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User Benefits

@ lon exchange online SPE-LC-MS/MS is integrated to enable automated sample cleanup.
@ This method allows simultaneous analysis of drugs with low hydrophobicity.
@ Achieving a high throughput of 3.7 minutes per sample without sacrificing excellent quantitative performance.

B Introduction

A multiplexed 4-channel LC-MS/MS system switches between a
maximum of four sample introduction streams, enabling a single
mass spectrometer to operate continuously. Online solid phase
extraction (SPE) automatically reduces LC-MS/MS matrix effects
in and enriches the analyte to increase reproducibility and
sensitivity without complex manual sample cleanup. By combining
these technologies, a multiplexed 4-channel online SPE-LC-
MS/MS system maximizes ruggedness and robustness, while
simultaneously increasing sample throughput. (See Fig.1). This
study evaluated sample throughput and quantitative performance
for drugs in fortified plasma samples.
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Figure 1: Layout of the multiplexed 4-channel LC-MS/MS system. Nexera
QX is composed of four quaternary pumps for online SPE, four binary pumps
for analysis, a quaternary pump for needle inner rinse, an autosampler, and a
column oven. Nexera QX is equipped with one triple quadrupole mass
spectrometer, the LCMS-8060NX.

B Analytical Conditions and Samples

Materials

Human plasma was purchased from Golden West Diagnostics,
LLC (US). Standard solutions of 17 drugs were obtained from
MilliporeSigma (US). LC-MS grade water and methanol were
purchased from Honeywell (US).

Calibrators and QC samples

The protein precipitation was conducted by mixing of 100 pL of
human plasma and 300 pL of acetonitrile, then vortexed for 1
minute. After centrifugation for 10 minutes at 10,000 rpm, 90 pL of
supernatant was combined with 10 yL of standard solution. After
mixing sufficiently, the mixture was transferred into an LC vial.

MAYI series online SPE column

Automated online sample preparation eliminates errors from
manual handling and optimizes throughput. In this experiment,
a newly designed online ion exchange column, the Shim-pack
MAY| 2 WCX-60, was used. This online SPE column is highly
effective for deproteinization and offers long-term stability.
Hydrophilic polymer coating technology helps to remove
macromolecules, such as protein, from biological samples.

Table 1: LC conditions

System: Nexera QX

Online SPE conditions

Shim-pack MAYI 2 WCX-60

Trap column: (1.0 x 50 mm)

Mobile phase A: Water

Mobile phase B: 0.1% formic acid in 20% methanol
Mobile phase C: Methanol

Mobile phase D: 10 mmol/L ammonium acetate in water

Analytical conditions

Shim-pack Scepter C18-120

Analytical column: (3.0 uym, 2.1 x 50 mm)

Mobile phase A: 0.1% formic acid in water
Mobile phase B: Methanol
tCecr)rI]L:)Tn oven 40 °C
Injection volume: 10 L

Table 2: MS conditions
System: LCMS-8060NX
lonization: Heated ESI
Interface Temp: 400°C
DL temp: 250°C

Heat Block Temp: 500°C

Nebulizing Gas: 3.0 L/min

Heating Gas: 10 L/min

Drying Gas: 10 L/min




Multiplexed online SPE-LC-MS/MS system

The 4-channel online SPE-LC-MS/MS system was composed
of a Nexera QX and an LCMS-8060NX triple quadrupole mass
spectrometer. An ion exchange online SPE column was
utilized for automated sample cleanup. The analytical
conditions are shown in Tables 1 and 2. The pump conditions
are described in Figure 2 and valve positions which control the
flow path are shown in Figure 3.
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Figure 2: The pump conditions for online SPE and analysis. Steps
(a) to (d) are equivalent to those described in Figure 3. The cycle
time in an individual stream is 8.5 minutes which includes online
sample cleanup and column washing. MS detection was conducted
from 2.6 min to 4.6 min.

H Results

Calibration curves and QC check

An MS chromatogram of 17 drugs in a spiked plasma sample
(equivalent to 100 pg/uL in plasma) is shown in Figure 4.
Calibration curves (Figure 5) were prepared from fortified samples
using the optimized method. The calibration curves demonstrated
good linearity with R? > 0.998. Quantitative accuracy was
evaluated with QC samples at three concentration levels. Table 3
shows the accuracies of each QC sample. Accuracies for all drugs
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Figure 3: Schematic of online SPE-LC-MS/MS analysis. (a)
Analytes are trapped in the ion exchange online SPE column. (b)
Analytes are eluted with acidic solvent in the loop and transferred
to the analytical column. (c) Gradient separation is performed with
the analytical column. The online SPE column is washed, and the
loop refilled with the solvent for the next run. (d) Both columns are
equilibrated.

Throughput improvement

QX Solution is the control software for the Nexera QX, featuring a
clear and intuitive user interface that simplifies the creation of
complex multiplexing methods. It streamlines valve control,
gradient formation, and injection timing, ensuring a highly user-
friendly experience. QX Solution’s timing calculator is shown in
Figure 6. The cycle time of this multiplexed drug assay was 3.7
min/sample, including automated sample cleanup, while the
analogous single-stream LC-MS method takes 8.0 min/sample.
This means that the 4-channel multiplexed system almost doubles
sample throughput while maintaining excellent quantitative
performance.
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Figure 4: MS chromatogram of 17 drugs in fortified plasma (equivalent to 100 pg/uL).



Amphetamine 0.2-200 pg/pL

7= 19997585

Q 2 £ &0 ] 100 120 140 1680 180 20
Conc.{ppk]
Q 2:3 i:) :IJ &I] 1.10 153 IiI-J I:I"D
#= Codeine 0.2-200 pg/pL
3
2193353+ 1365558
09985215 R = 09202555
1.095 ]
a x & &0 o 100 120 140 160 180 i)
Conc.{ppb)
Fentanyl 0.5-200 pg/uL
2475575+ T200042
09993504 R = 09996752
I'M;
3 T T T T T T T T T T
o 2 0 a0 20 100 120 140 180 180 20
Conc {ppt)
Hydrocodone 0.2-200 pg/pL
3222500~ 1108108
R = 09209220
5065
a x i &0 o 100 120 140 160 180 i)
Conc.{ppb)
#= Hydromorphone 0.5-200 pg/uL
2451 Tx - 9246471
09985652 R - 09992823
. T T T T T T T T T T
o 2 0 a0 20 100 120 140 180 180 20
Conc {ppt)
== MDA 0.5-200 pg/pL
1.5 L)
255+ 25131.40
09978252 R = 099870
1,067 JCurva Fic Defoul fLinaer)
Waighting Dt
:Za': Dafaul {Not fomad)
5005
a i 2:3 T ‘i:J QI] II;O 153 Iil-)l j I:Ii'l
&= MDEA 0.05-50 pg/pL
35916 5~ 2281 311
Q9991642 R = 09995820
Dafauk {Not Forad)
3 T T
Q 5 10 15 20 25 0 35 40 45 5
Conc {ppb)

Figure 5: Calibration curves for 17 drugs. Linear regression

results

demonstrated R2 > 0.998.
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Table 3: Quantitative results of QC samples for 17 drugs. Accuracy was calculated for three levels of QC samples.
The accuracies obtained for all drugs fell within the range of 85% to 115%.

Low QC MQc HQC
Compounds Spiked Measured Accuracy Spiked Measured Accuracy Spiked Measured Accurac
Conc Conc %) Conc Conc (%) Conc Conc y
0, 0,
(pg/uL) (pg/uL) (pg/uL) (pg/uL) (pg/uL) (pg/uL) (%)
Amphetamine 1.5 1.40 93 15 15.7 105 150 145 97
Buprenorphine 1.5 1.42 95 15 13.8 92 150 138 92
Codeine 1.5 1.63 109 15 16.4 109 150 144 96
Fentanyl 1.5 1.39 92 15 15.2 101 150 142 95
Hydrocodone 1.5 1.40 94 15 14.1 94 150 143 96
Hydromorphone 1.5 1.40 94 15 14.8 98 150 144 96
MDA 1.5 1.62 108 15 16.3 109 150 144 96
MDEA 0.15 0.14 93 1.5 1.38 92 15 14.6 98
MDMA 0.15 0.13 88 1.5 1.37 91 15 14.6 97
Meperidine 0.15 0.16 108 1.5 1.36 91 15 14.2 95
Methadone 0.15 0.15 102 1.5 131 87 15 14.9 100
Methamphetamine 0.15 0.15 101 1.5 1.40 93 15 15.2 101
Naloxone 1.5 1.30 87 15 15.0 100 150 142 95
Naltrexone 1.5 1.34 89 15 16.5 110 150 146 97
Oxycodone 1.5 1.42 95 15 14.6 98 150 139 93
Phentermine 0.15 0.16 103 1.5 1.45 97 15 15.7 105
Tramadol 0.15 0.15 101 1.5 1.36 91 15 14.9 100
Timing Calculator
Parameters
Legend v
Autosampler
Autosampler 1-» - - .. -
Pretreatment Margin: 0.50 | min
Post Treatment Margin: 0.50 | min
sream 1 | —
LC Stop Time: min
Stream
Gradient Program Run Time: min Stream 2 _
Detector
Detector Start Event Time: 2.60| min Stream 3 _
Detector Acquisition Window: 2.000| min
Detector Window Margin: 0.50| min Stream 4 — /1
Other
Numberof Steamsl] 4 Detector o B D
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
Throughput Increase: 56.47 %
OK Cancel

Figure 6: Multiplexing software QX Solution’s timing calculator simplifies valve control, gradient formation, and injection timing. The calculations
show that when multiplexed, this drug assay runs 3.7 min/sample including automated sample cleanup, while the conventional LCMS method
takes 8.5 min/sample. The 4-channel multiplexed system significantly increases throughput by 56%.

B Conclusion

The Nexera QX multiplexed 4-channel LC-MS/MS system
alternates between four sample introduction streams, enabling
a single mass spectrometer to operate continuously. This
multiplexed analysis of 17 drugs in plasma increases accuracy
and efficiency by incorporating online SPE and has significantly
increased throughput over conventional methods. High
sensitivity and accuracy, together with low carryover, enable
the QX multiplexed system to achieve extraordinary quantitative
results while performing SPE and UHPLC with a single injection.
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Founded in 1875, Shimadzu Corporation, a leader in the
development of advanced technologies, has a distinguished
history of innovation built on the foundation of contributing to
society through science and technology. Established in 1975,
Shimadzu Scientific Instruments (SSI), the American subsidiary of
Shimadzu Corporation, provides a comprehensive range of analytical
solutions to laboratories throughout North, Central, and parts of
South America. SSI maintains a network of ten regional offices
strategically located across the United States, with experienced
technical specialists, service and sales engineers situated throughout
the country, as well as applications laboratories on both coasts.

For information about Shimadzu Scientific Instruments and to
contact your local office, please visit our Web site at
www.ssi.shimadzu.com
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