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Redefining C
Research As

Boost your lab’s performance with a
platform built for both established and
next-gen workflows: implement proven
LC-MS workflows today and be ready for
chromatography-free DART-MS innovation
tomorrow — only on the EVOQ® DART-TQ*.

Mass spectrometry enables sens%ve
accurate, and precise analysis of ¢ lex
samples outperforming conventional .
technologies. Bruker's EVOQ® DART iy
brings the power of Triple Qu druﬂole-bo
Mass Spectrometry (TQ- I\/IS) \.,,...
clinical research labs in a fast, easy—\v\
to-use system. In collaboration with "
RECIPE Chemical + Instruments Gmb‘l—l
this system supports both LC-MS-based
ClinMass® kits and future chromatography-
free DART-MS-based CIinDART Kkits

— offering unmatched flexibility and
throughput.




The double advantage of
EVOQ® DART-TQ*

Bruker as a leading provider of mass
spectrometry and RECIPE as a world-
leader in clincial chemistry consumables
have combined the reliability of kits for
clinical research application with the
analytical specificity and sensitivity of the
EVOQ® DART-TQ* triple quadrupole mass
spectrometer.

The EVOQ® DART-TQ* is the only instrument
that can switch fast and easily between
conventional LC-MS and fully integrated
chromatography-free DART-MS technologies.
Built for high-throughput analysis, it combines
performance and ease-of-use in a reliable,
low-maintenance platform that enables

both established LC-MS methods, such

as RECIPE's ClinMass, and transformative
chromatography-free DART-MS workflows,
such as the novel ClinDART Kkits.




Direct Analysis
N Real Time
Mass Spectrometry

DART-MS is a groundbreaking ionization technology that
simplifies and accelerates chemical analysis.

It allows for the rapid examination of solids, liquids,

and gases in their natural state with minimal sample
preparation. By eliminating the need for chromatography
during analysis, DART-MS ensures a straightforward,
rapid approach to chemical testing.




Analyze More, Faster
with DART-MS

High throughput

A full plate of 96 samples is analyzed in 42 min. A robot changes
sample plates automatically for unattended high-throughput use.

Chromatography-free

Eliminating the need for chromatography in certain applications
can simplify workflows, reduce costs and highly improve
instrument uptime. The mass spectrometer can be operated by
less experienced lab personal.

High performance

High sensitivity and robust quantitation in a system that is up to
15 times faster than LC-MS.

Sustainable

Reduced solvent consumption lowers costs, minimizes waste,
and supports a more environmentally responsible workflow.

Accessible
From novice to experienced, the DART-MS technology aims to

make mass spectrometry more accessible in routine clinical
settings.




Analysis of/Antl&mycot- cS
Using the Bruker :
EVOQ® DART-T

This study presents the results obtained for
the analysis of 8 antimycotics in serum with
the ClinMass® TDM Platform MS9000 and
the ClinMass® Add-on Set MS9600 (RECIPE
Chemicals + Instruments GmbH, Munich).

Introduction

Impact of fungal infections on immuno-
compromised patients

Fungal infections, predominantly aspergillosis
and candidiasis, can cause morbidity or even
mortality, particularly in immunocompromised
patients. Although current estimates of fungal
disease incidence and mortality are impre-
cise, attributable mortality rates suggest an
annual incidence of 6.5 million invasive fungal
infections and 3.8 million deaths, of which
about 2.5 million were directly attributable [1].
Patients with acute leukemia undergoing mye-
losuppressive chemotherapy and allogeneic
stem cell transplant recipients are at particu-
larly high risk.

Antimycotic treatment of fungal infections

Fungal infections can be treated or pre-
vented with antimycotics (antifungal drugs,

Analysis of

Antimycotics

antifungals), which include several classes

of compounds, such as azoles (triazole, imid-
azole), echinocandine, polyene and pyrimi-
dine antifungals. Azole compounds such as
voriconazole, posaconazole, itraconazole and
its main metabolite hydroxy-itraconazole are
widely used for the management of fungal
infections as a result of their broad-spectrum
antifungal activity. However, all triazole agents
can greatly affect serum concentrations of
other drugs (e.g. immunosuppressants).
Triazole antifungals are subject to induction or
inhibition of metabolism, thus co-medication
with interacting compounds is a common
rationale for performing therapeutic drug
monitoring (TDM). As the large intra- and inter
individual variability of pharmacokinetics of
antimycotics can be affected by many different
factors, it is important to monitor their blood
concentration in patients with life-threatening
fungal infections.
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Experimental

Analysis was performed on an EVOQ® Table 1. HPLC conditions

DART-TQ* system coupled to an Elute

UHPLC using the ClinMass®TDM Platform LC System Bruker Elute UHPLC with column oven
MS9000 (RECIPE), which included the mobile

phase, autosampler washing solution, and Colurmn ClinMass® TDM MS9030 with Prefilter

precipitation reagent, as well as the HPLC
column with prefilter. The ClinMass® Add-on

MS9032 RECIPE

Set MS9600 (RECIPE) contained all analyte- Eluent A Provided by ClinMass® MS9000 Kit RECIPE
specific components for the determination of

8 different antimycotics. Eluent B Provided by ClinMass® MS9000 Kit RECIPE
Prior to analysis with liquid chromatography- Gradient Wi i) | ety (Gl R o
mass spectrometry (LC-MS/MS), a short 1 0.00 0.600 100.0 0.0

sample preparation was carried out in order
to remove the sample matrix and to spike the
samples with internal standards. 3 0.10 0.600 70.0 30.0
100 pL precipitation reagent containing the
isotopically labelled internal standards were
added to 50 pyL serum samples and vortexed 5 2.20 0.600 2.0 98.0
for 30 seconds. After centrifugation for

5 minutes at 10,000 x g, 50 L supernatant
were transferred to HPLC vials and diluted 7 2.41 0.600 100.0 0.0
with 450 L Diluting Solution D for analysis.

2 0.05 0.600 100.0 0.0

4 2.10 0.600 40.0 60.0

6 2.40 0.600 2.0 98.0

8 3.50 0.600 100.0 0.0
Measurement of the analytes was carried Temperature 40°C
out in Multiple Reaction Monitoring (MRM)
Mode. This analytical method enables a robust Injection volume 2 L (partial loop fill)
and reliable quantitation in complex biological
matrices by use of 8 different isotope labelled Wash solution 1 Mobile Phase A

internal standards (Table 3).
Wash solution 2 Autosampler washing solution MS9005 RECIPE

Table 2. Mass Spectrometry conditions

MS system Bruker EVOQ® DART TQ*

VIP HESI (Vacuum Insulated Probe Heated

oz e Electrospray lonization)
Polarity Positive

Spray voltage 5000V (+)

Cone gas 20 psi at 350°C

Probe gas 40 psi at 450°C

Nebulization gas 40 psi

Exhaust gas Active exhaust, venturi effect with air

Acquisition mode MRM (multiple reaction monitoring)
Scan time Automatically calculated by software

Detector voltage EDR (Extended Dynamic Range)

Analysis of 2] pid
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Table 3. Retention times, MRM transitions and internal standards

Analvte Retention Precursor Product CE1 Product CE2
vt time [min] ion 1 [V]1 ion 2 [V]

5-Fluorocytosin 0.41 130.2 58.0 28.6 113.0
5-Fluorocytosin-13C, 156N2 0.41 133.1 115.0 15.8

Fluconazol 0.86 3071 238.0 9.9 220.0 12.8
Fluconazol-D4 0.86 310.9 2421 9.8

Hydroxy-ltraconazol 2.24 721.4 408.1 38.5 392.0 28.6
Hydroxy-Itraconazol-D5 2.24 726.2 413.2 38.5

Isavuconazol 2.38 438.1 224.0 28.6 369.0 28.6
Isavuconazol-13C,D4 2.38 443.1 224.0 28.6

Itraconazol 2.75 705.2 392.2 S 432.2 28.6
Itraconazol-D5 2.75 710.2 3972 375

Ketoconazol 2.03 531.1 489.0 23.7 243.9 30.6
Ketoconazol-D8 2.03 539.1 4971 23.7

Posaconazol 2.2 701.3 614.3 34.5 344.1 44.4
Posaconazol-D4 2.2 705.3 618.3 34.5

Voriconazol 1.46 350.1 281.0 10.9 127.0 5.5
Voriconazol-D3 1.46 353.0 284.0 10.9

Analysis of Development of a Rapid
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Results & discussion

with 4 consecutive injections resulting in RSD
of 0.6-3.6%. Accuracy of the QC samples was
also very good, with a mean recovery of most
QC samples at 97-104% and some at 108-
115% (Table 5). The values for precision and
accuracy are well within the range required by
common guidelines for quantitative results.

Eight antimycotic compounds (Table 3) were
analyzed in just 3.5 minutes with effective
chromatographic separation of the analytes
(Figure 1).

The linearity of calibration was excellent at R?
0.9991-1.0000 (Table 4). There was also a high
level of precision for quality control samples

00 ] W 5-Fluceocytosin {+} 130.2 > 580 [28.6v] (004) Calibrator L1_27_1_2675 [20240729_Recipe &nkimycotics_Calibeation]
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Figure 1 Chromatogram of lowest calibrator.

Table 4. Calibration results summary: RF =

Analyte Internal Standard Calibration Range
[mg/L]

response factor = relative area/quantity expected.

5-Fluorocytosin 5-Fluorocytosin-13C, 15N2 5.23-111 0.9999

Fluconazol Fluconazol-D4 0.669 - 14.1 1.0000 0.73
Hydroxy-Itraconazol Hydroxy-Itraconazol-D5 0.182 - 3.91 0.9994 6.98
Isavuconazol Isavuconazol-13C,D4 0.458 - 10.2 0.9996 2.23
Itraconazol Itraconazol-D5 0.130-2.98 1.0000 4.10
Ketoconazol Ketoconazol-D8 0.401 - 8.84 0.9994 3.1
Posaconazol Posaconazol-D4 0.231-5.42 0.9991 331
Voriconazol Voriconazol-D3 0.259 - 5.85 0.9991 6.91
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Table 5. Quantitation of Quality Control samples (4 consecutive injections).

m ClinChek - Control, Level | ClinChek - Control, Level Il

Specified | Actual Value, Mean Specified | Actual Value, Mean
Analyte Recovery Recovery
[%] [%]

5-Fluorocytosin 211 21.7 103 1.2 50.3 49.3 979 1.3
Fluconazol 2.70 2.70 99.8 1.2 6.14 6.09 99.1 0.7
Hydroxy-Itraconazol 0.729 0.795 109 1.0 1.72 1.69 98.4 3.6
Isavuconazol 188 2.00 100 0.8 4.59 4.56 99.4 1.0
Itraconazol 0.592 0.641 108 1.1 1.41 1.46 104 0.6
Ketoconazol 1.73 1.72 99.4 1.6 3.92 3.89 99.2 1.7
Posaconazol 0.922 1.06 115 24 2.25 2.40 107 3.0
Voriconazol 1.15 1.14 99.4 0.8 2.67 2.60 973 1.2
Conclusions

The Bruker Elute UHPLC coupled to the
EVOQ® DART-TQ* generates quick and reliable
LC-MS/MS quantitative results using the
ClinMass® TDM kit system. Low sample
requirements (50 pL serum), easy preparation,
and short run time (3.5 minutes) support high
LC-MS/MS sample throughput. Linearity of
response, sensitivity, precision, and accuracy
of the 8 antimycotic compounds in serum
analyzed by the EVOQ DART-TQ* were
outstanding.
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Chromatography-free Mft
for the Quantification "

of 8 Antimycotic D
by DART-MS/MS fa

Purposes

Abstract

This study demonstrates that DART-MS/
MS has the potential to provide a chromato-
graphy-free approach for rapidly quantifying
antimycotics in serum.

Introduction

Many drugs require optimal blood levels to
function properly. Therefore, the quantitative
determination of drug concentrations is a
crucial measure to ensure effective and safe
medication. Investigations using conventional
LC-MS/MS analysis take ~5 minutes per

run which means when blanks, calibrators,
QCs, and patient samples need to be
analyzed, the number of analyses can build
up to several hours of turnaround time for a
result. The study aims to demonstrate that
rapid, quantitative analysis of eight common
antimycotic drugs in serum using DART (Direct
Analysis in Real Time) is, in principle, feasible.

Development of a Rapid

A maximized throughput can be achieved
with an analysis time of 26 sec/sample or 96
samples in less than 42 min.

DART employs a helium-driven corona
discharge to ionize compounds. The analysis
was performed using the EVOQ® DART-TQ*
(Bruker Daltonics) triple quadrupole mass
spectrometer with a fully integrated DART
ion source. The single-point-of-entry software
enables automated data acquisition and
processing to empower a most efficient
workflow.

Chromatography-free MS Method

-
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Experimental

J

- 50 pL serum Vortex
- 20 pL ISTD solution
- 100 pyL Extraction solution

Figure 1. Chromatography-Free Workflow

A new extraction method was developed

with a focus on optimization for DART-MS/
MS analysis. This easily automated extraction
process used labelled internal standards for
each compound. Liquid-liquid extraction (LLE)
involved mixing 50 pL of serum or plasma
sample, 20 pL of the internal standard solution
and 100 pL of the organic solvent before
centrifugation.

Aliquots of the organic layer from each
calibrator, quality control sample and blank
were transferred onto a QuickStrip HTS-96
mesh and dried at room temperature for five
minutes. The mesh was then loaded onto

the EVOQ DART-TQ* mass spectrometer

for analysis (Fig. 1). Mass transitions were
evaluated to maximize sensitivity while
ensuring that the background would not affect
accuracy or reproducibility.

Centrifuge

-Transfer 3.5 pL to - DART-MS/MS
DART mesh Analysis
- 26 secs

The MRM Builder tool was used to optimize
analyte-specific collision energies and mass
transitions including confirmatory ions for
all eight antimycotics (table 2). DART gas
temperatures and grid voltages were tested
across the instrument range to identify
suitable settings for the entire panel. Cone
temperature and cone gas were tuned to
maximize ion transmission and keep the
instrument clean. JumpShot was selected for
the analysis at 4 seconds per spot.

The volume of the sample spotted onto the
mesh was evaluated, as this can affect signal
intensity and reproducibility depending on

the composition of the sample and solvent.
Similarly, the DART acquisition mode,
acquisition time and MS scan times were
optimized to maximize reproducibility {table 1).

Figure 2. EVOQ® DART-TQ* triple quadrupole mass spectrometer with a fully integrated DART ion source.

Development of a Rapid
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Table 1. Analytical Instrument conditions

MS system

lonization

Polarity

Cone Temperature
Cone pressure
DART Temperature
Grid Voltage

CID Pressure

DART
Positive
275°C /350°C
23 psi

300°C /400°C
50V

2.0 mTorr

Bruker EVOQ® DART-TQ*

Exhaust gas Active exhaust, venturi effect with air

Acquisition mode MRM (multiple reaction monitoring)
Scan time 40ms

Detector voltage EDR (Extended Dynamic Range)

Table 2. MRM Transitions of analytes and isotopically labeled internal standards

Analyte/ISTD Quantifier MRM

Precursor [m/z] Product [m/z] V
5-Fluorocytosine 130.1 113.1 14.8
Fluconazole 306.9 238.0 7.9
OH-ltraconazole 721.2 408.2 34.5
Isavuconazole 438.1 224.0 10.9
ltraconazole 705.2 392.2 29.6
Ketoconazole 531.1 489.1 26.6
Posaconazole 701.3 614.3 30.6
Voriconazole 350.0 281.0 1.8
5-Fluorocytosine-13C,15N2 133.1 115.1 14.8
Fluconazole-D4 310.9 2421 79
OH-ltraconazole-D5 726.2 413.2 34.5
Isavuconazole-13C,D4 443.1 224.0 10.9
ltraconazole-D5 710.2 3972 29.6
Ketoconazole-D8 539.1 4971 26.6
Posaconazole-D4 705.3 618.3 30.6
Posaconazole-D4 353.0 284.0 11.8

Qualifier MRM

b-Fluorocytosine 130.1 58.1 31.6
Fluconazole 306.9 121.0 34.5
OH-Itraconazole 721.2 256.2 33.6
Isavuconazole 438.1 369.0 18.8
Itraconazole 705.2 255.7 29.6
Ketoconazole 531.1 244.0 35.5
Posaconazole 701.3 3441 39.5
Voriconazole 350.0 224.0 11.8

Development of a Rapid
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Results

Linearity was evaluated by preparing Intra- and interday precision were determined
five replicate calibration series in serum using matrix-matched quality control samples
at 12 levels, which covered the relevant (QCs) prepared at three concentration levels.
concentration ranges. The method The intra-day precision was determined by
demonstrated excellent linearity (R? > 0.995), analysis of 20 replicates per level in a single
with acceptable %CV shown by all run while the inter-day precision study was
compounds at all levels (table 3). The LOD performed over five days, with four time

and LOQ values obtained in this study were points per day. All results for both precision

sufficiently sensitive to measure the relevant studies were within acceptable limits (table 4)
concentrations of all eight antimycotic drugs.

Table 3. Results for the linearity test.

Fit type and Linear range

5-Fluorocytosine linear, 1/x 0.997 1.06 - 222

Fluconazole linear, 1/x 0.999 0.134 - 28.2
OH-Itraconazole linear, 1/x 0.997 0.091 -3.91
|savuconazole linear, 1/x 0.999 0.229 -10.2
ltraconazole linear, 1/x 0.995 0.065 -2.98
Ketoconazole linear, 1/x 0.999 0.080 - 17.7
Posaconazole linear, 1/x 0.996 0.046 - 5.42
Voriconazole linear, 1/x 0.997 0.259 - 5.85

Table 4. Intra and Interday Precision Results.

_ 5-Fluorocytosine Fluconazole OH-Itraonazole Isavuconazole
| [l | [l | Il | Il

I I I I
Target Value [mg/L] 523 378 111 0669 471 141 0182 131 391 0458 35 10.2
Intra-day precision [CV]  2.6% 17% 25% 29% 25% 25% 81% 36% 56% 19% 15% 2.1%
Interday precision [CV]  4.7% 6.6% 6.1% 75% 24% 16% 129% 6.1% 6.1% 3.0% 25% 2.7%

_ Itraconazole Ketoconazole Posaconazole Voriconazole
| [l | [l | Il | [l

I I I I
Target Value [mg/L] 0.13 0968 298 0401 299 884 0231 175 542 0.259 2.08 5.85
Intra-day precision [CV] 10.9% 6.6% 4.9% 20% 17% 25% 84% 36% 66% 102% 27% 4.3%
Inter-day precision [CV]  14.3% 6.9% 6.3% 39% 22% 24% 11.7% 69% 77% 137% 3.1% 2.6%

Development of a Rapid

Chromatography-free MS Method




Stability of extracted samples after spotting on
the mesh was verified at room temperature
over 7 hours.

A method comparison study was performed
by analyzing patient samples using both
Bruker DART-MS/MS and a respective
commercially available LC-MS/MS kit from
RECIPE Chemicals + Instruments GmbH. The
newly developed DART method correlated
well with the LC-MS/MS measurements

(R? > 0.99) with a slope of nearly one (fig. 2).

Voriconazole

No interference was found in this study

for 144 substances incl. antiepileptics,
neuroleptics, antidepressants, and
benzodiazepines. LOD and LOQ values
obtained in this study were sufficiently
sensitive to measure relevant concentrations
for all eight antifungal agents. In this study,
matrix effect and extraction efficiency
experiments met criteria, confirming the
method's reliability in serum and plasma.
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Figure 3. LC-MS/MS Correlation
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Conclusions

The data of this study provides initial evidence
that the chromatography-free DART-MS/

MS method could be suitable as a rapid

and reproducible workflow for quantifying
eight common antimycotic agents in serum
and plasma. The time per sample analysis is
reduced 10x from 5 min for LC-MS/MS to
<30 sec for DART-MS/MS allowing for fast
turnaround of sample results. This clinical
research work also shows promise for
expansion to further compound classes such
as antiepileptics, tricyclic anti-depressants,
and antibiotics.

Development of a Rapid
Chromatography-free MS Method

96 samples can be analyzed in less than

42 min. Beyond faster analysis and rapid
turn-around-time, minimal solvent and gas
usage further reduces operational costs and
supports green chemistry.




| earn more

Dive deeper into the topic of clinical research with' DARTand 4 i 5
find further information and exclusive content here: = F o i . %

bruker.com/clindart-clinmass

Explore a curated library of documents
on our online platform.

Follow Bruker Applied Mass Spectrometry on LinkedIn
for the lastest news, events and industry updates.
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