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1. Pritokova injekéni analyza

Pratokovou injek¢ni analyzu (FIA) vynalezli v roce
1975 Jarda Ruzi¢ka (Cechoslovak) a Elo H. Hansen na
Danské technické univerzité v Lyngby'. Vyzkum této ino-
vativni techniky v Ceskoslovensku zagal po¢atkem 80. let
na Katedfe analytické chemie Farmaceutické fakulty
v Hradci Kralové Univerzity Karlovy. Diky zkuSenostem
se spektrofotometrickymi pritokovymi méfenimi byl jen
maly kracek ke konstrukci FIA pfistroje a jeho vyuZiti pro
automatizaci analytickych stanoveni s vyuzitim Ccinidel.
Taktéz mala dostupnost modernich a drahych pfistroji
v tomto obdobi pomahala §ifeni technicky jednoduché FIA
techniky. Od poloviny 80. let bylo publikovano nékolik
praci v ¢eskoslovenskych ¢asopisech, po nichz nasledovala
v roce 1989 (cit.”) prvni mezinarodné publikovana prace
v Casopise Analytica Chimica Acta popisujici systém pro
stanoveni mocoviny v télnich tekutinach s vyuzitim imobi-
lizovaného ureazového reaktoru se sorbentem z porézniho
skla.

V tomto raném obdobi bylo nejvétsi vyzvou zkonstru-
ovat zafizeni, které by umoznovalo davkovat pfesné obje-
my vzorku do proudu ¢inidla. Po mnoha pokusech umoznil
ruéné ovladany ventil vyrobeny ve fakultni dilné soucasné
vstiikovani dvou roztokll v rozmezi 20 az 200 mikrolitri.
Ke zkonstruovani FIA analyzatoru uz zbyvalo vyrobit jen
peristaltické cerpadlo, misici a reakéni civky a pro spojeni
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pouzit vhodné konektory (obr. 1). Tento analyzator byl
velice pokrokovy a stal se vzorem pro sériovou vyrobu.
Nastésti se nasel i vhodny vyrobce — Jednotné zemédélské
druzstvo 1. m4j v obci Pouchov u Hradce Kralové. Tento
analyzator FIA 20, vybaveny fotometrem SPEKOL
(vyrobenym ve vychodnim Némecku v tehdejsi NDR)
a zapisovaem grafll, se stal milnikem ve vyuZivani FIA
v Ceskoslovensku. V agrochemickych a primyslovych
laboratoftich se rozsifil i diky vyuce provadéné na Farma-
ceutické fakults®. Koncem 80.let bylo vyvinuto mnoho
protokolti pro stanoveni s vyuzitim riznych ¢inidel, véetné
stanoveni chloridd, amoniaku, dusitant, dusi¢nant, fenold,
boru a molybdenu v pidé, vodé a rostlinnych materialech.
K dispozici byly také protokoly FIA pro stanoveni vapni-
ku, bilkovin a dalsi klinickych analyt. Klicovy podil na
pocatcich a rozvoji FIA v této dobé méli prof. Rolf Karli-
¢ek, doc. Miroslav Polasek a prof. Petr Solich.

Po padu zelezné opony v roce 1989 jsme mohli vy-
cestovat do zahrani¢i a Siroce prezentovat na§ vyzkum na
mezinarodnich setkanich a v mezinarodnich casopisech,
kde se nase prace postupné stala uznavanou. Na
9. International Conference on Flow Injection Analysis
(ICFIA) v Orlandu v roce 1997 jsme navazali tizkou spolu-
praci se zakladateli FIA a sekvencni injekéni analyzy
(SIA) — Jardou Razickou, Elo H. Hansenem a Garrym
Christianem. Pot¢é nam byla svéfena organizace
10. konference ICFIA v Praze v roce 1999. V roce 2008
jsme usporadali prvni mezinarodni konferenci SIA v Hrad-
ci Kralové, poté mezinarodni konferenci Flow Analysis
v roce 2015 v Praze a spolecné s Jagellonskou univerzitou
v polském Krakové konferenci FA&CE 2018 (Flow Ana-
lysis and Capillary Electrophoresis) v Hradci Kralové.

Na pielomu tisicileti se vyzkum diky mlad$im véd-
ciim rozsifil o novsjsi SIA techniku — H. Sklenafova™>;
kombinaci metody SIA s monolitickou kolonou s nazvem
Sequential Injection Chromatography (SIC) — P. Solich,
D. Satinsky a P. Chocholous’; a techniku Lab-in-Syringe
vyuzivajici rezervoar pistového cerpadla jako reakeni/
extrakéni komoru — B. Horstkotte’. Uzka spoluprice
s vyrobci pratokovych analyzatort (FIAlab a GlobalFIA,
oba z USA) podpotila vyznamny vyvoj v konstrukci Cer-
padel a pritokovych systémi. Ceské laboratofe navitivila
a spolupracovala na vyzkumu fada védct zabyvajicich se
pritokovou analyzou a pfibuznymi technikami z Rakous-
ka, Svédska, Slovenska, Ukrajiny, Ruska, Portugalska,
gpanélska, Némecka, Argentiny, Brazilie, Japonska, Aus-
tralie, jmenovité Jarda Razi¢ka s podporou prestizniho
Fulbrightova programu v roce 2008. Vyznamny pocet
automatizovanych metod pro SPE (Solid Phase Extraction
— extrakce tuhou fézi), véetné testovani nanovlaken jako
sorbentd SPE®, SIC’®, riznych miniaturizovanych metod
LLE'" (Liquid Liquid Extraction — extrakce kapalnou fazi)
véetné techniky Lab-in-Syringe, a dokonce i extrakce do
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Obr. 1. FIA analyzator zkonstruovany na Katedie analytické
chemie Farmaceutické fakulty v Hradci Kralové Univerzity
Karlovy a vyrobeny ve spolupraci s Jednotnym zemédélskym
druzstvem 1. maj v obci Pouchov u Hradce Kralové (80. 1éta
20. stoleti). Vicekanalovy analyzator vybaveny dvéma peristaltic-
kymi pumpami, dvojitym davkovacim ventilem a jednotkou
s misicimi body; opticka detekce pomoci fotometru Spekol
s pratokovou celou.

jedné kapky v plné automatizovaném rezimu''. Metody
ptipravy vzorki byly online spojeny s HPLC'?, GC'* nebo
ICP". Daldim zaméfenim vyzkumu je sledovéani kinetic-
kych profilt uvoliiovani G¢innych latek z novych farma-
ceutickych piipravki'® nebo sledovani interakci mezi uéin-
nymi/toxickymi latkami a bun&nymi membranovymi
transportéry v realném &ase'. Na dlouhy seznam publiko-
vanych ¢lankd v renomovanych Casopisech ISI navazuje
nékolik narodnich patenti a hostovani online tutorialu
o pratokové injekéni analyze na serveru Farmaceutické fa-
kulty Univerzity Karlovy, jehoZ autorem je Jarda Riizicka'”.

V poslednich 25 letech se v Ceské republice zabyvaly
rozvojem prutokové analyzy i dalsi skupiny z Pfirodové-
decké fakulty Univerzity Karlovy.

Milniky ve vyvoji pritokové analyzy
v Ceské republice

1985 prvni pfistroje FIA

1998 spojeni FIA-SPE pro online extrakci

2001 chemiluminiscence v SIA

2002 prvni pfistroj SIA (a software)

2002 SIA-SPE pro online extrakei

2002 SIC (sekven¢ni injekéni chromatografie)

2003 sledovani uvoliiovani 1é¢iv z Iékovych forem na
bazi SIA

2009 1. generace komerc¢ni SIC

2010 DLLME (disperzni mikroextrakce kapalina-
kapalina) vyuzivajici dvouventilovy SIA

2015 2D SIC

2016 sledovani permeace 1é¢iv ptes bunécnou
monovrstvu na bazi SIA

2018 2. generace komerc¢ni SIC

2018 LIS GC (spojeni Lab-in-Syringe s plynovou
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chromatografii)

2019 LIS HPLC (Lab-in-Syringe s kapalinovou
chromatografii)

2019 SIA + 3D tiSténé ¢asti analyzatoru

2. Kapilarni elektroforéza

Elektroforetické analytické metody maji dlouhou
historii, po¢inaje zakladni teoretickou praci Kohlrausche'®
z roku 1897, ptes pocatek minulého stoleti, kdy se objevily
prace Tiseliuse o mobilitich slabych elektrolyta'®, prace
Hjertena™ a Virtanena®', které stanovily zakladni koncepty
elektromigracnich technik, jako je izotachoforéza (ITP)
a kapilarni elektroforéza (CE).

Historicky maji v byvalém Ceskoslovensku elektrofo-
retické metody, jako je analytickd elektroforéza a izota-
choforéza, dlouhou tradici a studovaly se od 60. az 70. let
20. stoleti. Kolem roku 1970 byl k dispozici prvni komer¢-
ni izotachoforeticky pfistroj Svédské firmy LKB, ktery
bylo mozné s urcitymi Upravami pouZit i pro elektroforézu
v teflonovych kapilarach. Byla to st'astna shoda okolnosti,
7e védci z védeckych instituci byvalého Ceskoslovenska
méli velmi dobré kontakty s univerzitou v Eindhovenu
v Nizozemsku a jednim z prukopnikti ITP a CE, profeso-
rem F. M. Everaertsem. Na prikopnickych pracich v ob-
lasti elektroforézy se podilelo nékolik instituci, predevsim
Univerzita Karlova, Ustav analytické chemie CSAV
v B¢ a Univerzita Komenského v Bratislavé. Pravdépo-
dobné jednou z prvnich publikaci je spolecna publikace
prof. Jitiho Vacika a F. M. Everaertse o vyuziti protiprou-
du v izotachoforéze™. Jednim z dal§ich spoluautord této
publikace byl Jifi Zuska, ktery se pozd¢ji proslavil praci na
konstrukci bezkontaktnich vodivostnich detektorti® (spolu
s prof. Bohuslavem GaSem z Univerzity Karlovy). Inspiro-
van Everaertsovou praci pfispél prof. Petr Bocek a jeho
spolupracovnici z Ustavu analytické chemie v Brné vy-
znamn¢ k rozvoji teorie a metodiky moderni elektroforézy.
K pokroku této nové se rozvijejici techniky piispé€l i prof.
Dusan Kaniansky z Univerzity Komenského v Bratislave,
ktery mimo jiné inicioval vyrobu nového komercniho pii-
stroje pro analytickou izotachoforézu ve Spisské Nové Vsi
na Slovensku. Spole¢nost Villa Labeco® ma nyni téméf
tficetiletou historii Gspésné vyroby raznych elektroforetic-
kych piistroji. K teoretickému i praktickému rozvoji kapi-
larni elektroforézy vyznamné piispéli i dalsi badatelé, na-
piiklad prof. Zden&k Stransky> z Univerzity Palackého
v Olomouci nebo prof. Vladimir Jokl (Joklova rovnice
pohyblivosti iontd)*® z Farmaceutické fakulty v Hradci
Kralové Univerzity Karlovy a jejich spolupracovnici. His-
torické milniky ve vyvoji izotachoforézy a kapilarni elek-
troforézy v Ceské republice/Ceskoslovensku byly nedavno
publikovény v piehledovych &lancich®”*,

Pribéznym rozvojem od prikopnickych praci védci
v Praze, Brn¢ a Bratislavé si elektroforetické analytické
techniky ziskaly své stabilni misto témét ve vSech labora-
totich v Ceské republice. Jmenujme jen nékolik vyznam-
nych pracovist,, kterd se vyrazné zaslouzila o rozvoj elek-
troforézy, a pfipomenme praci profesora Bohuslava (Boba)
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Gase na Univerzité¢ Karlove, ktery v roce 1996 prevzal
vyzkumnou skupinu po profesoru Vacikovi. Je autorem
znamych  elektroforetickych  simula¢nich  programi
PeakMaster”’ a Simul*’, které umoziiuji provadét pocitado-
vé simulace elektroforetickych separaci. Bob Gas byl také
jednim ze spoluautori dvouelektrodového bezkontaktniho
vodivostniho detektoru®. Tento detektor donedavna vyré-
bél zesnuly elektrotechnik Jifi Zuska (2020) a jeho firma
Admet. Zasluhu na pozdgjsim vyvoji riznych metod vyuzi-
vajicich detektor C4D Jiftho Zusky ma i Petr Tima na Uni-
verzit€ Karlové, ktery jej aplikuje v 1ékarském vyzkumu.

Ustav analytické chemie AVCR v Brné je bezesporu
nejzndméjsi svym piinosem k rozvoji a propagaci elektro-
foretickych technik. Teoretické prace prof. Petra Bocka
a Dr. Petra Gebauera vysvétlily mnoho jevi, které se vy-
skytuji pti elektroforetickych separacich. Jednou z nejcito-
vangjSich praci je prace o separaci aniontll v pitné vodé
z roku 1983 (cit.*?). Mezi dalsi vyznamné vyzkumné prace
patii vyvoj CE délice vzorku (sample splitter) od Demla
a spol®® nebo vyuziti absorpce koiontli v nepiimé
UV detekei*®. Dal$i vyznamny piinos k instrumentélnimu
vyuziti elektroforézy a jejimu propojeni s hmotnostni
spektrometrii dosahl soucasny feditel ustavu Dr. Frantisek
Foret, ktery stravil vyznamny ¢as na Barnettové institutu
v Bostonu v USA a ve vyzkumu CE-MS pokracoval
v Brné. Vyvoj CE, vedeny mlad$imi védeckymi pracovni-
ky, Dr. Pavlem Kubaném, doc. Petrem Kubaném, Dr. Ja-
nou Kienkovou a dalSimi kolegy na oddélenich elektromi-
gracnich metod a bioanalytické instrumentace, smétoval
i k praktickym/klinickym aplikacim.

Dalsimi institucemi a védeckymi pracovniky v Ceské
republice, ktefi se aktivné zabyvaji kapilarni elektroforé-
zou, jsou prof. Vaclav Kagi¢ka na Ustavu organické che-
mie a biochemie AVCR v Praze, zabyvajici se rozvojem
teorie, metodologie a instrumentace kapilarnich elektromi-
gracnich metod a jejich aplikaci pro separaci, analyzu
a fyzikalné-chemickou charakterizaci (bio)molekul. Dale
pak jsou to védci na Univerzit¢ Palackého v Olomouci
(prof. Lemr, prof. Seveik, doc. Bednat, doc. Bartak,
doc. Petr), ktefi se zabyvaji studiem elektrochemické kon-
verze, ionizaci pii hmotnostné spektrometrickych mére-
nich nebo online prekoncentraci v kapilarni elektroforéze
a spojenim CE s ICP-MS pfti analyzach biologickych, fo-
renznich a archeologickych vzorkid, a doc. Pospisilova
s Dr. Urbankem pracujici na spojeni ITP a CZE.

Rada ¢lenti vyzkumnych tymd je &leny redakénich rad
vyznamnych analytickych casopisti (F. Foret, B. Gas,
V. Kasicka) a v Brn¢ je kazdorocné potradana mezinarodni
konference CECE  (Central European  Capillary
Electrophoresis).

3. Presah

Neni nahodou, Ze se v tomto ¢lanku hovoii soucasné
o metodach pritokové analyzy a kapilarni elektroforéze.
Kombinace automatizovanych schémat pritokové Gpravy
vzorkl se separacnimi technikami, jako je CE, mtze obec-
n¢ zvysit analyticky vykon obou analytickych technik. To
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si uvédomili jiz pred vice nez 20 lety Petr Kuban a Bo
Karlberg na Stockholmské univerzité, kde byl publikovan
prvni ¢lanek o spojeni prittokové analyzy a kapilarni elek-
troforézy®. Piiblizné ve stejné dobé piedstavil obdobny
koncept profesor Z. L. Fang®® v Ciné. Od té doby byly
vyvinuty rlizné pfistupy a zafizeni, véetn€ kombinace sek-
venéni injekéni analyzy s CE (SIA-CE)*’ predstavené jed-
nim z prukopnikt pritokové injekéni analyzy Jardou Ru-
zickou. Vyzkum ukazuje, ze tyto dvé techniky maji mno-
hem vice spole¢ného, nez by se na prvni pohled mohlo
zdat, a jejich ,,statek™ byl jisté tim Stastnym.

Cely ¢lanek je kompilaci mnoha pfib&hti naSich kole-
gl z minulosti, soucasnosti a snad i svétlé budoucnosti
téchto metod. VSem jim patii velky dik!

Tato publikace vznikla za podpory projektu
(¢. 21930006) spolufinancovaného viadami Ceské republi-
ky, Madarska, Polska a Slovenska prostrednictvim Vise-
gradskych grantii z Mezindrodniho visegradského fondu.
Poslanim fondu je prosazovat myslenky udrZitelné regio-
nalni spoluprdce ve stredni Evropé.

Hlavnim cilem projektu spolufinancovaného Mezind-
rodnim visegrdadskym fondem je vytvorit tematickou plat-
formu pro spoluprdci a integraci univerzit ze zemi Vise-
gradske skupiny (V4), které se zabyvaji vyzkumem a vyu-
kou v oblasti analytické chemie, zejména v oblasti priitoko-
vé analyzy a kapilarni elektroforézy. Vedoucim tymem
a koordinatorem projektu je Chemicka fakulta Jagelonské
Univerzity v Krakové a prof. Pawel Koscielniak. Partnery
Jjsou Farmaceuticka fakulta v Hradci Kralové Univerzity
Karlovy, Ustav analytické chemie Akademie véd Ceské
republiky v Brné, Prirodovédecka fakulta Univerzity P. J.
Safirika v KoSicich, Fakulta prirodnich véd Univerzity
Komenského v Bratislavé, Chemickd fakulta Univerzity ve
Varsavé, Prirodovédecka a technickd fakulta Univerzity
v Debrecenu a Vyzkumny ustav biomolekularniho a che-
mického inzenyrstvi Pannonské Univerzity. Spoluprace
téchto pracovist usnadni vymenu informaci v ramci labo-
ratornich postupii, zvySovani odbornych kompetenci vyu-
Cujicich a rozvoj jejich osobitych dovednosti, jakoz i vyme-
nu zkuSenosti v oblasti komunikace a navazovani partner-
stvi mezi védci a externimi subjekty. Ve vzddlenéjsi per-
spektivé proto miize prispét k implementaci vystupi vyzku-
mu do primyslového sektoru a do laboratori zabyvajicich
se rutinnimi analyzami a k zajmu vyrobci analytickych
pristrojit. Proces integrace presahujici hranice jednotli-
vych statii je tedy nezbytny pro posileni pozice univerzit
v regionu V4, ale i s ohledem na zdapadoevropské zemeé.
Integrace navic zvysuje pristup k financnim zdrojiim, coz
umoznuje realizovat hodnotné védecké a vyukové projekty.
Realizace predpokladanych cilit neprimo prispéje k rozvoji
inovativnich teSeni v oblasti analytické chemie, zvysSeni
mekkych i tvrdych dovednosti mladych védcii a studentii
a také ke spusteni programiui stazi. V dusledku toho budou
mit mladi lidé lepsi pristup na trh prdace, coz by mélo vést
ke zvysSeni konkurenceschopnosti zemi makroregionu V4.

Hlavni aktivitou projektu je sympozium "Pritokova
analyza a kapilarni elektroforéza” (V4-FACE 2020;
https://vdface.project.uj.edu.pl/en_GB/v4-project), uspora-
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dané diky epidemiologické situaci s rocnim odkladem 28.
6. — 1. 7. 2021 v distancni online formé vedouci skupinou
z Jagelonské univerzity v polském Krakove. Behem konfe-
rence byly predstaveny nejnovéjsi védecké poznatky a dis-
kutovany moznosti vyvoje a implementace analyzy v prii-
myslu spolu s naznacenim dalSich moznosti spoluprdce.
Miladi védci a studenti se zucastnili workshopii zamére-
nych na trénink dileZitych tvrdych dovednosti. Soucasny
stav a dalsi perspektivy vyuky analytické chemie na terci-
arni urovni byly diskutovany na specialné vyhrazeném
diskusnim foru.
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Czech Republic, ® Institute of Analytical Chemistry of the
Czech Academy of Sciences, Brno, Czech Republic): Brief
(Hi)story of Flow Injection Analysis and Capillary
Electrophoresis in the Czech Republic (Former Czech-
oslovakia)

This article describes the history, development, and
current state of two analytical methods to which Czech
scientists have made significant contributions. It describes
the first steps of these methods in Czechoslovakia during
the 1970s and 1980s, the development of the methods
through innovation, and the establishment of cooperation
with foreign scientists. Today, Czech scientists from the
Department of Analytical Chemistry, Faculty of Pharmacy
in Hradec Kralové, Charles University, and Institute of
Analytical Chemistry of the Czech Academy of Sciences
in Brno are among the major contributors to these fields of
analytical chemistry. The milestones in the development
and the prominent scientists mentioned in the individual
chapters give a chance for a bright future for these meth-
ods, not only in the Czech Republic.

Full text English translation is available in the on-line
version.

Keywords: flow injection analysis, capillary electro-
phoresis, history, milestones, current state


https://www.flowinjectiontutorial.com/
https://www.villalabeco.sk/

Chem. Listy /75, 658—661 (2021)

Review

BRIEF (H)STORY OF FLOW INJECTION ANALYSIS AND CAPILLARY ELECTRO-
PHORESIS IN THE CZECH REPUBLIC (FORMER CZECHOSLOVAKIA)

PETR CHOCHOLOUS?, MIROSLAV POLASEK®,
PeTR KUBAN®, and FRANTISEK FORET’

“ Department of Analytical Chemistry, Faculty of Pharma-
¢y in Hradec Kralové, Charles University, © Institute of
Analytical Chemistry of the Czech Academy of Sciences,
Veveri 97, 602 00, Brno, Czech Republic

Keywords: flow injection analysis, capillary electro-
phoresis, history, milestones, current state

1. Flow Injection Analysis

Flow Injection Analysis (FIA) was invented in 1975
by Jarda Rizicka (Czechoslovak) and Elo H. Hansen at the
Technical University of Denmark'. The research on this
innovative technique in Czechoslovakia begun in the early
'80s at the Department of Analytical Chemistry, Faculty of
Pharmacy in Hradec Kralové, Charles University. Their
previous experience with spectrophotometric flow-through
measurements made it only a tiny step to construct the FIA
manifold and adapt it to automate reagent-based assays.
The lack of sophisticated and expensive instrumentation
available at this period in Czechoslovakia favored a simple
FIA setup. Several papers were published in national jour-
nals from the middle of the '80s, followed by the first pa-
per published internationally in Analytica Chimica Acta in
1989 (ref.?) describing the system for determining urea in
body fluids utilizing an immobilized urease reactor made
of Control Porous Glass sorbent.

At this early period, the biggest challenge was con-
structing a device, which would allow the injection of pre-
cise volumes of sample into the flowing stream. After
many trials, the manually operated valve allowed precise
injection of two solutions within the range of 20 to 200
microliters simultaneously when fabricated in a faculty
workshop. The designing and fabricating of peristaltic
pumps, mixing connectors, and reaction coils completed
the FIA analyzer (Fig. 1). The setup was recognized as
a significant advance of then-existing technology and be-
came a model for serial production. Fortunately, an unusu-
al candidate was found in the Unified Agricultural Cooper-
ative "1* of May" in the village of Pouchov, near Hradec
Kralove. This FIA 20 Analyzer, furnished with SPEKOL
photometer (manufactured in East Germany), and chart
recorder, became a milestone in accepting FIA in our
country. It spread in agrochemical and industrial laborato-
ries thanks to the tutorials done in the Faculty of Pharma-
cy’. During the late '80s, many reagent-based assay proto-
cols, including chloride, ammonia, nitrite, nitrate, phenols,

boron, and molybdenum in soils, water, and plant materi-
als, were developed. FIA protocols for calcium, proteins,
and other clinical analytes became available too. The key
contribution to the beginnings and development of FIA in
this time was by Prof. Rolf Karli¢ek, Assoc. Prof. Miro-
slav Polasek a Prof. Petr Solich.

After the fall of the Iron curtain in 1989, we could
travel abroad and widely present our research at interna-
tional meetings and in international journals, where our
work became gradually recognized. At the 9™ International
Conference on Flow Injection Analysis conference in Or-
lando in 1997, we established a close collaboration with
the founders of FIA and Sequential Injection Analysis
(SIA) — Jarda Razicka, Elo H. Hansen, and Garry Chris-
tian. Then we were entrusted with the organization of the
10th ICFIA in Prague in 1999. In 2008, we organized the
first international SIA conference in Hradec Kralové, then
Flow Analysis conference in 2015 in Prague, and together
with Jagiellonian University in Krakow, Poland, the
FA&CE 2018 conference in Hradec Kralové.

At the turn of the millennium, thanks to younger sci-
entists, the research expanded with newer SIA technique —
H. Sklenafova*’; monolithic column employing medium-
pressure liquid chromatography technique named Sequen-
tial Injection Chromatography (SIC) — P. Solich,
D. Satinsky and P. Chocholous®; and a syringe pump as
a reaction/extraction chamber based Lab-in-syringe —
B. Horstkotte”. Close cooperation with companies produc-
ing flow systems (FIAlab and GlobalFIA, both USA) pro-
moted significant developments in the pumps and flow
systems designs. Many scientists dealing with Flow analy-
sis and related techniques, from Austria, Sweden, Slo-
vakia, Ukraine, Russia, Portugal, Spain, Germany, Argen-
tina, Brazil, Japan, Australia, and namely Jarda Razicka as
Fulbright Professor in 2008, cooperated and visited Czech
laboratories. A significant number of automated methods
for SPE, including testing nanofibers as SPE sorbents®,
SIC’, various miniaturized LLE methods'® including
Lab-in-syringe technique, and even single-drop extraction
in fully automated mode''. The sample preparation meth-
ods were online coupled to HPLC', GC", or ICP". The
other way of the research is monitoring kinetic profiles of
the liberation of active substances from novel pharmaceu-
tical formulations'® or real-time monitoring of interactions
between active/toxic substances and cell membrane trans-
porters'. A long list of published articles in renowned ISI
journals is followed by several national patents and host-
ing of the online tutorial on Flow Injection Analysis writ-
ten by Jarda Razicka'.

In the last 25 years, other groups in the Czech Repub-
lic have been dealing with the development of Flow analy-
sis, located at the Faculty of Natural Science in Prague,
Charles University.
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Fig. 1. The FIA analyzer constructed at the Department of
Analytical Chemistry, Faculty of Pharmacy in Hradec Krilo-
vé, Charles University. Manufactured in cooperation with the

Unified Agricultural Cooperative “1* of May” in the village of
Pouchov near Hradec Kralové (the 1980s). Multi-channel analyz-
er equipped with two peristaltic pumps, double injection valve,
and unit with mixing points. For optical detection, used Spekol

photometer with a flow cell.

Milestones in the development of Flow Analysis in
the Czech Republic

1985 lab-made FIA

1998  FIA-SPE

2001  SIA chemiluminescence

2002 lab-made SIA (and software)

2002 SPE-SIA

2002  SIC (Sequential Injection Chromatography)

2003  SIA based drug liberation apparatus

2009  1st generation of commercial SIC

2010 DLLME (dispersive liquid-liquid microextraction)
dual valve STA

2015 2D SIC

2016  SIA based monitoring of drug permeation across
a cell monolayer

2018  2nd generation of commercial SIC

2018 LIS GC (Lab-in-syringe with Gas
Chromatography)

2019 LIS HPLC (Lab-in-syringe with Liquid
Chromatography)

2019  SIA + 3D printed analyzer parts

2. Capillary electrophoresis

Electrophoretic analytical methods have a long histo-
ry, starting from the basic theoretical work by Kohlrausch'®
in 1897, throughout the beginning of the last century, wit-
nessing the work of Tiselius on the mobilities of weak
electrolytes'® and the work of Hjerten®® and Virtanen®' that
have set the basic concepts of the electromigration tech-
niques, such as isotachophoresis and capillary electropho-
resis.

Review

Historically, in former Czechoslovakia, electro-
phoretic methods such as analytical electrophoresis and
isotachophoresis have a long tradition and were studied
since 1960-1970s. Around 1970, the first commercial
isotachophoretic instrument from the Swedish company
LKB was available and this instrument could be used with
certain modifications also for electrophoresis in PTFE
capillaries. It has been a lucky coincidence that the re-
searchers at the scientific institutions of former Czechoslo-
vakia had very good contacts with the University of Eind-
hoven in the Netherlands and one of the pioneers of ITP
and CE, Prof. F.M. Everaerts. Several institutions, most
notably the Charles University, the Institute of Analytical
Chemistry of the Czechoslovak Academy of Sciences in
Brno and Comenius University in Bratislava were all in-
volved in the pioneering work on electrophoresis. Proba-
bly one of the first publications is the joint publication of
Prof. Jiri Vacik and F.M. Everaerts on the use of counter-
current in isotachophoresis®. One of the other co-authors
of this publication was Jiri Zuska, who has become later
famous for his work on the construction of contactless
conductivity detectors®, (together with Prof. Bohuslav
Ga$ from Charles University in Prague). Inspired by the
work of Everaerts, Prof. Petr Boc¢ek and his colleagues at
the Institute of Analytical Chemistry in Brno have contrib-
uted significantly to the development of theory and meth-
odology of modern electrophoresis. Prof. Dusan
Kaniansky at the Comenius University in Bratislava has
also contributed to the progress of this newly developing
technique, among others by initiating the production of
a new commercial instrument for analytical isotachophore-
sis in Spisska Nova Ves in Slovakia. The company, now
Villa Labeco®, has now a near 30 year history of a suc-
cessful production of various electrophoretic instruments.
Other researchers, such as Prof. Zdenék Stransky® from
Palacky University in Olomouc or Prof. Vladimir Jokl*
from Faculty of Pharmacy in Hradec Kralové, Charles
University and their coworkers have made a significant
contribution to the theoretical (Jokl's equation of ion mo-
bility) and practical capillary electrophoresis. The histori-
cal milestones in the development of isotachophoresis and
capillary electrophoresis in the Czech Republic/
Czechoslovakia were recently reviewed”’?*, both articles
are unfortunately in Czech only.

Since the development and pioneering work of the
scientists in Prague, Brno, and Bratislava, electrophoretic
analytical techniques have gained their steady place in
nearly all laboratories in the Czech Republic. To name
only a few prominent institutions that have significantly
contributed to the development of electrophoresis, we
must mention the work of Prof. Bohuslav (Bob) Gas at the
Charles University, who took over the research group after
Prof. Vacik in 1996. He is the author of the famous elec-
trophoretic simulation software PeakMaster® and Simul*’
that allow computer simulations of electrophoretic separa-
tions to be performed. Bob Ga$ was also one of the
co-authors of the two-electrode contactless conductivity
detector’'. The detector was until recently produced by the
deceased electrical engineer Jifi Zuska (2020) and his
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company Admet. The credit in the late development of
various methods using the C4D detector by Jiti Zuska goes
also to Petr Tma at Charles University, who applies it for
medical research.

Without any doubt, the Institute of Analytical Chem-
istry in Brno is the most famous for its contribution to the
development and propagation of electrophoretic tech-
niques. The theoretical works of Prof. Petr Bocek and
Dr. Petr Gebauer have explained many phenomena occur-
ring during electrophoretic separations. One of the most
cited papers is the one on the separation of anions in drink-
ing water from 1983 (ref.*?). Later the development of
a CE sample splitter by Deml et al.** or the use of absorb-
ing co-ion in indirect UV detection®® are among their
prominent research pieces that are worth mentioning. An-
other significant contribution to the instrumental applica-
tion of electrophoresis and its coupling with mass spec-
trometry was accomplished by the current director of the
Institute, Dr. FrantiSek Foret, who spent significant time at
Barnett Institute in Boston, USA and continued his re-
search on CE-MS in Brno. There has been also interest
towards practical/clinical applications of CE, lead by
younger scientists, Dr. Pavel Kuban, Assoc. Prof. Petr
Kuban, Dr. Jana Kienkova and other colleagues at the
Departments of Electromigration methods and Bioanalyti-
cal instrumentation.

Other institutions and researchers in the Czech Re-
public that are actively working with capillary electropho-
resis are Prof. Vaclav Kasicka at the Institute of the Organ-
ic Chemistry and Biochemistry in Prague, engaged in the
development of theory, methodology, and instrumentation
of capillary electromigration (CE) methods and their appli-
cation for the separation, analysis, micropreparation, and
physico-chemical characterization of (bio)molecules, the
researchers at Palacky University in Olomouc (Profs.
Lemr, Sevéik; Assoc. Profs. Bednaf, Barték, Petr) who
work with studies of electrochemical conversion, ioniza-
tion in mass spectrometric measurements or online precon-
centration in capillary electrophoresis and coupling of CE
to ICP-MS in analyses of biological samples, forensic
evidence and archaeological samples, and Assoc Prof.
Pospisilova with Dr. Urbanek working on the coupling of
ITP and CZE.

Many members of the research teams are Editorial
board members of prominent analytical journals (F. Foret,
B. Gas, V. Kasicka) and an international conference CECE
(Central European Capillary Electrophoresis), is organized
on an annual basis in Brno.

3. An overlap

It is not a coincidence that Flow analysis methods and
Capillary electrophoresis are discussed at the same time in
this article. A combination of automated flow sample treat-
ment schemes with separation techniques like CE can gen-
erally enhance the analytical power of both analytical tech-
niques. This was recognized more than 20 years ago by
Petr Kuban and Bo Karlberg at Stockholm University,

Review

where the first article on the coupling of flow analysis and
capillary electrophoresis was published®>. At approximate-
ly the same time, Prof. Z.L. Fang®® in China presented the
same concept. Since then, different approaches and devic-
es have been developed, including the combination of
sequential injection analysis to CE (SIA-CE)’’ by one of
the pioneers of flow injection analysis, Jarda Rizicka. The
research shows that these two techniques have much more
in common than it may seem at first glance, and their
"marriage" was certainly the happy one.

The whole article is a compilation of many stories of
our colleagues from the past, present, and hopefully the
bright future of these methods. Many thanks to all of them!

This publication is supported by the project (no.
21930006) co-financed by the Governments of Czechia,
Hungary, Poland and Slovakia through Visegrad Grants
from the International Visegrad Fund. The mission of the
fund is to advance ideas for sustainable regional coopera-
tion in Central Europe.

The main goal of the project co-financed by the Inter-
national Visegrad Fund is to establish a thematic platform
for the collaboration and integration of universities from
the Visegrad Group (V4) that conduct research and teach-
ing in the field of analytical chemistry (AC), particularly
in the field of flow analysis and capillary electrophoresis.
The collaboration of these units will facilitate exchanging
the best laboratory practices, raising the professional
competencies of lecturers and developing their distinctive
skills, as well as exchanging experience in communication
and setting up a partnership between scientists and exter-
nal stakeholders. The process of integration across nation-
al borders is vital to strengthen the position of universities
in the V4 region, especially with regard to the West-
Europe countries. Furthermore, integration increases
access to financial resources, allowing to undertake valua-
ble scientific and academic teaching projects. Implement-
ing the assumed goals will indirectly contribute to devel-
oping innovative solutions in analytical chemistry, in-
creasing the soft and hard skills of trained young scientists
and students, and triggering internship programs. As
a result, young people will have better access to the labor
market, which should increase the competitiveness of the
Visegrad macro-region.

The main event of the project is the conference: V4
Symposium "Flow Analysis & Capillary Electrophoresis"”
V4-FACE2020 (https://v4face.project.uj.edu.pl/en_GB/v4-
project), which was held at the Faculty of Chemistry of the
Jagiellonian University in Krakow on June 28 — Juli 1,
2021 (due to the worldwide epidemiological situation in
one-year postponement). During the conference, repre-
sentatives of all partners, students, young scientists, aca-
demic teachers, as well as representatives of routine la-
boratories and industry learned about the latest achieve-
ments in the field of flow analysis and capillary electro-
phoresis. They exchanged their experiences and needs in
the field of chemical analysis development in the Visegrad
macro-region.
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Abstract

This article describes the history, development, and
current state of two analytical methods to which Czech
scientists have made significant contributions. It describes
the first steps of these methods in Czechoslovakia during
the 1970s and 1980s, the development of the methods
through innovation, and the establishment of cooperation
with foreign scientists. Today, Czech scientists from the
Department of Analytical Chemistry, Faculty of Pharmacy
in Hradec Kralové, Charles University, and Institute of
Analytical Chemistry of the Czech Academy of Sciences
in Brno are among the major contributors to these fields of
analytical chemistry. The milestones in the development
and the prominent scientists mentioned in the individual
chapters give a chance for a bright future for these meth-
ods, not only in the Czech Republic.
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