 10299.59 | A a a a a C £113 9 na/ml is 0.647 ma/ka (eimulated G- is 158 5 na/ml at 0.9 ma/ka d
3 ~ | 200 | 206.25| 9119.24 0127.41 906852 | = 01| uog=oosngm~ = 01| uoa=oosngmr~ = 04| Log=00sngm = 01| oa=oosngml = 0.1 | LLOQ=0.05ng/mi _ max O -~ NG IS U. g/kg (simulate max 1S > Ng at'v. g/kg dose).
—v— — — ' ] ' T ' 1 . ' T ' 1 ' | . ' T ' 1 ' | ' I ' 1 ' | 001 ' I ! I : | " 1 N 78 - "
4 —v— | 500 | 21647 ] 282416 00 5801306 150076 500 1000 1500 0 560 1600 150010 5001000 1800 0 560 1000 1500  When using the mean of the individual PK parameters,a dose of 0.655 mg/kg MDZ is required to
_ 0 288 1237807 ;3?22;3: 2(7)22219 ;giggg Time (min) Time (min) Time (min) Time (min) Time (min) reach the targeted C, o« (Simulated C,,5x IS 156.61 ng/ml at 0.9 mg/kg dose).
i 0 —<— : : : : :
0.01+ 7 e | 200 | 16161 | 657457 | 661119 | 6380.23 o orsent 5.1726-00: dopot1a Dose Crmax
E 8 _._ | 500 | 5499 | 548650 | 549220 | 509590 00n Y e ted Tarcet Dose  Crax
0.001", . . . . . [9 —« | 15.00 | 176.03 | 987045 | 990078 | 971461 T . e gerp";De arge (mglkg) _ (ng/ml)
5 —~ , : — 83 : : : : :
0 100 2_?8” . (:r))n(?r?) 400 5005 200 | 284.85| 10064.82| 10076.36 | 9999.78 210 o e TG (FOA-approved abe) giz 3o In conclusion, a MDZ dose of 0.65 mg/kg, IM, in rats is estimated to yield the same plasma expo-
_ | | max . . . . . . .
Fig. 1. MDZ plasma levels following intramuscular administration of |11 —*— | 1500 | 178.08 | 972260 | 9732.96 9651.33 % 100~ 1 7101 Crax + SD 0gs 1448 sure (Cmax) as obtained with the recommended Seizalam® dose in humans and is proposed as
MDZ (0.9 mg/kg) in rats. Blood was collected through permanently | 12—o— | 15.00 | 138.86 | 10537.20 | 10542.48 10097.97 S * ' ' the appropriate dose to be administered in rat models to mimic the human dosing.
implanted jugular vein catheter at 0, 2, 5, 15, 30, 60, 120, 240, 300, O 50 — T T 11 191.41
360 and 480 min. Data points represent values from individual | 13—e— | 9.00 | 257.39 | 9528.01 9540.77 9471.61 05 07 09 141

animals as shown in Table 1.

Dose (mg/kg)
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