OVERVIEW

Purpose

— High-throughput determination of small molecules with accuracy, sensitivity and repeatability.
— Laser Diode Thermal Desorption technology (LDTD).

Method

— Midazolam and 1-hydroxymidazolam spiked in human plasma.

— Deuterated ISTD added into the samples.

— Liquid-liquid extraction with MTBE/hexane.

— Nominal calibration range : 0.5 ng/mL to 250 ng/mL.

— QC'’s concentration : 1.5 ng/mL, 15 ng/mL and 200 ng/mL.

— LDTD-APCI-MS/MS analysis : Laser Diode Thermal Desorption coupled with triple
guadrupole mass spectrometer.

Results

» Excellent linearity over the calibration range (R2> 0.997).

» Excellent accuracy ranging from 94.9 and 112.2 %.

» Excellent precision ranging from 1.3 and 10.9 %.

* No matrix effect and carryover and no metabolite back-conversion.

e Ultra-fast sample-to-sample analysis : 8 seconds per sample (4 seconds for sample
desorption).

INTRODUCTION

High-throughput determination of small molecules has become an important part for the
pharmaceutical industries, such as drug discovery and quality control. It is also an economical
issue for many contract research organizations (CRO). LDTD-MS/MS is used for high-
throughput analysis of midazolam, a well-known benzodiazepine derivative and it's phase |
metabolite, 1-hydroxymidazolam . The characteristics of the LDTD system are :

LDTD (Figure 1)

— Plug-and-play ionization source interface to most popular mass spectrometer.
— Thermal desorption induced by a laser diode.

— The sample is carried by a carrier gas to a corona discharge region for APCI.
— Loader up to 10 LazWell™ plates.

Figure 1 Schematic of the LDTD ionization source.

LazWell ™ Plate (Figure 2)

— Standard 96-well plate format.

— Low volume delivery (from 1 to 10 pL of sample per well).
— No carryover.

— No enhancement matrix needed.

— No sample desalting needed.

— No liquid mobile phase needed.

— Sample dried at room temperature.

Figure 2 LazWell™ sample plate.

METHOD

Instrumentation (Figure 3)

— LDTD model T-960, Phytronix Technologies . ;
— TSQ® Quantum™ Ultra AM, Thermo Fisher Scientific I
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MS Parameters
— APCI (+)
—Scantime: 0.05s
—Qlwidth: 0.70 amu
— Q3 width: 0.70 amu Vs
—Tubelens: 77V e
—CE: 27 V (Ar) |
— SRM transition (Table 1)

Ik

‘jflluwfﬁ; ’
(!IH L

Figure 3 LDTD-MS/MS analytical system.
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Midazolam MW 325.78 g/mol 1-hydroxymidazolam MW 341.77 g/mol
SRM 326.04 — 291.04 SRM 342.03 — 203.00
N

D
Midazolam -d4 MW 329.78g/mol 1-hydroxymidazolam-d4 MW 345.77 g/mol
SRM 330.00 —295.00 SRM 346.00 — 203.00

Table 1 Chemical structure, molecular weight, and SRM transition for the target
compounds and ISTD.

LDTD Parameters

— Laser power pattern :
— Increase laser power to 40 % in 2.0 s
— Hold at 40 % for 2.0 s
— Decrease laser power to 0 %
— Carrier gas flow : 3.5 L/min (Air)
— Corona voltage value : 5 kV
— Deposited sample volume: 2 uL

Sample Preparation

— 100 pL of human plasma

— 10 pL of ISTD solution (ISTD at 100 ng/mL in plasma)

— Vortex 1 min.

— 3 mL of MTBE and 1 mL of hexane

— 50 pL of ammonium hydroxyde solution (6.0 % v/v)

— Vortex 5 min.

— Isolate and evaporate the organic layer at 40 °C to dryness
— Reconstitute in 500 pL of Water:Acetonitrile (75:25 v/v)

— Sonicate 1 min.

— Vortex 1 min.

— Transfer Manually 2.0 pL onto LazWell™ to perform LDTD-MS/MS analysis
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RESULTS

Calibration Curves

The calibration curve were evaluated over a nominal range of 0.5 ng/mL to 250 ng/mL (Figure 4). The linearity
were excellent for all compounds (Table 2).

Table 2 Calibration curves parameters.

Midazolam 1-hydroxymidazolam
R° 0.9990 0.9970
Slope (area ratio/concentration) 0.01002 0.01057
y-abciss 0.00123 -0.00203
Weighting factor 1/x
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Figure 4 Calibration curves for A) midazolam, and B) 1-hydroxymidazolam

Within-run Accuracy and Precision

The within-run accuracy and precision were evaluated with quality controls. The LDTD shows an excellent
accuracy of 95 % for midazolam and from 95.8 % and 112.2 % for 1-hydroxymidazolam (Table 3). The precision
was excellent with values from 1.3 to 10.9 % (RSD).

Table 3 Within-run acuracy and precision for Midazolam and Hydroxymidazolam analysis

Midazolam 1-hydroxymidazolam
QC1 QC2 QC3 QC1 QC2 QC3
Nominal conc. 1.5 15 200 1.5 15 200
N 3 3 3 3 3 3
Mean 1.42 14.3 190.0 1.68 15.7 191.6
RSD (%) 10.9 6.0 1.3 3.8 4.3 1.6
% Nominal conc. 94.9 95.0 95.0 112.2 104.8 95.8

LDTD-MS/MS versus LC-MS/MS for Unknows Quantificati  on

The midazolam concentrations for 6 unknows obtained the LDTD-MS/MS and LC-MS/MS were in close
agreement with each other (Table 4). The majority of the difference between the LDTD and the LC approach is
within 12 %.

Table 4 Midazolam concentration of unknows obtained with LDTD-MS/MS and LC-MS/MS
LDTD-MS/MS LC/MS/MS % Difference *

6.15 6.37 3.5
6.36 6.28 1.3
2.14 2.54 15.7
2.71 2.56 5.9
5.37 4.83 11.2
5.00 4.68 6.8

*Based as LC/MS/MS produce the true value

Back-conversion Evaluation

1-hydroxymidazolam, a phase | metabolite of midazolam may back-convert during
the thermal desorption and/or the ionization process and might affect the
midazolam quantification. To evaluate this effect, 5 ng of 1-hydroxymidazolam was
analyzed in LDTD-MS/MS and the SRM transitions of midazolam and 1-
hydroxymidazolam were monitored (Figure 4).

The back-conversion of 1-hydroxymidazolam affect the midazolam quantification by

less then 0.2 % (Table 5) which allow the accurate quantification of midazolam
samples in the presence of 1-hydroxymidazolam.

Table 5 1-hydroxymidazolam back-conversion effect on midazolam signal.

1-hydroxymidazolam Midazolam 0 :
area count area count b Bk coersion
44885137 78882 0.18
44090203 80390 0.18

High-Throughput LDTD Analysis
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Figure 4 LDTD-MS/MS signal for a
5 ng of 1-hydroxymidazolam sample
at midazolam and 1-hydroxy-
midazolam SRM transitions

The analysis sequence - Coronna discharge stabilization (2.0 seconds)

- Sample desorption (4.0 seconds)
- Baseline stabilization (2.0 seconds)

These steps lead to a sample-to-sample run time of 8 seconds __ offering high-troughput reserpine analysis.

Desorption Profiles
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Figure 5 Desorption profile for 2 calibration standards for A) midazolam, and B) 1-hydroxymidazolam.

CONCLUSIONS

— Ultra-fast midazolam and 1-hydroxymidazolam thermal desorption in 4.0 seconds.

— Excellent signal linearity over 0.5 to 250 ng/mL.
— Excellent Accuracy and Precision based on QC’s anal  ysis.
— Low metabolite back-conversion (< 0.2 %).

— Suitable method for drugs gquantification in human p lasma.




