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A new highly advanced analytical approach, based on two-dimensional column 

coupled CE (ITP-CZE) hyphenated with tandem mass spectrometry (MS/MS, here 

triple quadrupole, QqQ) was developed, evaluated, and applied in biomedical 

field in the present work. Capillary isotachophoresis (ITP) coupled online with 

capillary zone electrophoresis (CZE) used in hydrodynamically closed separation 

system was favorable for increasing the sample load capacity, increasing the 

analyte concentration, and removing the deteriorative highly conductive major 

matrix constituents. These factors considerably reduced the concentration limits 

of detection (cLOD) and external sample preparation (comparing to single column 

CZE), and, by that, provided favorable conditions for the mass spectrometry 

(enhanced signal to noise ratio, reproducibility of measurements, working life of 

MS). Here, the CZE-ESI combination provided more effective interfacing than ITP-

ESI resulting in both a higher obtainable intensity of MS detection signal of the 

analyte as well as reproducibility of measurements of the analyte's peak area. The 

optimized ITP-CZE-ESI-QqQ method was successfully evaluated as for its 

performance parameters (LOD, LOQ, linearity, precision, recovery/accuracy) and 

applied for the direct identification and ultratrace (pg/mL) determination of 

varenicline and, in addition, identification of its targeted metabolite, 2-hydroxy-

varenicline, in unpretreated/diluted human urine. 

[o1] Pallmann, Sebastian; Siegle, Alexander F.; Steflova, Jana; Trapp, Oliver: Direct 

Hadamard Transform Capillary Zone Electrophoresis without Instrumental 

Modifications, ANALYTICAL CHEMISTRY, Volume 90, Issue 14, Page 8445-8453, 

2018, DOI 10.1021/acs.analchem.8b01010; [o1] Mala, Zdena; Gebauer, Petr: 

Capillary moving-boundary isotachophoresis with electrospray ionization mass-

spectrometric detection and hydrogen ion used as essential terminator: 

Methodology for sensitive analysis of hydroxyderivatives of s-triazine herbicides in 

waters, JOURNAL OF CHROMATOGRAPHY A, Volume 1518, Page 97-103, 2017, DOI 

10.1016/j.chroma.2017.08.074; [o1] Jiang, You; He, Mu-Yi; Zhang, Wen-Jing; Luo, 

Pan; Guo, Dan; Fang, Xiang; Xu, Wei: Recent advances of capillary electrophoresis-

mass spectrometry instrumentation and methodology, CHINESE CHEMICAL 

LETTERS, Volume 28, Issue 8, Page 1640-1652, 2017, DOI 

10.1016/j.cclet.2017.05.008; [o1] Breadmore, Michael C.; Wuethrich, Alain; Li, 

Feng; Phung, Sui Ching; Kalsoom, Umme; Cabot, Joan M.; Tehranirokh, 

Masoomeh; Shallan, Aliaa I.; Keyon, Aemi S. Abdul; See, Hong Heng: Recent 
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electrochromatography in capillaries and microchips (2014-2016), 

ELECTROPHORESIS, Volume 38, Issue 1, Page 33-59, 2017, DOI 

10.1002/elps.201600331; [o1] Thanh Duc Mai; Oukacine, Farid; Taverna, Myriam: 

Multiple capillary isotachophoresis with repetitive hydrodynamic injections for 

performance improvement of the electromigration preconcentration, JOURNAL 

OF CHROMATOGRAPHY A, Volume 1453, Page 116-123, 2016, DOI 

10.1016/j.chroma.2016.05.048

Prvá metóda integrujúca izotachoforetickú úpravu vzorky s analytickou separáciou 

na báze zónovej elektroforézy a detekciou na princípe hmotnostnej 

spektrometrie. Demonštrujeme možnosti nového spôsobu analýzy stopových 

množstiev iónogénnych liečiv v mnohozložkových biologických matriciach pre 

účely klinického výskumu a praxe, s priaznivými validačnými parametrami 

navrhnutého metodického prístupu. / The first method integrating 

isotachophoretic sample treatment with analytical separation based on zone 

electrophoresis and detection on the principle of mass spectrometry. We 

demonstrate the possibilities of a new method of analysis of trace amounts of 

ionic drugs in multicomponent biological matrices for the purposes of clinical 

research and practice, with favorable validation parameters of the proposed 

methodological approach.

Teoretické aj experimentálne aspekty navrhnutého analytického prístupu spolu so 

získanými dátami/výsledkami sú prezentované v rámci prednášok z predmetov 

analytická chémia, nové smery v analytickej chémii, analýza látok v biologických 

systémoch a budú zaradené tiež do pripravovaného modulu monitorovanie hladín 

liečiv vo farmaceutickej praxi. Tieto výstupy dopĺňajú edukačnú bázu o nové 

poznatky v oblasti analytickej metodológie ale aj farmaceutickej chémie. / 
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