Technologies

«Qur work illustrates a high throughput work flows for the analysis of a
parent drug and metabolite in human plasma.

+This involves 96-well SPE sample extraction using an automated SPE
workstation.

*The extracts are then evaporated to dryness, reconstituted, and
spotted onto a 9Bwell plate specific for Laser Diode Thermal
Desorption (LDTD) onto a tandem MSMS.

*Gurrent technology for this work extracting 96 columns and performing
an LCMSMMS analysis would require approximately 10 hours for the
clean-up and separation. Our high throughput wiorkflow resulted in an
approximately 10 fold reduction in time to 1 hour for the 96 well
extraction and LDTD-MSMS analysis.

-We I/\ll|| presem data showing a decrease in sample time while
orimp g the reproducibility ofthe data.

INTRODUCTIO

+In pharmaceutical laboratories, the pressure is on to increase sample
throughput while decreasing human intervention. In an effort to meet
this demand, we developed a high throughput workflow for the analysis
of Midazolam, a well-known benzodiazepine derivative and its phase |
metabolite, 1-Hydroxymidazolam. This workflow allows the automated
solid phase extraction of the compounds and their analysis in tandem
mass spectrometry using a Laser Diode Thermal Desorption (LDTD)
ionization source knowin for its speed of operation.

+An automated liquid handler system is usedto extract 96 SPE samples
at the same time reducing the sample preparafion time and human
manipulation. On the analytical side, an LDTD4ISAS system is used
as a shotgun approach where no chromatographic separation is invalved
prior to the MSMS analysis, reducing the analytical fime significantly.
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OVERVIEW METHOD

Sample Preparation

=500 pL Human Plasma.
= Intemal Standard Diazeparn-t5 at 200 ngAnL
=500 pL0.1 kW Phosphate Buffer pHE.0.

Extraction Method

= SPE performed an Caliper Life Science's Zephyr™ SPE Workstation
= SPE Flate: UCT, LLC 96-WWell SPE plate Part #WORDAUT

- 5PE Method
Condition Step
900 pL hMethanol
900 UL DI Vater
900 pL 01 M PO, Buffer pH B0

acuum = 30 sec
“ACuUm = 45 sec
“acuum = B0 sec

Load Sample
1000 uL Sample “acuum = 100 sec
Wash

1050 uL DI Water

1050 pL 20% ACK/B0% PO, buffer
1800 pL Methanol

“acuum = 45 sec
“acuum = 600 sec
acuum = 500 sec

Elution

800 uL Ethyl Acetate with 2% NHOH  Macuurn =20 sec
G000 UL Ethyl Acetate with 2% MH,OH “acuum =20 sec
A00°JL Ethyl Acetate with 2% MH,OH ‘vatuum = 45 sec

- Post Extraction -
The sample is evaporated fo drypess in a TurboVafe at 35°C. The dry plate is
reconstituted with 200 uL of 5050 Methanal¥vater and then diluted 1:10 with Ethyl
Acetate containing 90 pg/ml of stearic acid:

= Analysis:
2 JL of the reconstituted extracted Samples were deposited in a LazVvell™ 96-well
plate. The solvent evaporates at room temperature.

LDTD-MS/MS Parameters

LDTD Param eters
~Lager power paftern
—Increase Jaser pover to 55%in 2.0 sec.
—Hold 55 % for 10 sec
—Decrease laser poner o0 %
—Garrier gag fow 3Limin (Airy
—Corona voltage value 1Ky
~Deposited sample volume: 2L

MSiMS Param eters
—Santime: 0043
—01 width: 070 amu
—0Q3 width: 070 amu
~103 gas pressure (Ar): 1.5 mTorr
—SRM transtion (Table 1}

Table 1 SRM transition and collision energy.

Metabolites a1t () 03 (mz) Collision Energy (V)
Diazeparr-ds 2302 1581 27
1-Otmidazolam H21 a3 o
Midazalam 3260 210 n
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RESULTS

Manual v. Automated Well Spotting

Comparison of manually spotting to using the Zephyr SPE Workstation to spot the
Laz\¥ell 96-well plates. One sample rlale was prepared with Blasma spiked with

known concentrations of Midazolam, 1-Hydroxymidazolam and Diazepam-d5 as an
internal standard (1S). This plate was extracted following the specified method using
the Z%pgyr SPE Viorkstation. The plate was evaporated, reconstituted and diluted as
specifie

From this énlate the Zephyr SPE Vorkstation was used to derosit 2 pL spots in a
Laz\Well 96-\\ell plate. From the same plate, Laz\ell 96-Viell plates were spotted
manually. The 2 spotted plates were analyzed using the LDTD-S/MMS detection. The
raw signal in terms of area count as well as the nomalized area ratio (with IS) was
compared for precision ofthe manual versus automated spotting technique.

As shown in Table 2, spotting the Laz\Well plate with 2}JL using a robotic device
qumfcanlIy increases the precision by approximately 4%. The normalized signal
?we the same precision which indicates that the robofic device adequately corrected

r the volume spotted. However, spotting manually takes at least 10-times more time
than the robotic device.

Table2 Relative standard deviation (RSD) on raw and normalized signal for
manual and robotic wel spotting

RSD
Plate spetting Analyte e ";;““ ;
Dizzepam-ds 148 =
Manual Midazolam 158 42
OH-Micazolam 18.7 w8
Dizzepam-cg 1.8 -
Robot Midazolam 15 43
CH-Midazolarm 123 78

Increased Throughput Workflow

In ourwork the increase in throughput work flows primarily comes from 2 areas:
a) the SPE step and b) the analysis step

SPE Extraction- Mahual Extraction v, Automated Liguid Hahdling

«Running 96 samples manually in a vacuum box, and experienced operator can
process each sample in 2 minutes, x 98 samples = 192 minutes.

+Using an automated workstation with a 96 well plate the entire plate of 98
samples is completed in ~40 minutes.

Analysis- LC/MSMS v, LDTD-MS/MS
«Many labs are using LCMSMMS for analysis, requiring about an average of 5

minutes chromatography fime per sample,x 98 samples is 430 minutes.
+ The higher throughput option is LTDT-MS/MS completing an entire 96 well plate
in 20 minutes.

Increased Throughput Workflow

The proposed method of lysis (Automated SPE followied by LDTD-

MSMS) leads to a ~11X increase in the throughput capability when
pared to traditional analysis workflow invelving manual SPE followed by

LCMSMS (Table 3).

Table 3 Analytical time relative to the fraditional manual SPE LE-MEMS workflow v ersus high
throughput automated SPE LDTE-MEMMS workflow.
Workflow

Traditional High Threughput

96 individual columns 0M& g5 e SPE plate on an altomted

VAL Do

SPE step 2 minutesisample 96 sam ples = ‘"’”K‘;‘,Fgwmm
LC-MSMS

Analysis step 5 minutesisample ¥ 56 samples = LDTD gﬁsﬁﬁme

Total workflow

Calibration Curve for
Quantitation e
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Using the automated system,
human plasma was spiked in order | ;
fo evaluate the linearity and the (3 .«
limit of detection for the IMidazolam
and OH-midazolam quantitation.
The calibration curve is shown in Sowm m wm wm m m
Figure 2. The * 0f 0.987 for both ikl

analytes are excellent and the LOD
was estimated to be 1 ng/mL
based on the blank signals.

CONCLUSIONS

Comparison of the manually spotted to robofically spotted Laz\i/ell 96-\i/ell
plates shows less variability of the signal area for the robotically spotted plates
than the manually spofted plates.
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Figure2 Calibration curve for
Iidazolam and OH-iidazolam.

Vihen the same data is normalized against the Diazepam-d5 intemal standard,
both plates show comparable results indicating good precision and accuracy
and limited variations in LDTDAMSHS sampling volume.



