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History of Czech Liquid Chromatography
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The chromatographic technique developed by M.S. Tswett at the beginning of the
twentieth century penetrated only slowly into the wider scientific community in the following
decades. The realization that both natural and synthetic chemical substances are typically
present in simple or complex mixtures, necessitating separation prior to analysis, became
increasingly apparent in later years. Czech scientists (or Czechoslovak as both countries were
united between 1918-1993 with short break period during World War I1) recognized this need
and began developing separation techniques as early as the 1940s. This led to the advancements
in thin-layer chromatography, gas chromatography, and later, following the discoveries of
Csaba Horvath and Sandy Lipsky [1], also high-performance liquid chromatography. The
history of the Czech chromatographic achievements, impact of Czech scientists on national and
international journals and conferences were thoroughly described by one of the pioneers of
high-performance liquid chromatography Pavel Jandera from University of Pardubice [2][3].
This contribution reviews the pioneering history of Czech analytical chemists in the area of

liquid chromatography, in relation to significant milestones in the global scientific community.
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Lipidomika je dynamicky se rozvijejici oblast omickych véd zaméfena na komplexni
kvalitativni a kvantitativni analyzu lipidi v biologickych systémech. Klicovym nastrojem je
spojeni chromatografické separace s hmotnostni spektrometrii (MS), které umoznuje rozliseni
a kvantifikaci stovek lipidovych druhti. Chromatografie v kapalné fazi nebo s pouzitim
superkritickych tekutin nabizi celou fadu riznych separacnich médu, jejichz vhodnou volbou
1ze ziskat cileny typ selektivity a vyznamné tak rozsifit informaci, kterou by poskytla samotna
MS bez chromatografické separace. Z pohledu chromatografie mizeme rozlisit tfi zédkladni
retenéni mechanismy pro analyzu lipida: 1/ separace lipidovych tfid (lipid class), 2/ separace
lipidovych druhii (lipid species), 3/ specidlni separa¢ni mody. Separace lipidovych tiid lze
docilit pomoci HILIC nebo s vyuzitim UHPSFC [1] a je to nejleps$i piistup pro spolehlivou
kvantitativni analyzu a vysoky stupenn automatizace zpracovani dat pti analyze velkych sérii
vzorkli. UHPLC v systémech s obracenymi fazemi je typickym predstavitelem separace
lipidovych druhti a jeji hlavni pfednosti je selektivita pro rizné typy izomerii (cis/trans, poloha
dvojné vazby, izomerie v acylovych fetézcich véetn€ vétveni) [2], ale ndrocnéjsi je kvantitativni
analyza, protoze IS nebude koeluovat se vSemi lipidy, coz miize nékdy zpusobit zhorSeni
kvantifikace. Mezi specialni mody separace lipidd lze zafadit argentaci chromatografii (velmi
citlivou pro izomery liSici se poctem, polohou nebo geometrii dvojné vazby) [3], chirdlni
chromatografii pro separaci enantiomerti (napt. TG a DG) [4] nebo dvojrozmérné usporadani
LCxLC [5] ¢i LCxSFC [6]. Krom¢ samotné chromatografie bude ukazan ptinos dalSich
pfistupi, jako je vyuziti iontové mobility nebo chemické derivatizace za Ucelem zvySeni
citlivosti ¢i zlepSeni chromatografickych a/nebo extrakénich vlastnosti n€kterych tfid lipidi [6].
Na zéavér bude prezentovana UHPSFC/MS metoda, ktera byla optimalizovéana a validovana pro
vysoce prostupnou lipidomickou analyzu plazmy nebo séra a lze ji pouzit pro v€asny zachyt
pacientl s karcinomem slinivky bfisni [7] ¢1 dalSich typh karcinomt [8]. V soucasné dob¢ je

tato metoda zdkladem lipidomického testu pouzivaného ve spin-off firmé Lipidica v probihajici



klinické validaci pro screening osob s vysokym rizikem vzniku karcinomu slinivky.
Prezentované vysledky byly ziskany s podporou ERC AdG 101095860 a nékolika granti
GACR. Tato prace by nemohla vzniknout bez zasadniho piispévku velkého mnozstvi studentt,

spolupracovniki a 1ékait (podékovani bude v prednasce).
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Entropie je extenzivni termodynamicka stavova veli¢ina. Lze ji mimo jiné definovat
jako miru neusporadanosti systému a uplatituje se od ¢ernych dér v kosmu, jak dokazuje Stephen
Hawking, az po chromatografii, o niz bude pojednano. Chromatografické déleni je vétSinou fizeno
spole¢nymi ptispévky entalpie a entropie. Oba pfispévky jsou potieba, nebot’ rozdily v entalpii
vedou k pozadovanému dé¢leni skrze interakce mezi analyty a funkcionalitami na povrchu
staciondrni faze. Entropie pak jednoznaéné¢ umoznuje, aby se analyty prostfednictvim difuze
vibec k oném funkcionalitdm dostaly. Entropie ma vSak dvojaky efekt a také Skodi, protoze napf.
jeji efekt ndm cestou od nésttiku k detektoru opét prostiednictvim difize rozmyva piky a snizuje
ucinnost separacniho procesu. Existuje ale i separacni mechanismus, v némz je entalpie zcela
nezadouci a retence je kontrolovana pouze vkladem entropie. Je to vylucovaci chromatografie (size
exclusion chromatography, SEC), ktera prevratnym zpiisobem zménila stanoveni molarnich
hmotnosti polymerti. J. C. Moore, pracovnik firmy Dow Chemical Company, zvetejnil pied
zhruba Sedesati lety metodu jim ptivodné nazvanou gelovou permeacni chromatografii (GPC) a
dnes zndmou spise jako SEC. Jeji princip spoc¢ival v déleni makromolekul podle velikosti na
zaklad¢ jejich permeace do pevné stacionarni faze ve formé sférickych castic, ktera obsahovala sit’
port ruznych velikosti. Délené molekuly difundovaly pouze do pori, které byly vétsi, nez byla
jejich velikost. Takze mensi molekuly pronikaly do vétSiho po€tu pori neZ molekuly velké, a tudiz
se zdrzely v koloné¢ déle. Jednotlivé polymerni molekuly pak opoustély kolonu v potadi od
nejvétsich po nejmensi. Aby se tato technika mohla rozsifit, bylo vSak potfeba nalézt vyrobce
odpovidajiciho pfistroje. Tim se tehdy stal téméf nezndmy podnik vlastnény J. L. Watersem. Byl
to dulezity pocin pro jeho firmu, z niZ se diky SEC stal dnes jeden z nejvétSich svétovych
producentl zafizeni pro kapalinovou chromatografii. Stacionarni fdze pro SEC s kontrolovanou
porozitou se neustale zdokonaluji, jimi naplnéné kolony se zmensuji, a hledaji se i nové pfistupy.

Neni tedy divu, ze se pro SEC vyvijeji 1 faze na bazi monolitd jak bude také ukazano.



From sample to result: Liquid chromatography and mass spectrometry in
plant metabolomics
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Mass spectrometry is a gold standard analytical technique for investigating processes
throughout the entire plant life cycle, as well as for utilization of plant material in the food
industry, medicine, heritage science/archaeology and other branches. Metabolite profiling using
direct mass spectrometry or its hyphenation with chromatographic separation techniques (i.e.
LC/MS, CE/MS) enables the detection of a broad range of molecular features, particularly when
biomarker discovery is the primary objective. This contribution demonstrates, through selected
case studies, the workflow of metabolite analysis in plant material and related products — from
standard and innovative sample preparation strategies, through the selection and optimization
of analytical methods, their evaluation and application, to advanced approaches in data
processing. The procedures used in the analysis of seed and pollen composition [1][2][3] and
studies of (bio)chemical transformations of plant secondary metabolites in different samples
[4][5] will be discussed. Attention will be placed on the relation between the complexity and
required integrity of the investigated sample/object and the selectivity of the analytical
procedure. New possibilities of sample micromanipulation and direct on-tissue chemistry will
be addressed [6].

Acknowledgement: Czech Science Foundation: 24-10730S, MSMT: INTER-ACTION-
LUAUS24  (LUAUS24065), Palacky  University  Olomouc: 1GA_PrF_2024 026;
IGA_PrF_2025_027.
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Vyvoj a validace HPLC metod v kontextu SVP a soucasnych regulatornich
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Vyvoj analytickych metod a jejich validace jsou pro vyrobu v rezimu SVP kritické.
Kontrolni strategii pro vyrobu lé¢ivych latek neni totiz mozné dobie zacilit bez spravné
»sefizené optiky.” V kontextu zvySujicich se o¢ekavani regulatornich ufadt po celém svéte,
které zahrnuji necistotni profily API SM, intermediatii i surovin, je podstatné nejen uméet
spravné zvolit vhodné analytické technologie, ale také efektivné komunikovat a evidovat
firemni védomosti. Vyvoj analytické metody pak muize fungovat jako platforma, kde
komunikuji specialisté vyvoje syntézy, analytickych metod, kvality a registraci pro dosazeni
optimalniho vysledku. Destilat zjisténych skute¢nosti je podkladem pro validaci ptislusné
metody dle pozadavkli smérnic ICH, l€kopisu anebo napiiklad ANVISA a je stvrzenim

vhodnosti zvoleného ,,nastroje* k zamyslenému ucelu.

Interm edidt (Neflstota 1
94,73 0,30
9426 0,00] 4
9392 025"
97,38 0,00
9478 0,19)

9686 017"
9641 0,00]
97,80 0,22
9873 0,00
9747 0,15
9522 0,32
9501 0,15

96,00 0,00
-

Figure 1. Vyvoj a validace analytickych metod a knowledge management



Vyuziti kapalinové chromatografie v pivovarsko-sladarské praxi
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V pivovarsko-sladaiské praxi je kapalinova chromatografie vyuZzivana jako ucinny
nastroj pro kontrolu kvality surovin i finalnich produktt. Uplatnéni nachédzi zejména pii
stanoveni nezadoucich kontaminantd, jako jsou mykotoxiny, rezidua pesticidii, namelové
alkaloidy a rtistové regulatory typu chlormekvatu a mepikvatu. Tyto latky mohou ovlivnit
zdravotni nezavadnost 1 vysledné senzorické vlastnosti piva. Analytické metody zaloZené na
kapalinové chromatografii s riznorodou detekci jsou charakterizovany vysokou citlivosti,
selektivitou a reprodukovatelnosti. Klicovym krokem pfed samotnou analyzou je vhodna
priprava vzorku, kterd vyrazné ovliviiuje ptfesnost a spravnost vysledki, zejména s ohledem
na komplexni pivovarsko-sladaiské matrice. Vzhledem k rostoucim pozadavkim na
bezpecnost potravin jsou techniky HPLC v laboratorni kontrole stale castéji implementovany
jako standardni soucast monitoringu v celém vyrobnim fetézci od je¢mene aZ po hotové pivo

[1-3].
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Analyza PFAS pomoci LC-MS/MS

Jana Kovacova

Czech Republic, s.r.o.
e-mail: jana.kovacova@alsglobal.com

Kli¢ova slova: PFAS, LC, MS, environmentdlni analyza

Zkratka PFAS oznacuje skupinu per a polyfluoralkylovanych sloucenin. Tyto latky se
zacaly vyrabét v poloviné minulého stoleti a od t€ doby se jejich pouziti masivné rozsitilo
v riznych odvétvi primyslu. Dnes je problematika PFAS diskutovana napfi¢ celym svétem,
nejinak je tomu i v EU. PFAS ptedstavuji vyznamné riziko pro zivotni prostfedi, ale i pro zdravi
¢lovéka. Hlavni divody, pro¢ tomu tak je jsou tyto vlastnosti: perzistence, bioakumulace a
vysokd mobilita. PFAS se oznacuji jako vSudypfitomné nebo véné kontaminanty (,,forever
chemicals®) a jejich analyza Vv riznych slozkach zivotniho prostfedi je velmi aktualnim
tématem.

V¢étSina analyti, které se fadi mezi PFAS je stanovitelna kapalinovou chromatografii ve
spojeni S hmotnostnim spektrometrem. Jedna se o Sirokou skupinu latek, v rdmci ptispévku
budou diskutovany moznosti jejich stanoveni pravé pomoci LC-MS/MS v environmentalnich
matricich, pfiklady problematiky tohoto stanoveni: fakt, Ze se jednd o vSudypfitomné
slou€¢eniny mnohdy komplikuje jejich stanoveni, coz bude ukazano na piikladech. Vedle toho
bude diskutovana moZnost necilového stanoveni PFAS. Tato skupina zahrnuje vice neZ n€kolik
tisic individualnich sloucenin, z ¢ehoz je zfejmé, ze béznou cilovou analyzou LC-MS/MS nelze
toto mnoZstvi analytd pokryt. Proto bude pfedstavena moZznost necilového stanoveni pomoci
metody TOPA (Total Oxidisable Precursor Assay) a jeji vyuziti v praxi pro stanoveni

legislativnich limitd.



Modifikace polymernich nanovlaken
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Pro vétSinu metod je nezbytna uprava vzorkl pied vlastni chromatografickou analyzou
za Gelem piecisténi a zakoncentrovani analytd. Nejpouzivanéjsi technikou je extrakce na tuhou
fazi (SPE), kterd v dne$ni dobé nabizi Siroké portfolio i komeréné dostupnych extrakénich
sorbent. Vhodny sorbent volime z hlediska analyzovaného vzorku, potfebné kapacity a
selektivity extrakce. Nabizi se také miniaturizované formaty umozfiujici minimalizovat
spotfebu vzorku a rozpoustédel.

Nanovlakenné materialy piedstavuji moderni sorbenty na bazi polymera [1]. Syntetické
polymery jsou odolnéjsi, nejcastéji byva zvlaknovan polyamid (PAG6, nylon) a polyakrylonitril,
polykaprolakton). Poslednim trendem jsou rizné¢ modifikovana a kombinovana vlakna, ¢imz se
dosahuje zmény jejich selektivity vnesenim novych funkénich skupin nebo také zmény
fyzikalnich vlastnosti — plochy povrchu, smacivosti, odolnosti vlidken aj.

Bézn€ vyuzivané polymery poskytuji zpravidla nespecifické hydrofobni interakce a
selektivitu zejména k lipofiln¢jsim analytim, vyssi hydrofobnost polymeru ale také miize
odpovidat horS§i smacivosti vodnym vzorkem. Modifikacemi polymernich nanovldkennych
sorbenti, jako jsou nové techniky samotného zvldknovani, inkorporace nanocastic, vneseni
aditiv ¢i povrchové modifikace vlaken, miizeme ziskat nové extrakéni sorbenty S vhodngjsi
selektivitou a vySsi extrakéni ucinnosti. Jejich ptiklady budou prezentovany na konkrétnich
aplikacich vyuzivajicich rizné extrakéni formaty podle vlastnosti pouzitych nanovldken a typu

vzorku.
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Vzhled hmotnostniho spektra je urovan tvorbou iontl v procesech ionizace a
fragmentace. K zakladnim ionizaénim mechanismtim se fadi ztrata elektronu, zachyt elektronu,
vyména naboje, ptenos protonu, odebrani aniontu, tvorba aduktl a tvorba klastrd [1]. Ionizaéni
technika musi byt vhodna pro analyzované latky, jeji volbu ovliviiuje charakter vzorku, ale také
jeji dostupnost v dané laboratofi. Piikladem dvou ¢asto vyuzivanych ionizacnich technik je
elektronova ionizace [2] a ionizace elektrosprejem [3]. Zatimco prvni je vhodna pro tékavé
latky a vede k tvorbé radikal-kationtu, druhd umoziuje ionizovat latky stfedné polarni az
iontové a typicky pfi ni vznikaji ionty se sudym poctem elektronti. Mnohdy Ize vyuzit pro feSeni
téhoz analytického ukolu rGzné ioniza¢ni techniky, napft. elektrosprej nebo chemickou ionizaci
za atmosférického tlaku.

Pti zékladnim pohledu na hmotnostni spektrum se hleda ion odpovidajici celé molekule
a hodnoti se isotopové piky s cilem potvrdit naboj iontu, zjistit molekulovou hmotnost analytu,
ziskat sumarni vzorec, pokud méfime pomér m/z s potiebnou piesnosti, nebo alespon ziskat
ptedstavu o zastoupeni prvkl v molekule. Vhodné je si v§imat typickych diferenci ve spektru,
napf. hodnota 22 naznacuje souvislost dvou signali - protonované molekuly a aduktu se
sodnym iontem. Pomér téchto signalli mize byt vyrazné ovlivnén slozenim vzorku (obsahem
sodnych iont). Objevit se mohou i jiné typy aduktli (napft. s draselnymi nebo amonnymi ionty,
ale také s anionty) a dale klastry ([2M+H]*, [2M+Na]" aj.). K potlaceni signalu aduktt Ize
vyuzit precisténi vzorku. Jejich vznik vSak mize byt i Zadouci, a naopak do vzorku je pridavan
patfi¢ny ion s cilem podpofit jejich tvorbu. Kromé slozeni vzorku lze pozorovat vliv
pfistrojovych parametri a konstrukce iontového zdroje na pomér uvedenych ionti. V disledku
se ve spektru muze objevit fada signald, které lze prifadit nefragmentované molekule
sledovaného analytu.

Kromé vlastnosti primarnich ionti vzniklych ionizaci mize vyrazn€ ovlivnit jejich

fragmentaci, a tedy vzhled spektra, nastaveni hmotnostniho spektrometru. K fragmentaci mtize



dochazet ve zdroji, popf. po aktivaci pii tandemové hmotnostni spektrometrii. Problematika
fragmentace je znacn€ rozsdhla, ale je uziteCné ziskat piehled alespon pres zadkladni
fragmentacni mechanismy, které zahrnuji sigma $tépeni, fragmentaci iniciovanou radikalovym
nebo nabojovym centrem a presmyky (napt. McLaffertyho) [4]. Takovyto zakladni piehled

spolu se znalosti ionizace a vlivu nastaveni pfistroje usnadiuje ,,Cteni* hmotnostnich spekter.
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UV detekce patii diky své jednoduchosti a cenové dostupnosti mezi nejoblibené;si
detek¢ni techniky pro spojeni s HPLC. Ackoliv je jeji pouziti rutinni, pfindsi s sebou i néktera
uskali, zejména pii analyze smési latek s riznymi absorpénimi vlastnostmi nebo analyze latek
bez vyznamné absorbujicich chromofort. Spravna volba experimentalnich podminek vcetné
nastaveni parametra detektoru je klicova pro kvalitu a reprodukovatelnost ziskanych vysledk.
V ramci piispévku budou na modelové smési piirodnich latek s rozdilnymi absorpénimi
prikladech ukazano, jak ovliviiuji podobu absorpéniho spektra faktory jako struktura analytu,
typ rozpoustédla nebo pH. Dale bude diskutovan vybér detekéni vinové délky v situaci, kdy je
potfeba zohlednit rozdilnou absorbanci jednotlivych latek. Pozornost bude vénovana také
dulezitosti volby slozek mobilni faze a rozpoustédla pro fedéni vzorku v souvislosti s jejich
vlastni absorpci zafeni a hodnotou UV cut-off. V neposledni fad¢ se zamétime na nastaveni
volitelnych parametri detektoru, jako jsou ¢asova konstanta a vzorkovaci rychlost, a jejich vliv

na tvar chromatografického piku a hodnotu poméru signal/Sum.
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Elektrochemicka detekce v kapalinové chromatografii (ECD) je vysoce citliva a selektivni
metoda pro analyzu elektroaktivnich latek. Jeji vyuziti v praxi je v soucasnosti spise na tstupu
kvili vyS$§im naroklim na teoretick¢ znalosti i praktické zkuSenosti uZzivatelii. Tutoridl
ptedstavi zékladni principy ECD, vcetné rezimi detekce, typl elektrod, a redoxniho chovani
analyt. Bude se vénovat i praktickym aspektim, jako je vybér mobilni faze, drzba elektrod
a feSeni béznych problémii. Pomoci ptikladii z oblasti farmacie, klinické analyzy, zivotniho

prostfedi a potravinaistvi bude ukdzan vyznam metody v praxi.

Reference

NOVAKOVA, Lucie; DOUSA, Michal; CESLA, Petr. 2021. Moderni HPLC separace Vv teoril
a praxi I.. Praha: Ceska chromatograficka §kola. ISBN 978-80-270-8559-0.



Forensic Toxicological Hair Analysis

Vit Sestak, Martin Mzik

Institute of clinical biochemistry and diagnostics, University hospital in Hradec Kralove,
Sokolska 581, 50005, Hradec Kralove, Czech Republic

e-mail: vit.sestak@fnhk.cz

Keywords: forensic toxicology, rare matrices, hair analysis

Hair analysis represents a powerful tool in forensic toxicology, enabling retrospective
detection of exposure to various chemical substances, including drugs and poisons. In many
countries, hair is one of the most analyzed biological matrices in forensic investigations.
Modern analytical techniques like UHPLC-HRMS allow us to detect the very low
concentrations present in hair extracts. These methods enable both targeted and quasi-targeted
detection at ppb to ppt levels, highlighting their value in today’s forensic practice. Hair
segmentation analysis allows for relatively precise timing of exposure, which is particularly
beneficial in cases of delayed disclosure, such as in sexual assault investigations. The
presentation covers the advantages and limitations of the method, sample preparation

techniques, and potential uses.
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Prispévek popisuje postup a metody pouzivané v Celn¢ technické laboratoti (CTL) pro
analyzu kanabinoidii. Vzhledem k zaméteni laboratoie se pracovnici setkavaji nejen se vzorky
ropnych, alkoholickych a tabdkovych vyrobkt, ale téz s konopnymi vyrobky a vzorky

omamnych a psychotropnich latek vcetné latek s velmi vysokou biologickou u¢innosti.

V poslednich letech doslo k Sirokému rozSifeni uzivani zejména pfirodnich a
semisyntetickych (odvozenych od pfirodnich struktur) kanabinoidii. Ani syntetické
kanabinoidy nejsou zcela mimo pozornost nelegilnich uzivatell, ale rozsSifeni HHC
(hexahydrokanabinol) a dalsich latek odovozenych od THC (tetrahydrokanabinol) zejména
mezi mladsi generaci je alarmujici. S tim souvisi nejen nabidka na nelegalnim trhu, ale i zmény
legislativy. Zaroven dochazi k velmi rychlému rozsifovani portfolia nabizenych latek a CTL,

jako odborny ttvar Celni spravy, musi na tuto situaci reagovat.

V prezentaci je popsan postup zpracovani vzorkl,, opatfeni provedend k zajiSténi
bezpecnosti pracovnikd a analytické metody pouzivané k identifikaci pfirodnich,
semisyntetickych a syntetickych kanabinoidl. Pro kompletni analyzu je tfeba kombinovat
vysledky zejména separacnich metod (LC-QQQ, LC-DAD, GC-FID, GC-QTOF) doplnénych
v piipad€ potteby o strukturni analyzu (NMR) a obrazovou analyzu (morfologie rostlin,

homogenita ¢astic atd.).

Kapalinova chromatografie ve spojeni s hmotnostni spektrometrii (LC-QQQ) je
pouzivana jako rychla identifikacni technika. Na n€kolika ptikladech z praxe je demonstrovano

pouziti této instrumentace.
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N-acylhomoserin laktony jsou signalni molekuly syntetizované gramnegativnimi
bakteriemi pro komunikaci v procesu zvaném ,,quorum sensing“ [1]. Nejéastéjsi achiralni
separa¢ni metody pro analyzu N-acylhomoserin laktonti zahrnuji biosenzory, tenkovrstvou
chromatografii, kapalinovou chromatografii s UV detekci, plynovou chromatografii nebo
kapalinovou chromatografii spojenou s hmotnostnim spektrometrem. Nedavno byla produkce
L-, ale hlavné¢ D-N-acylhomoserin laktoni objevena u Vibrio fischeri a Burkholderia
cepacia [2]. Nalezené koncentrace D-N-acylhomoserin laktonti byly na hranici kvantifikace.
Pro dalsi studie D-N-acylhomoserin laktoni ve fyziologii gramnegativnich bakterii jsou
nezbytné citliveéjsi, spolehlivejsi a selektivnéjsi analytické metody.

Cilem nasi prace bylo vyvinout komplexni chirdlni analytické metody pro identifikaci a
stanoveni enantiomerti 18 derivatl homoserin laktoni pomoci dvou analytickych technik, tj.
GC a LC spojenych s trojitym kvadrupolem (GC-QQQ a LC-QqQ). Dtive pouzivanad SPE
metoda pro ptipravu vzorku byla optimalizovana pro 100nasobné koncentrovani analytl a
zvyseni selektivity extrakce z bakterialniho média.

Vysledkem je dosazeni chiralnich separaci vSech 18 derivati N-acylhomoserin laktont
pomoci komplementarnich metod GC-QgQ a LC-QgQ [3]. Mez detekce pro LC-QgQ se
pohybuje ve stovkach ppb. Mez detekce pro metodu GC-QqQ je o dva az tii fady vyssi nez u
metody LC-QqQ. Vysoka citlivost prezentovanych metod dale umoznuje rozvinout studium

role D-N-acylhomoserin laktonll v procesu ,,quorum sensing* gramnegativnich bakterii [4].
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Dopliiky stravy jsou koncentrované zdroje zivin nebo jinych latek, které maji nutri¢ni
nebo fyziologicky ucinek a jejichz ticelem je doplnit normalni stravu kvili pfedpokladanym
pfinostim pro zdravi [1]. Celosvétové prodeje potravinovych doplnkli zaznamenavaji rychly
rust a zejména ty, které jsou zaloZeny na rostlinnych extraktech, patii k nejoblibenéjs$im, protoze
maji niz§i nebo dokonce zadné vedlejsi tcinky. Tyto rostouci trzby, které naznacuji obrovskou
popularitu dopliiki stravy a obecny nedostatek odhodlani prosazovat ti¢innou legislativu (napf.
nedostateCna garance u¢innosti a bezpecnosti) déla trh s dopliikky stravy zranitelnéj$i vaci
necestnym vyrobciim. V EU jsou potravni dopliiky regulovany stejné€ jako potraviny a souc¢asna
legislativa je zaméfena pouze na vitaminy a mineraly. Vyrobci ve svych piipravcich deklaruji
obsah urcit¢tho mnozstvi napft. rostlinného extraktu, ale tato informace nefika nic o obsahu
bioaktivnich latek. SloZzeni a obsah bioaktivnich latek v rostlinach se muze lisit v zavislosti na
klimatu, teploté, obdobi, piid€ a dalSich faktorech. Rozpor mezi mnoZzstvim pouzitého extraktu
a obsahem ucinnych latek v jedné ddvce mize mit podstatny vliv na davkovani a miize vést k
predavkovani konzumenta nebo naopak k neu¢innému davkovani. Ackoli je nezbytné zajistit
bezpeci a neSkodnost dopliki stravy, od jejich vyrobcl se nevyzaduji zadné konkrétni
posouzeni. V EU bohuzel zatim neexistuji Zadné kontroly vyrobnich standardd, které jsou
pfinejmensim podobné farmaceutické Grovni (GMP). V ramci piispévku bude prezentovan
vyvoj metod HPLC/UHPLC analyz a vysledky kontroly kvality obsahu vybranych potravnich
dopliikii na bazi rostlinnych extrakt s obsahem fenolickych kyselin, anthokyanti, flavonoidd,

fytosterolii, whitanolidli, berberinti, kurkumini, gingeroli apod.
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Over the past years, there has been growing interest among regulatory authorities in
impurity control in newly registered drug substances and drug products. As a supportive
material, the International Committee for Harmonization (ICH) has formulated a guideline that
describes analytical procedures and impurity control criteria. According to this document, three
types of impurities are defined: residual solvents, inorganic, and organic ones. [1]

Organic impurities include starting material, by-products, intermediates, or degradation
products and are mainly determined by chromatographic methods. Especially, liquid
chromatography has become the method of choice in this field. Because of a need to determine
various chemical moieties ideally within one sample run, the method development may be a
challenging task. This is nicely represented by ivabradine and its related substances when many

obstacles had to be overcome to ensure the method selectivity for ten different molecules.

Sample chromatogram
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Figure 1. Chromatogram of ivabradine and its impurities.
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Silice predstavuji komplexni smési te€kavych latek s vyznamnymi biologickymi u€inky
a Sirokym uplatnénim ve farmacii, potravinaistvi i kosmetickém primyslu. Vzhledem k jejich
rostouci komer¢ni hodnoté se zvySuje i riziko falSovani a kolisani jakosti surovin pro jejich
vyrobu. Cilem studie je predstavit analyticky pfistup ke kontrole silic, zalozeny na kombinaci
kvalitativni a kvantitativni analyzy pomoci plynové chromatografie s hmotnostni (GC-MS) a
plamenoionizaéni detekci (GC-FID).

GC metoda byla aplikovana na typické vzorky komeréné dostupnych i experimentalné
destilovanych silic maty peprné (Mentha x piperita L.) a fenyklu obecného (Foeniculum
vulgare L.), pficemz byla zaméfena na kvalitativni i kvantitativni hodnoceni sedmnacti
tékavych sloucenin patficich do skupin monoterpenti a fenylpropanoidi. Mezi sledované latky
patiily zejména menthol, menthofuran, pulegon, (E)-anetol, fenchon a estragol, z diivodu jejich
terapeutického nebo toxického pusobeni na lidsky organismus. Chromatograficka separace byla
provedena na kolon¢ HP-5MS (30 m x 250 um x 0,25 um) za pouziti teplotniho gradientu s
pocatecni teplotou 60 °C a kone¢nou teplotou 140 °C, béhem 16 minut.

Ziskané vysledky ukazuji, Ze kombinace GC-MS a GC-FID ptedstavuje robustni nastroj
pro rutinni kontrolu pravosti a jakosti silic, a zarovenn umoznuje efektivni detekci potencialni
kontaminace nebo falsifikatu. Prezentovand metodika mize slouZit jako zaklad pro

standardizaci a validaci analytickych postupt v oblasti kontroly ptirodnich produktt.
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Inzulin a jeho strukturni analoga (lispro, aspart, glulisin, glargin, detemir a degludek)
hraji vyznamnou roli nejen v 1é¢bé diabetu mellitu, ale také v soudnim Iékafstvi pfi objasnovani
ptipadii nevyjasnénych umrti zptsobenych ptredavkovanim. Cilem této prace byl vyvoj a
optimalizace citlivé metody stanoveni téchto latek v plazmé, predev§im s dirazem na
multidimenziondlni kapalinovou chromatografii spojenou s tandemovou hmotnostni
spektrometrii (2D-UHPLC-MS/MS).

Pro zajisténi vysoké citlivosti a selektivity byly optimalizovany parametry hmotnostné-
spektrometrické detekce (SRM piechody), a soucasné byly detailné zkoumany separacni
podminky v 1D i1 2D chromatografickém uspofadani. Byly testovany rGzné staciondrni faze
(napft. Cortecs C18+, Luna Omega C18, Kinetex C18) a slozeni mobilni faze (kombinace vody,
acetonitrilu, methanolu a kyseliny mravenc¢i), aby bylo dosaZzeno optimalniho
chromatografického rozliSeni, zeyména pro kritické pary inzulint s velmi podobnou strukturou,
jako je humanni inzulin a inzulin lispro.

Byly provedeny také preanalytické experimenty zaméfené na minimalizaci adsorpce
inzulin na povrchy laboratorniho skla a plast. Diive publikované experimenty stabilitnich

testl potvrdily, ze zkumavky s K2EDTA jsou nejvhodnéjsi volbou pro odbér a uchovani vzorka



krve z hlediska stability inzulinli pfi pokojové teploté [1]. Pro validaci metody byla zvolena
syntetickd plazma BZ273, jejiz standardizované slozeni minimalizuje interferenci endogenniho
inzulinu a zvySuje reprodukovatelnost vysledk.

Z hlediska stability byly testovany rtizné podminky (kratkodoba, dlouhodoba a freeze-
thaw stabilita) s a bez pouziti protedzového inhibitoru (PIC). Bylo zjisténo, ze pouziti PIC
nepiinasi vyrazné zlepSeni stability inzulind, a v n€kterych pfipadech dokonce snizuje citlivost
metody.

Nové¢ vyvinuta metoda byla validovana podle EMA kritérii pro validaci bioanalytickych
metod [2] a poskytuje dostate¢nou citlivost (LLOQ 50 pg/mL) pro forenzni a klinické aplikace.
Metoda jiZ byla Gspé$né implementovana do rutinniho provozu v Ustavu soudniho 1ékaistvi
Fakultni nemocnice Ostrava, kde vyznamné pfispiva k objasiiovani pifipadii nevyjasnénych

amrti.
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Capillary zone electrophoresis (CZE) and capillary isotachophoresis (CITP) will be
presented as high-performance separation methods with a wide applicability for analysis and
physicochemical characterization of peptides and proteins [1, 2]. Purity degree of synthetic
peptides, e.g. prolactin-releasing peptide, cocaine- and amphetamine-regulated transcript
peptide, and ghrelin, and their lipidized analogs with covalently attached fatty acids (octanoic,
palmitic and myristic) was determined by CZE with UV-absorption detection in acidic
background electrolytes (BGEs) composed of formic and acetic acids. Microheterogeneity of
proteins (monoclonal antibodies) was evaluated by CZE with ESI-MS detection using the same
BGEs. The content of anionic counterions (fluorides, acetates, trifluoroacetates) in basic peptides
was estimated by CITP.

Acid-base and electromigration properties of the above (lipo)peptides were investigated
by combination of CZE and CITP. Acidity constants (pKa) of ionogenic groups of (lipo)peptides
and actual ionic mobilities of their ionic forms were obtained by nonlinear regression analysis
of pH dependence of their effective mobilities measured by CZE in BGEs within a wide pH
range (2.0-12.0). From this dependence, also the isoelectric point (pl) of (lipo)peptides was
estimated. The effective charge of these (lipo)peptides was determined from their cationic CITP
analysis. The method is based on a linear relationship between the length of the ITP zone of the

analyte and its effective charge and the injected substance amount [3].

The work was supported by the Czech Academy of Sciences, project no. 61388963.
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Elektromembranova extrakce (EME) predstavuje selektivni techniku pro upravu
klinickych vzorki, kterou lze provadét v mikrométitku s minimdalni spotfebou klinického
materialu a ostatnich ¢inidel [1]. V pfednasce budou piedstaveny konstrukce miniaturnich EME
sond [2, 3] a moznosti jejich on-line kombinace s kapilarni elektroforézou [4]. Diskutovany
budou zejména otazky zaméfené na spojeni EME s kapilarni elektroforézou prostfednictvim
riznych verzi flow gating interface [5], elektroforeticka separace v kratkych kapilarach [6]
v kombinaci s bezkontaktni vodivostni detekci [7], vyuziti 3D tisku pro konstrukci
mikrofluidnich zafizeni a automatizace celého analytického procesu. Aplikaéni ¢ast se bude
vénovat stanoveni bazickych aminokyselin [2], anestetika ketaminu [8] a syntetického opioidu

metadonu [3] v lidské moci.
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Kapilarni elektroforéza (CE) piedstavuje vysoce G€¢innou separacni techniku, kterd nasla
své uplatnéni i v oblasti charakterizace nanoobjektii. Nanoobjekty maji typicky velikost mezi
1 a 100 nm, n¢kdy napf. v ptipad¢ nanotrubicek i do 500 nm v jedné dimenzi. Vlastnosti téchto
utvarli (nanocastic, 2D materilii, nanotrubicek) jsou siln€ zavislé prave na velikosti a vyrazné
se 1181 od vlastnosti makroskopickych materiali.

V ramci tomto ptispévku bude zminén teoreticky uvod do elektroforézy nanoobjektti —
zejména pohled na strukturu, naboj a velikost nanomaterialt, dale teoreticky popis
elektromigrace a vlastni piiklady aplikovatelnosti CE v analyze nanoobjekti. Budou zminény
moznosti kontroly kvality syntézy nanocastic [1] a vyuziti Taylorovi disperzni analyzy (TDA)
ve spojeni s hmotnostni spektrometrii s indukéné vazanym plazmatem (ICP-MS) pro ur€eni
velikosti nanoobjektii ve smésich [2]. Jako posledni pak bude diskutovana moznost pouziti
elektroforetického separacniho kroku pted TDA-ICP-MS analyzou pro ptesné urCovani

velikosti a koncentraci nanocéstic v prostiedi svych vlastnich iontt.

AutoFi dékuji za podporu vyzkumu Grantové agentuie CR (projekt 25-175635).
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Hydrofilni interakéni chromatografie (Hydrophilic Interaction Liquid Chromatography,
HILIC) je dilezZitou technikou pro separaci polarnich slouéenin, které jsou Casto Spatné
zadrzovany v systému reverznich fazich. HILIC metoda vyuziva polarni stacionarni fazi a
mobilni fazi s vysokym obsahem organického rozpoustédla, obvykle acetonitrilu, ¢imz
umoznuje efektivni retenci a separaci Sirokého spektra polarnich analytl. Separacni
mechanismus HILIC zahrnuje kombinaci nékolika interakci, pficemz tou hlavni je rozdélovani
mezi mobilni fazi a hydrofilni vodnou vrstvou, ktera se vytvaii na povrchu stacionarni faze, a
dale elektrostatické interakce, vodikové vazby a dipdlové interakce.

Tento komplexni mechanismus je siln¢ ovlivnén slozenim mobilni faze, pH, iontovou
silou a typem staciondrni faze, coZ vyzaduje peclivou optimalizaci téchto parametrd.
Optimalizace HILIC metody tedy zahrnuje vybér vhodné stacionarni faze, slozeni mobilni faze,
nastaveni pH a koncentrace soli, spravné nastaveni gradientové eluce, zejména pak pfistupu
ekvilibrace mobilni faze. Podobné jako v jinych chromatografickych metodach, faktorem
zmény selektivity mize byt i teplota. Ve srovnani s jinymi chromatografickymi mody hraje
vyraznéjsi roli rozpoustédlo vzorku a davkovany objem.

Historie HILIC sahé az do 70. let, kdy byla poprvé popsana jako technika zaméfena na
separaci sacharidii. V poslednich desetiletich se vSak stala jednou z nejvice pouZivanych
technik pro analyzu polarnich latek v oblastech, jako jsou metabolomika, farmaceuticka
analyza, klinicka chemie a environmentélni védy. Vyvoj novych stacionarnich fazi, véetné
chemicky modifikovaného silikagelu, polymernich matric a hybridnich materialti, vyrazné
rozsifil mozZnosti pouZiti této techniky.

Navzdory mnoha vyhodam piinasi HILIC n¢kolik vyzev, vcetné¢ problému s
reprodukovatelnosti, komplexnich retencnich mechanismil a interakci mezi matrici vzorku a
stacionarni fazi. Pfesné pochopeni téchto faktorii a spravna volba chromatografickych

podminek jsou klicem k uspeésné aplikaci této techniky.
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Hydrophilic interaction liquid chromatography (HILIC) has inherent advantages in the
separation of hydrophilic or strongly polar substances due to strong hydrophilic interactions,
which represents an attractive complementary approach to the reversed phase [1]. HILIC
separations can be easily combined with a large number of spectrometric detection techniques
such as UV/Vis, fluorescence, and mass spectrometry as well as nonspecific detection
techniques such as RI, ELSD, and Corona CAD [2]. HILIC in conjunction with MS detection
then allows for the direct determination of very hydrophilic or polar molecules that do not
contain a chromophore in their molecule, such as dimethylamine, lysine or Bis(2-
chloroethyl)amine in various pharmaceutical preparations. Several case studies were presented,

one example being the determination of dimethylamine in metformin.
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Fig. 1 Chromatographic conditions: Cortecs HILIC 3.0 x 150 mm; 2.7 pm (Waters), 20 mM
ammonium formate pH 4.8 : acetonitrile (ACN); 25:75 (v/v) at a flow rate of 0.8 ml/min.
Column temperature: 45 °C. The QDa MS detector set-up: positive ion mode with ESI capillary
voltage: 0.5 kV. Cone voltage: 10 V, Desolvation temperature: 300 °C [3].
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Hydrofilni interak¢ni chromatografie (HILIC) je vybornou technikou kapalinové
chromatografie (LC) pro separaci polarnich a hydrofilnich ¢i ionizovatelnych sloucenin, které
obecné nejsou dobie zadrzovany na reverznich fazich (RP). Muze se jednat naptiklad
0 biogenni latky, jako jsou aminokyseliny a peptidy, cukry a oligosacharidy, nukleotidy a
oligonukleotidy, nebo také polarni metabolity riiznych farmak s glutathionem, cysteinem ci
kyselinou glukuronovou. Technika HILIC je tedy vhodnou alternativou k RP pro separaci takto
polarnich latek, které by jinak musely byt derivatizovany, at' uz za i¢elem snizeni jejich polarity
¢i zavedeni chromoforu pro umoZznéni UV detekce. Ze své podstaty je HILIC ideélni technikou
pro piimé spojeni s hmotnostni spektrometrii (MS). Navic mnoho polarnich latek, jako jsou
aminokyseliny, neobsahuji Zzadny chromofor, a tedy velmi Spatné absorbuji UV zafeni, naopak
pritomnost ionizovatelnych funk¢nich skupin usnadiuje jejich detekci pomoci MS. Komeréné
je dostupna Siroka Skala stacionarnich fazi pro HILIC od holych silikagelovych kolon, pies
rizné modifikace silikagelu a zwitteriony az po hybridni silikagel a polymerni modifikace
zvySujici chemickou stabilitu [1]. Jednoduchou aplikaci HILIC separace spojené s MS bylo
napiiklad selektivni stanoveni aminokyselin v zrnkach kavy bez nutnosti derivatizace, kdy jsme
sledovali vliv doby prazeni na obsah jednotlivych aminokyselin. HILIC technika najde své
uplatnéni také v cilené metabolomice glutathionu a jeho metabolickych cykll. Glutathion je
hlavni intracelularni antioxidant, slouzi tedy jako indikator oxida¢niho stresu a také je
biomarkerem mnoha chronickych onemocnéni, jako jsou diabetes mellitus, cysticka fibroza,
osteoartritida, onemocnéni ledvin a jater, kardiovaskularni a neurodegenerativni onemocnéni.
Dale je indikatorem také akutnich otrav napf. paracetamolem ¢i tézkymi kovy, jelikoz se podili
na jejich detoxifikaci [2]. Technika HILIC — MS/MS nam umoziuje monitorovat nejen
glutathion, ale také cely jeho metabolismus Vv bunécnych kulturach, které byly vystaveny
pusobeni toxinl ¢i tézkych kovi. Hlubsi porozuméni metabolismu glutathionu mtize vést
k efektivnéjsi terapii pii intoxikacich a teoreticky také ke zmirnéni symptomi zminénych

chronickych onemocnéni.
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Auxiny piedstavuji skupinu fytohormont, které se podileji na regulaci vyvojovych a
rastovych procest rostlin. Maji naptiklad vliv na rust a diferenciaci bunék, tropické reakce i
celkovou morfogenezi rostlin. Jejich G¢inky jsou silné zavislé na koncentraci, lokalizaci a
vyvojovém stadiu pletiva.

Analytické stanoveni auxind je vzhledem k jejich nizkym koncentracim a komplexnim
rostlinnym matricim naro¢na a klade vysoké naroky na citlivost pouzité metody. Standardni
ptistupy obvykle vyuzivaji slozity protokol zahrnujici purifikaci vzorku, nejcastéji pomoci
SPE, ktera slouzi ke snizeni obsahu matri¢nich latek a omezeni matri¢nich efektii. Tento krok
ma své opodstatnéni, ale zaroven nese nevyhody v podobé mozné ztraty analytu, ¢asové
narocnosti a rizika ztraty volatilnich slou¢enin béhem odpatrovani.

Metoda ptimého nastiiku je zaloZena na aplikaci extraktu bez piedchoziho preéisténi.
Vyhodou je eliminace kroki, pfi kterych mtze dochéazet ke ztratdm analytu, a zjednoduseni
celého pracovniho postupu. Na druhou stranu se tim zvySuji naroky na vykon a robustnost
analytického pftistroje, zejména kviili matri¢nim efektim. Tyto metody jsou bézné vyuzivany v
humanni metabolomice, kde je matrice (napf. plazma) vyrazné€ jednodus$si neZ u rostlinnych
vzorkli. Rozhodli jsme se proto prozkoumat moznosti vyuziti této strategie i pro analyzu
fytohormon.

Ukaézalo se, ze 10% methanol je vhodnym rozpoustédlem pro extrakci auxintl, ktery je
zaroven kompatibilni se zavedenymi chromatografickymi metodami. To eliminuje nutnost
meénit rozpoustédla a umoZznuje provést extrakci 1 analyzu ve stejném prostiedi. Celkovy signal
v hmotnostni spektrometrii v§ak miZe byt ovlivnén nejen volbou solventu, ale také extrakénim
objemem, hmotnosti vzorku nebo objemem nastiiku. Cilem této studie je proto nalézt
nejvhodnéjsi kombinaci téchto tii parametri. Vzhledem k tomu, ze vysledné hodnoty jsou
ovlivnény matricovymi efekty a extrak¢éni kapacitou, neni postupnd zména jednotlivych
parametrti vzdy spolehlivou cestou k nalezeni pravého optima. Z tohoto diivodu jsme zvolili
ptistup faktorialniho navrhu experimentu, ktery umoznuje optimalizaci vSech parametru
soucasn¢ pomoci mnohondsobné line4rni regrese.

Piedbézné vysledky naznacuji, Ze po dikladné optimalizaci mize byt metoda primého
nastiiku €¢inné€ vyuzitelna i v rostlinné metabolomice a pfi analyze fytohormoni.

Tato prace byla podporena prostrednictvim ERC Synergy projektu STARMORPH
(¢. 101166880) v ramci vyzkumného a inovacniho programu Evropské unie Horizon Europe.
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Plant immunity is defined as the capacity of plants to prevent or ward off biological
attacks by pathogens. It involves the recognition of the pathogen by specific receptors and the
triggering of signalling pathways leading to processes that help plants defend themselves. The
defence signalling is mediated by the cross-communication of groups of plant hormones.
Salicylic acid (SA) is one of the most pronounced plant hormones involved in control of
immunity and defence mechanisms in plants. Defence related SA accumulation comes from its
biosynthesis, transport and possible release from some of its metabolites. The involvement of
SA biosynthetic pathways as well as extend of SA metabolism in various plant species are still
under investigation. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) is one of
the most commonly used analytical techniques in plant hormone quantification. The selectivity
and high sensitivity enable to track typically low concentrations of phytohormones. The
comprehensive multiclass phytohormone LC-MS/MS profiling methods usually include only
SA (as the active compound) from the group of SAs. LC-MS/MS methods for determination of
defence related phytohormones focus on SA, or some on its biosynthetic precursors or
metabolites. In this study, we focus on identification of new SA metabolites and development
of liquid chromatography-mass spectrometry methods.
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An optimized LC-MS method was developed for the simultaneous quantification of seven
antiseizure medication (ASM) in alternative biological matrices—saliva and dried blood spots
(DBS). Reasoning is based on growing interest in the assessment of ASM in non-traditional
matrices and their potential application in therapeutic drug monitoring and personalized
treatment. Saliva provides a non-invasive and easily accessible alternative to venous blood
sampling, while DBS enables minimally invasive collection of capillary blood, making both
matrices suitable for clinical and pharmacokinetic studies or for routine therapeutic drug
monitoring on outpatient settings.

Method’s applicability is demonstrated by the low-volume sampling of 20 pL of saliva and
45 pL of capillary blood. An extraction based on organic solvent-induced protein precipitation
was employed for both matrices, using a methanol, acetonitrile, and water mixture (7:2:1, v/v/v)
to efficiently extract all seven analytes. Our data indicated that an extraction solvent mixture is
suitable for both matrices and overall workflow including LC-MS leads to accurate and precise
results. The simple sample preparation approach enabled reliable analysis from small volumes
documented by linear calibration lines in the range from 1 to 100 pg/mL for most of drugs in
the study and 10-150 pg/mL for valproic acid in DBS. Concentration range in saliva was
derived from free fraction concentration, the part of drug which is not bound to plasma proteins.
To generalize, the range in saliva was mostly 0.5-50 pg/mL, only for levetiracetam it was the
same range as in DBS due to its low protein binding.

Further, all ASM were successfully quantified in positive ionization mode—including valproic
acid, which is commonly determined in negative mode. Additionally, samples from the selected
group of patients were analysed and the resulting concentrations were compared with plasma
levels determined by the hospital’s established clinical method. The results are promising for
future clinical validation and prospective studies with vulnerable patient populations or home
sampling scenarios.

This work was financially secured by Czech Health Research Council, project No. NU23-08-
00229.
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Metabolomic profiling enables comprehensive characterization of small-molecule
metabolites in biological samples and offers critical insights into disease progression,
therapeutic response, and physiological stress. Metabolomics plays a pivotal role due to the
functional relevance of metabolites in core cellular processes and their sensitivity to
pathological alterations.

In this study, we investigated metabolic changes in cancer patients with and without
spontaneous tumor regression, focusing on amino acid and lipid metabolism. Quantitative
analysis of 20 proteinogenic amino acids revealed that levels of glutamine (GlIn), glycine (Gly),
serine (Ser), and proline (Pro), closely linked to oncological processes, varied significantly with
disease stage, and were distinctly altered in patients exhibiting spontaneous tumor regression.
These findings suggest that their metabolic flux is closely associated with anabolic pathways
driving tumor progression or regression. Further investigation revealed alterations in isoleucine
(lle), arginine (Arg), tryptophan (Trp), and lysine (Lys), amino acids known to support cancer
cell proliferation, immune evasion, and apoptotic resistance, underscoring their involvement in
cancer-specific metabolic reprogramming. In addition to amino acid dysregulation, substantial
differences in lipid metabolism were observed between patients with active disease and those
in remission. Notably, the levels of sphingomyelins (SMs), triglycerides (TGs), and
phosphatidylethanolamines (PEs) differed significantly, potentially reflecting a shift from
tumor-associated lipid remodeling to lipid profiles characteristic of metabolic stabilization and
cellular homeostasis in non-cancerous states.

These findings support the hypothesis that distinct metabolic signatures, particularly in
amino acid and lipid metabolism, are linked to tumor behavior and may serve as potential
biomarkers for disease monitoring and therapeutic outcomes.

This work was supported by grants APVV-22-0313, APVV-21-0321, and VEGA 2/0075/24.
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Neurotransmitters are crucial chemical messengers involved in the regulation of
numerous physiological and neurological processes, including mood, cognition, and motor
control. Accurate analysis of these compounds in biological matrices is essential for clinical
diagnostics and neuroscience research. However, the analysis of neurotransmitters presents
significant analytical challenges due to their low endogenous concentrations, diverse
physicochemical properties, and inherent instability.

The objective of this study was to develop and optimize a method for the analysis of ten
selected neurotransmitters using ultra-high-performance liquid chromatography coupled with
tandem mass spectrometry (UHPLC-MS/MS). During method development, various stationary
phases were evaluated in both reversed-phase and hydrophilic interaction liquid
chromatography (HILIC) modes. In the reversed-phase mode, different types of C18 stationary
phases were tested, along with a pentafluorophenyl (PFP) stationary phase. Similarly, several
HILIC stationary phases were evaluated, such as those modified with amide groups or charged
functionalities. VVarious mobile phase compositions were also tested: aqueous components with
different pH and methanol and acetonitrile as organic modifiers. Methanol, when used as an
organic modifier in the reversed phases mode, did not significantly improve separation
performance compared to acetonitrile; however, it enhanced sensitivity for certain analytes. The
solvent used for the standard mixture also had a notable impact on peak shape and MS/MS
detection sensitivity. Additionally, the stability of selected analytes was evaluated in different
solvents (water, acetonitrile, and a mixture of water/acetonitrile 1/1 (v/v)) and in the presence
of additives regulating pH (0.1% formic acid, 1% formic acid, or 3% NHz3). Some analytes
exhibited very poor stability under basic pH conditions, which should be carefully considered

during method development for sample preparation.

This work was supported by the project NETPHARM, ID CZ.02.01.01/00/22_008/0004607.
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Fenolické slouceniny piedstavuji riznorodou skupinu latek, ktera obsahuje minimalné
jednu hydroxylovou funkéni skupinu vazanou na benzenovy kruh. Mezi rostlinné fenoly fadime
fenolové kyseliny a jejich derivaty, tfisloviny, flavonoidy a dalsi. Jsou to latky vykazujici
redukéni a antioxidac¢ni u€inky. Bohatym zdrojem téchto zdravi prospéSnych latek je ovoce.
Existuji rozdily v obsahu fenolickych latek v rdmci riznych odrid, ale i ¢asti ovocnych stromi
[1]. Praveé listy, jakozto zdroj polyfenolickych latek, mohou byt vramci recyklace
zemeédelského materialu vyuzity jako potencionalni surovina pro dalsi zpracovani. Nas§ vyzkum
se zabyval selekci vhodného hrusnového a jabloniového listi s vysokym obsahem vybranych
fenolickych latek (floridzin, kyselina chlorogenova, rutin a kvercitrin u jablong, arbutin u
hrusné) béhem vegetacniho obdobi. K testovani byly vybrany bézné péstované komeréni
odriidy jablon¢: "Gala’, "Golden Del.”, Idared” a hrusné: "Konference’, 'Thirriotova’
"Williamsova'. Déle vyzkumem vlivu suSeni na obsah téchto latek. Byly porovnany nésledujici
techniky suseni: laboratorni teplota 21 °C, lyofilizace, susarna 35 °C a velkokapacitni suSarna

35 °C. Vzorky byly analyzovany pomoci optimalizované a validované metody HPLC-DAD.

Vzhledem k tomu, Ze se jedna o vyuziti odpadni biomasy po skliznu plodd, jevi se jako
idedlni pro odbér listi s vysokym obsahem floridzinu mésic zafi. V nasledujicich mésicich jiz
dochézelo vétSinou k poklesu jeho obsahu. Technologie suseni vhodna pro zachovani floridzinu
Vv listech se jevi suSeni pii teplote¢ 35 °C. Obdobné vysledky byly pozorovany i u arbutinu
V hrusiiovém listi. Odrada hrusn€ s nejvy$Sim obsahem arbutinu byla pozdni odrtda

"Thirriotova’.
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Oxysterols represent an important group of oxygenated cholesterol derivatives that are
considered natural regulators of cellular signalling [1-4]. They exhibit immunomodulatory
properties and are physiologically involved in various processes, such as the biosynthesis of
steroid hormones and fatty acids, as well as the maintenance of cholesterol homeostasis. They
are also believed to play a role in the pathogenesis of a wide range of diseases, including
cardiovascular (e.g. atherosclerosis), neurodegenerative (e.g. Alzheimer’s disease), oncological
(e.g. breast, lung, or gastric cancer), and other disorders [2, 4-7]. In the human body, oxysterols
are primarily formed through intracellular enzymatic oxidation of cholesterol, although their
production can also result from non-enzymatic autooxidation. A prerequisite for the
comprehensive study of oxysterol metabolism is the availability of reliable analytical tools.

This study presents a high-performance analytical method based on time-efficient
sample preparation and sensitive detection using ultra-high performance liquid chromatography
coupled with tandem mass spectrometry (UHPLC-MS/MS), enabling metabolic profiling of
selected oxysterols in human blood serum. Highly efficient chromatographic separation on a
reversed-phase column enables the simultaneous profiling of ten metabolically related
oxysterol compounds in a single experiment, even from serum samples of only a few
microlitres. The developed and validated method is suitable for targeted metabolomic studies
aimed at monitoring changes in oxysterol metabolic pathways under various physiological and
pathological conditions. The results obtained may contribute to the identification of potential
biomarkers for disease prevention, diagnosis, or progression monitoring, and support the

development of improved therapeutic strategies.

This work was supported by the project "Interdisciplindrni pristupy pro vyvoj a aplikace novych
materialu v medicinské praxi — Nové omické technologie" (CZ.02.01.01/00/23_021/0009224).



References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

K. Borah, O. J. Rickman, N. Voutsina, I. Ampong, D. Gao, E. L. Baple, I. H. Dias, A. H.
Crosby, H. R. Griffiths, A quantitative LC-MS/MS method for analysis of mitochondrial-
specific oxysterol metabolism. Redox Biol. 36 (2020) 101595.

L. Chen, R. Xiu, H. Wang, L. X. Wang, G. M. Wu, J. Liang, X. F. Han, Simultaneous
quantification of ten oxysterols based on LC-MS/MS and its application in atherosclerosis
human serum samples. Chromatographia. 82 (2019) 553-564.

F. A. de Freitas, D. Levy, C. O. Reichert, E. Cunha-Neto, J. Kalil, S. P. Bydlowski, Effects
of oxysterols on immune cells and related diseases. Cells. 11 (2022) 1251.

A. Kloudova-Spalenkova, P. Holy, P. Soucek, Oxysterols in cancer management: From
therapy to biomarkers. Br. J. Pharmacol. 178 (2021) 3235-3247.

I. H. K. Dias, H. Shokr, F. Shephard, L. Chakrabarti, Oxysterols and oxysterol sulfates in
Alzheimer's disease brain and cerebrospinal fluid. J. Alzheimers Dis. 87 (2022) 1527-1536.
A. Papassotiropoulos, D. Liitjohann, M. Bagli, S. Locatelli, F. Jessen, M. L. Rao, W. Maier,
I. Bjorkhem, K. von Bergmann, R. Heun, Plasma 24S-hydroxycholesterol: A peripheral
indicator of neuronal degeneration and potential state marker for Alzheimer's disease.
Neuroreport. 11 (2000) 1959-1962.

A. Kloudova-Spalenkova, Y. F. Ueng, S. Wei, K. Kopeckova, F. Peter Guengerich, P.
Soucek, Plasma oxysterol levels in luminal subtype breast cancer patients are associated
with clinical data. J. Steroid Biochem. Mol. Biol. 197 (2020) 105566.



Removing contaminating ions in QO region to increase robustness of MS
analyzer

Tomas Korba

AMEDIS, Praha
e-mail: korba@amedis.cz

Keywords: LC/MS/MS, Mass Guard, contamination, robustness

The role of the interface in mass spectrometer with atmospheric ionization is to remove
neutral particles and focus as many ions as possible into mass analyzer. Beside ions of interest,
also ions of background are focused. In triple quadrupole analyzer (QQQ) quadrupole 1 (Q1)
selects ions that continue to collision cell (Q2) and quadrupole 3 (Q3). Unused ions are
discharged by collisions with Q1 causing a deposit of contamination. This leads to the decrease
of performance, especially the sensitivity.

Novel bandpass filter, Mass Guard, in SCIEX Triple Quad 7500+, allows to remove
unwanted ions already in the interface region, namely quadrupole 0 (QO). T shape electrodes
are inserted between rods of QO. Applied voltage adds octapole component to the radial
trapping field leading to the destabilization of bands of ions outside of the range of interest.

The outcome is improved robustness when working with complex matrices. Cleaning

of analyzer parts is less frequent.
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The extensive use of pesticides in agriculture has led to the presence of their residues in

soil, water sources, and crops. Among these, the herbicides chlormequat and mepiquat are
commonly employed to regulate plant growth. Both function by inhibiting gibberellin
biosynthesis: chlormequat limits cell elongation, resulting in shorter, sturdier stems, while also
influencing the plant’s developmental cycle, promoting flowering and increasing yield.
Mepiquat exhibits similar effects due to its comparable mode of action.
The European Union has established maximum residue limits (MRLS) in barley at 7 mg/kg for
chlormequat and 4 mg/kg for mepiquat. However, the extent to which these compounds are
transferred from raw brewing materials into beer remains poorly understood, and no regulatory
limits currently exist for their concentrations in beer.

This study aimed to develop and validate a rapid, cost-effective, and straightforward
analytical method for the simultaneous determination of chlormequat and mepiquat in beer. A
Dilute and Shoot strategy was evaluated: degassed beer samples were diluted with acetonitrile
and analysed using a Waters Acquity UPLC system coupled with a XEVO TQ-S micro mass
spectrometer with electrospray ionization (ESI). Chromatographic separation was achieved
using an isocratic elution on a Kinetex® 1.7 um (100 x 2.1 mm) HILIC column. Method
performance was assessed in terms of linearity, detection and quantification limits, precision,
and accuracy. Recoveries were 89% for chlormequat and 84% for mepiquat, with relative
standard deviations (RSDs) not exceeding 4%. A total of 86 beer samples were analysed,

revealing contamination in 77% of samples, with concentrations ranging from 0.1 to 45.3 pg/L.

This work was supported by the Ministry of Agriculture of the Czech Republic institutional
support MZE-R01923 and by the Specific University Research Project — A1 _FPBT_ 2025 005.
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Current symptomatic pharmacotherapy of Alzheimer’s disease primarily focuses on
acetylcholinesterase inhibitors and NMDA (N-methyl-D-aspartate) receptor blocking. Tacrine,
a molecule with both of the above mechanisms of action was withdrawn from the market in
2013 due to the hepatotoxicity of its metabolite 7-OH-tacrine.! The introduction of phenoxy-
group to position 7 or chlorine into position 6 led to 7-phenoxy-, and 6-chloro-tacrine. These
substitutions may potentially hinder the formation of toxic species.

The main aim of our work was to develop a very selective UHPLC-Orbitrap method to
reveal whether the tacrine substitution reduces the formation of 7-OH-tacrine. Our newly
developed UHPLC-MS/MS method enabled the separation and identification of sixteen tacrine,
fifteen 7-phenoxy-, and fourteen 6-chloro-tacrine structurally very similar metabolites.® The
main biotransformation pathway of these compounds is their mono- and di-hydroxylation.
Moreover, in MS spectra some newly discovered unpublished tacrine metabolites were found.
Based on the relative amount of individual metabolites, it was revealed that 7-phenoxy- and 6-
chloro- substitution of the tacrine moiety significantly reduced the formation of the toxic
precursor 7-OH-tacrine. In addition, some of the identified metabolites proved promising
acetylcholinesterase inhibition in combination with NMDA receptor blocking and could be

therefore considered as potentially useful drugs in Alzheimer’s disease therapy.
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Sucha kapka krve je alternativni biologickd matrice, kterd je dobie zavedena
V novorozeneckém screeningu zavaznych a vzacnych onemocnéni. V poslednim desetileti je
tento typ vzorku kapilarni krve intenzivné¢ studovan pro vyuZziti pfi terapeutickém monitorovani
1é¢by a personalizované medicin€. Stanoveni analytu pak probiha idealné z celé skvrny
znamého objemu (10-50 pl), coz zajist'uje spravnost analyzy s ohledem na moznou variabilitu
hematokritu.

Klozapin je atypické antipsychotikum, které byva nejcastéji indikovano pii lécbe
rezistentni schizofrenie. Jeho ddvka je nastavovadna postupné tak, aby byly minimalizovany
nezddouci uCinky. Plazmatické koncentrace klozapinu vykazuji pomérné znacnou
interindividualni, ale i intraindividualni variabilitu. Dodrzovani 1é¢by je pak kritickym
aspektem managementu schizofrenie, protoze nizka adherence vede k nizké efektivité.
Terapeutické monitorovani 1écby je také doporuceno z ditvodu Uzkého terapeutické rozmezi
a omezeni toxickych Uc¢inkl 1é¢iva. V soucasnosti se provadi z plazmy, jez vyzaduje odbér
zhruba 5 ml plné krve.

Diilezitou soucasti analytického procesu je zpracovani vzorku pred samotnou analyzou
(dnes nejcastéji LC-MS). V ptipadé suché kapky krve jde o uvolnéni analytu z matrice, extrakci
a pripadné dalsi precisténi/zjednoduseni matrice vzorku pted separaci. Cilem tohoto projektu
bylo stanovit vliv nosice suché kapky (dva typy odbérovych karet a jedna polymerni matrice),
vliv zvlh¢eni, sloZeni extrakéni smési a doby extrakce/eluce na extrakéni ucinnost klozapinu
a jeho metaboliti — N-desmethylklozapinu a klozapin-N-oxidu. Pro analyzu byly vyuzita
LC-MS metoda pomoci gradientové eluce na Kinetex C18 koloné (Phenomenex, Némecko).
LC eluat byl ptes ESI zdroj zaveden do hmotnostniho spektrometru (Ion Trap 6320, Agilent
Technologies, Némecko). Identifikace byla provedena na zaklad¢ retencniho Casu a m/z
([IM+H]"). Po optimalizaci podminek byla metoda validovdna v zéakladnich parametrech.
Prospektivné budou korelovany koncentrace klozapinu a jeho metabolitli stanovené v DBS

pfipravenych riznymi zplsoby s koncentracemi stanovenymi v plazmé u redlnych pacientti.

Tato prace byla financné podporena projektem MUNI/A/1684/2024.
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Brefeldin A (BFA) is a 13-carbon macrolide lactone antibiotic possessing antitumor,
antiviral, and antifungal activities. It was first isolated (with the original name decumbin) from
Penicillium decumbens by Singleton et al. [1]. During past years, BFA has been totally synthesized
by several methods. Although BFA exhibits strong cytostatic activity accompanied by low toxicity,
it could not be established as an anticancer agent because of its low bioavailability and poor
pharmacokinetics. Therefore, it was necessary to prepare its analogs and derivatives with cytostatic
activity similar to that of BFA but with improved in vivo stability and solubility in aqueous systems.

In this contribution, achiral and chiral separations of BFA and its several derivatives
including their diastereomers will be presented. All compounds were analyzed by a special method-
capillary micellar electrokinetic chromatography (MEKC). MEKC is able to separate and analyze
neutral compounds based on their different interactions with micellar pseudostationary phase. The
analyses were performed in Beckman-Coulter MDQ analyzer equipped with diode array UV-
absorption detector set at 200 nm, and bare fused silica capillary, ID/OD 50/375 um, total/effective
length 399/297 mm.

For the purity analyses, the background electrolyte (BGE) consisted of 20 mM Tris, 5 mM
H3POs, 50 mM sodium dodecyl sulfate (SDS), pH 8.1, where SDS formed micellar
pseudostationary phase. The sample purity varied from 32.9 % to 92.3 %.

Diastereomers were separated in the above BGE containing 10-60 mg/mL of 2-
hydroxypropyl-B-cyclodextrin (2-HP-B-CD) as a chiral selector. All pairs of diastereomers were
baseline separated with resolutions higher than 1.5. The effective electrophoretic mobilities of all
analytes in the dependence on the concentration of 2-HP-B-CD in BGE were calculated from the
MEKC data. They varied in the range from -36.9 to -34.9 [10° m?V-'s™'] in BGE free of chiral
selector and in the range from -18.9 to -5.2 [10”° m?V-1s!] in the BGE containing 60 mg/mL of 2-
HP-B-CD.

The work was supported by the Czech Academy of Sciences, the project no. RVO 61388963.
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Trifluoroctova kyselina (TFA) se fadi mezi tzv. per- a polyfluorované alkylové latky
(PFAS) s ultrakratkym fetézcem (USC-PFAS) obsahujicim tfi a méné atomut uhliku. Diky svym
fyzikéalné-chemickym vlastnostem USC-PFAS voln¢ disociuji ve vodnim prostiedi a jsou méné
nachylné k sorpci na piirodni pevné latky. V dasledku vysoké mobility ve vodnim prostiedi se
mohou §ifit daleko od zdroju kontaminace. TFA je v Zivotnim prostiedi nachazena v atmosféte,
vode i v pade a jeji kumulativni uvoliiovani z ¢etnych zdroji vyvolava obavy z potencialnich
dlouhodobych rizik.

Navzdory zjisténému vyskytu a potencidlnim rizikiim TFA zatim neni v mnoha zemich
specificky regulovana. Na urovni Evropské unie ani v mnoha c¢lenskych statech neexistuji
specifické pravné zavazné limity pro pitnou vodu nebo v zivotni prostiedi. Nékteré ¢lenské
staty jako Dansko, Némecko, Holandsko a Svédsko maji nastaveny vlastni prahové hodnoty
pro pitnou vodu. Sledovani TFA je zahrnuto také v ramci Smérnice EU 2020/2184 o jakosti
vod urcené k lidské spotiebé v ramci parametru ,,celkové (total) PFAS*. Smérnice bude od roku
2026 zavazna pro Clenské staty EU. Probihaji také diskuse a pfipravuji se navrhy na omezeni
nebo zakaz pouzivani latek, ze kterych TFA vznika (PFAS s del§im fetézcem, nékteré pesticidy,
chladiva atd).

Tento prispévek se zaméfuje na problematiku stanoveni TFA ve vodach pomoci
techniky vysokouc¢inné kapalinové chromatografie s tandemovou hmotnostni spektrometrii
(LC-MS/MS), kdy je vzorek analyzovan bez vyrazné piedchozi upravy, ¢i zakoncentrovani,
metodou piimého nastiiku. Diskutovany budou jednotlivé kroky optimalizace metody, jako
vybér vhodnych rozpoustédel (z pohledu Ccistoty), slozeni mobilni faze, vybér vhodné
analytické kolony, objem nastiiku vzorku. Vysledky budou hodnoceny piedevsim z pohledu

matri¢nich efektt a dosazitelnosti limitd kvantifikace metody na trovni 0,03 ug/L.
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New lipidized analogs of peptides (ghrelin, prolactin-releasing peptide (PrRP) and cocaine-
and amphetamine-regulated transcript peptide (CARTP)) are studied for regulation of food intake
[1]. Prior to their application, nine newly synthesized (lipo)peptides (3.3-4.7 kDa) have to be
analyzed and characterized. Hence, the aim of this work was to characterize their acid-base and
electromigration properties by capillary zone electrophoresis (CZE). CZE was employed for the
determination of thermodynamic acidity constants (pKa) and actual ionic mobilities of the above
nine (lipo)peptides. Their effective electrophoretic mobilities were measured by CZE in a series of
the BGEs within a wide pH range (2.0-12.0), at constant ionic strength (25 mM) and constant
temperature (25°C) [2]. Thermodynamic pKa of acidic groups such as a-COOH was in the range
1.69-2.98, pKa of carboxyl group of Asp was in the range 2.01-3.59, pKa of carboxyl group of Glu
was in the range 3.23-4.76, hydroxyl group of Tyr was in the range 9.74-9.97, and pKa of basic
groups, such as imidazolium group of histidine residues was in the range 5.83-7.20, pKa of a-NH3*
group was in the range 7.24-7.90, and pKa of e-NHs" group of lysine spanned the interval 10.01-
10.34, and pKa of guanidinium group of Arg was in the range 10.64-11.24, depending on the
particular amino acid sequence of the peptides and fatty acid attached to peptide chain.
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Cocrystal-based drugs are of ongoing interest for pharmaceutical industry as this
technology allows to improve the stability, solubility, and bioavailability of drugs without
changing their structure. In this work, the acidity constants of five chloro-nitrobenzoic acids
that were part of salt/cocrystal systems composed of chloro-nitrobenzoic acid positional
isomers and quinoline were determined by capillary electrophoresis (CE). The mixed acidity
constants, pKamix, and the actual ionic mobilities of the chloro-nitrobenzoic acids were
determined by the nonlinear regression analysis of the pH dependence of their effective
electrophoretic mobilities [1]. The CE measurements of effective mobilities were performed in
aqueous background electrolytes in pH range 0.95-6.00 at constant temperature (25°C) and
ionic strength (25 mM; except for two lowest pH values). The pKamix, values were recalculated
to the thermodynamic acidity constant, pKan, using the Debye-Hiickel theory. The pKa values
of the chloro-nitrobenzoic acids were in the range of 1.62—2.05 [2]. Their actual ionic mobilities
were in the range (-25.6—-27.1) x 10° m?Vv-1s,
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