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INTRODUCTION
In the early stage of drug development process it is crucial to obtain information about Absorption, Distribution, Metabolism and Elimination (ADME) of a new chemical entity. In order to evaluate drug metabolism and physico-chemical properties
of increasing number of compounds in the screening process of development it is fundamental to have a very useful, practical and time-saving tool which enables to provide satisfactory and high quality data. In every field of research, whether
it is a basic biochemical analysis, pharmaceutical drug discovery, ADME/DMPK or drug monitoring in forensic laboratory, the analysis of bioanalytical samples could still be a great challenge. It is connected inter alia with necessity to determine
(very often in one run) a small amount of analytes especially in complex matrices like plasma or tissues. Moreover, the ever-increasing demands of today's scientific world imposes the need to obtain simultaneously accurate results with maximal
sensitivity in short time and without compromising high throughput of analysis. For this reason the combination of high-performance liquid chromatography and mass spectrometry (LC/MS) growth into an integral part of the drug development process.
Furthermore, using more precise instruments, like for instance HRMS (high resolution mass spectrometer) based on Orbitrap technology, gives the possibility of detection and quantitation of potential drugs in complex, biological matrices, even
if they are not fully resolved by chromatographic system. In addition, LC/MS as an information-rich technique, is supported by variety of different types of software, which allows to analyze and evaluate the data generated during drug discovery
process. Software products include the workflow, data storing, processing and reporting to name a few. Whether focused on qualitative or quantitative analysis LC/MS technique gives a broad spectrum of possibilities in the field of drug development
process. At that moment it is claimed that the overarching need in bioanalytical research is to have a tool which combines qualitative and quantitative analysis in one instrument. System which is definitely the answer for all these demands and brings
the solution is Q Exactive Focus Orbitrap Mass Spectrometer from Thermo Scientific.

APPARATUS

MATERIALS AND METHODS
ANALYTICAL SYSTEM CONFIGURATION

The Thermo Scientific Q Exactive Focus Orbitrap LC-MS/MS (Figure 1) by combining quadrupole precursor ion selection
and a high-resolution accurate-mass Orbitrap mass analyzer provides sensitivity coupled with a resolution setting of 70,000
at m/z 200, scan speed up to 12 Hz and mass accuracy equal 1 ppm. According to the specification, sensitivity for Full MS is 500 fg
buspirone on column S/N 100:1 and for SIM is 50 fg buspirone on column S/N 100:1.
There are different approaches that could be used including Full MS with high-resolution accurate- mass detection, Selected Ion
Monitoring (SIM) with high-resolution accurate-mass detection, Parallel Reaction Monitoring (PRM), and Data-Independent
Acquisition (DIA), All-Ion Fragmentation (AIF) in the HCD collision cell with high-resolution accurate-mass detection*.

LC System: Dionex Ultimate 3000
Separation Device: Zorbax Eclipse XDB 3 x 75 mm, 3.5 um
Mobile Phase A: water with 0.1% formic acid
Mobile Phase B: acetonitrile with 0.1% formic acid
Elution Flow rate: 0.3 mL/min, gradient mode (analysis time: 3 min)
Injection Volume: 3.0 uL

The example of power of high resolution of Orbitrap mass analyzer in comparison to triple quadrupole is presented
in the Figure 2a and 2b on the basis of determination of two analytes (internal compounds) with their respective monoisotopic
masses at m/z 405.

Ionization mode: ESI+
Sheath Gas Flow: 45 Arb
Aux Gas Flow: 5 Arb
Capillary Temperature: 20°C
Aux Gas Temperature: 300°C
Spray voltage: 3.5 kV

MS SYSTEM: QE FOCUS ORBI

Figure 1. The Thermo Scientific Q Exactive Focus Orbitrap
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Figure 2a. Two compounds with their respective monoisotopic masses at m/z 405 simulated at various mass
resolution settings: 70,000; 35,000 and 17,500 in QE Focus Orbitrap

Figure 2b. Two compounds with their respective monoisotopic masses at m/z 405 simulated at various mass
resolution settings: 0.2, 0.7 and 1.2 in Triple Quadrupole

DRUG DEVELOPMENT PROCESS AND SMALL MOLECULES QUANTITATION
The Pathway from Idea to Regulatory Approval is very long and difficult. It begins from basic research, goes through preclinical development trials, very sophisticated
clinical stage and ends finally and luckily with the FDA Organization. Drug development process is a big challenge for the biomedical world. Any efforts that can bring even
the smallest information into the whole process are very often treated as milestones in pipeline. To succeed, thousands of compounds must be tested in reference
to better understanding of biological processes, ADME characterization, pharmacokinetic behavior, safety, toxicity or efficacy. The very important part of this process
is determination of different analytes in different biological matrices (different cells line, plasma, tissues, tumors). These kinds of tests require some highly sophisticated
methods and equipment. In this case the right choice of best technology platform is the key at the moment.

Figure 3a. LCMS spectra of 12C3 Serine in R=70 000. Comparison with theoretical isotopic cluster
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High Resolution Accurate Mass MS in opposite to Triple Quadrupole MS enables to quantify all precursor ions
in a sample without the need of method optimization process for individual analyte
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Figure 3b. LCMS spectrum of 13C3 Serine in R=70 000
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Figure 3c. LCMS spectra of 12C2 Glycine in R=70 000. Comparison with theoretical isotopic cluster

Figure 3d. LCMS spectrum of 13C2 Glycine in R=70 000

Figure 4. Exemplary chomatograms of 12C3 Serine, 13C3 Serine, 12C2 Glycine, 13C2 Glycine in methanol-water solution

RESULTS IN BIOLOGICAL MATRICES

High Resolution Accurate Mass MS enables to quantify analytes in high complexity,
very difficult biological samples at very low concentration levels despite occuring matrix interferences
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High Resolution Accurate
Mass MS allows
to obtain ideal match
of isotope pattern

High Resolution Accurate Mass MS
allows to obtain wide dynamic range
of prepared calibration curves in hard
matrices as well as low LOQ to meet
sensitivity requirements
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Figure 5. Exemplary chomatograms of 12C3 Serine, 13C3 Serine, 12C2 Glycine, 13C2 Glycine in cell lysates, plasma and spleen

SUMMARY

CONCLUSION

Main Benefits
High resolution data
 Excellent mass accuracy
Highly selective detection
 Sensitivity
 Fast polarity switching
 High-throughput workflows
 Idetification of unknown compounds
For high complexity, difficult samples
Minimal method development

Figure 6. Exemplary calibartion curves prepared by spiking known concentrarion of analytes in cell lysates

Thermo Scientific Q Exactive
Focus Orbitrap LC-MS/MS System
definitely improve in entire
bioanalytical workflow
and it is ideal for those who
expect more from their results
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