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1. Uvod



Od tricatych let 20. stoleti, kdy byla kapilarni elektroforéza predstavena, se
stala uznavanou analytickou technikou, umoznujici separaci a kvantifikaci analyt
nejriznéjsi povahy. Za svou oblibenost vdéci piedevsim vysoké separac¢ni acinnosti,
ekonomickému a ekologickému provozu (soucasna instrumentace vyzaduje mini-
malni objemy rozpoustédel a vzorku) a snadné obsluze ptistroji (v dnesni dobé ¢as-

to plné automatizovanych).

Nejcastéji vyuzivana elektroforetickd technika - kapilarni zénova elektroforéza
- prosla bouflivym vyvojem béhem osmdesatych az devadesatych let minulého sto-
leti a stala se plnohodnotnou alternativou k HPLC. To v oblasti kontroly 1é¢iv potvr-
zuje i jeji zatazeni do svétové uznavanych lékopist jako je Americky lékopis (USP 29

[1]) ¢i Evropsky lékopis (PhEur 5 [2]).

Kapilarni elektroforéza v soucasnosti predstavuje vice analytickych technik,
které 1ze snadno realizovat na jednom pfistroji ¢asto jen pouhou zménou pracovni-
ho elektrolytu. Tyto techniky mohou byt zaloZzeny na ¢isté elektroforetickém princi-
pu - kromé kapildarni zénové elektroforézy napf. kapilarni izotachoforéza, kapilarni
izoelektricka fokusace a kapilarni gelova elektroforéza. Také v§ak miiZe byt uplat-
néna kombinace elektroforetického a chromatografického principu, jako je tomu
napi. u micelarni elektrokinetické chromatografie nebo kapilarni elektrochromato-

grafie.

Popsany jsou také zptisoby tandemového spojeni kapilarné elektroforetickych
technik s jinymi technikami (napft. priittokovymi metodami), i raznych elektrofore-

tickych metod navzdjem (napf. spojeni izotachoforézy se zénovou elektroforézou).

Diky témto (ne zcela trividlnim a standardnim postuptim) mtiZe byt zjednodu-
$ena manipulace se vzorkem diky on-line zaclenéni jeho pfedupravy do vlastni ana-
lyzy, jako je tomu u ITP-CZE v dvoukolonovém uspofadani. Diky moznosti tande-
mového spojeni s modernimi typy detektort (jako je hmotnostni spektrometr) se do
znac¢né miry eliminuje jedna z nejvétsich nevyhod bézné kapilarni elektroforézy,

kterou je nizsi citlivost UV detekce v porovnani s HPLC.

Snaha o zvyseni citlivosti je jednim ze soudobych trenda v oblasti vyzkumu

v kapilarni elektroforéze a existuje fada zptisobd, jak tohoto dosahnout. JiZ zminéné



rvrs 2

propojeni s modernimi detektory s sebou pfindsi zvySené potizovaci naklady. Proti
tomu existuji zptisoby, jak vhodnou tpravou separa¢nich podminek docilit mnoho-
nasobného zakoncentrovani analytti béhem samotné separace (napf. stacking,
sweeping aj.). Mezi dals$i trendy pak patfi miniaturizace (koncept lab-on-chip) a vy-

zkum v oblasti nevodné elektroforézy.



2. Cil prace



Cilem této prace bylo navdzat na vyzkum v oblasti elektroforetickych metod
na Katedfe analytické chemie ve farmaceutické analyze a analyze latek pfirodniho

ptvodu.

V praci byly béhem postgradualniho studia feSeny dva hlavni okruhy. Prvni
zahrnoval vyvoj metod vedoucich ke zvySeni citlivosti elektroforetickych technik,
konkrétné kombinaci izotachoforézy se zénovou elektroforézou metodou propojeni
kolon, dale ptrechodnou izotachoforézu a vyuziti tzv. stacking fenoménu. Uvedené

techniky byly aplikovany vétsinou v analyze rostlinného materialu.

V ramci druhého okruhu byly optimalizovany metody pro rutinni analyzy
v oblasti kontroly chemickych lé¢iv (kapilarni zonova elektroforéza pro analyzu po-
lyol@, micelarni elektrokinetickd chromatografie pro analyzu uc¢innych latek

v topickém pripravku).
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3. Teoreticka cast
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3.1.Elektromigracni metody

Elektromigra¢ni metody jsou separa¢ni metody zaloZzené na rozdilné pohybli-
vosti analyzovanych latek v elektrickém poli. Existuji dvé zdkladni provedeni. Prvni
vyuziva jako prostiedi pro migraci gel (napf. z agarozy ¢i polyakrylamidu) ve formé
desticky. Toto uspofadani je Siroce vyuzivano pro separaci prirodnich makromole-
kul (jako jsou nukleové kyseliny ¢i proteiny), kde hraje vyraznou roli jejich velikost.
Pfestoze uziti gelové elektroforézy je zna¢né, ma tento typ elektromigra¢nich metod
mnohé nedostatky, mezi které patii zejména ¢asova naro¢nost analyzy a problémy

s detekci a automatizaci [3].

Druhou variantou je pouziti kapildary naplnéné vhodnym elektrolytem, v niz
probihd migrace a separace analytti. Tyto techniky se souhrnné oznacuji jako kapi-

larni elektroforetické metody. Jednotlivé metody jsou bliZze popsany v kapitole 3.2.

3.1.1. Instrumentace

Zatizeni pro kapilarni elektroforézu (viz Obrazek 1) vzdy obsahuje separa¢ni
kapildru, zdroj vysokého napéti, davkovaci zatizeni, detektor a zatizeni pro zpraco-
vani analytického signalu (v dne$ni dobé zpravidla PC vybavené prislu§nym soft-
warem).

PC

Kapilara
Detektor o
7 N
”,;/ N |
i

Vzorek / Pufr Pufr

Zdroj vysokého
napéti

Obrazek 1 Schéma instrumentalniho uspotfadani pro kapilarni elektroforézu
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3.1.1.1. Zdroj vysokého napéti

Zdroj vysokého napéti zpravidla umoziiuje aplikovat napéti do 30 kV (vyssi
hodnoty se vyuzivaji spiSe v pristrojich konstruovanych na miru). Pozadavky klade-

né na zdroj vysokého napéti jsou:
* musi byt konstruovan tak, aby neohrozil obsluhu pfistroje

* dodavané napéti musi byt stabilni, aby bylo dosazeno vysoké reprodu-

kovatelnosti analyz

* pro nékteré pokrocilejsi techniky je nutné, aby umozioval zménit bé-

hem analyzu polaritu

Elektrické pole mtize byt vytvotfeno dvojim zptisobem - vlozenim konstantni-
ho napéti (proud se méni v zavislosti na vodivosti elektrolytu) nebo vloZenim kon-
stantniho proudu. Konstantni proud se pouziva tradi¢né v kapilarni izotachoforéze,

v ostatnich technikach prevlada vloZeni konstantniho napéti [4,5].

3.1.1.2. Kapilara

Nejcastéji pouzivané kapilary jsou vyrobeny z kfemenného skla, které vykazuje
vysokou propustnost UV zateni. Diky tomu lze kapilary z tohoto materidlu pouzit

vzdy, kdyz je tfeba pracovat se spektrofotometrickou detekci.

Pro zvySeni mechanické odolnosti jsou kiemenné kapildry potazeny vrstvou
polyimidu. Ten UV zafeni blokuje a je tfeba jej v misté priichodu paprsku odstranit.
Odstranéni lze provést napt. opalenim pomoci zapalovace, seskrabanim ostrym
predmét nebo naleptanim pomoci kyseliny sirové. V tomto misté, které se oznacuje
jako deteké¢ni okno, je kapildra diky absenci polyimidového potahu kiehka a nachyl-
na k lamani. Délku kapilary lze vyjadfit bud jako celkovou délku nebo jako tzv. efek-

tivni délku. Tou se rozumi délka od vstupniho konce kapildry po detekéni okno.

Vnitini pramér kapilar se pohybuje nejcastéji v rozmezi 25-100 pm, ale jsou vy-

rabény i kapilary od 2 do 700 pm.

Vétsina komerc¢nich vyrobcet elektroforetickych systémt pouziva specidlni ka-

zety (tzv. kartridge) pro umisténi kapildry do systému. Diky tomu je usnadnéna ma-
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nipulace s riznymi kapilarami a umoznéno efektivnéjsi termostatovani kapilary

[4,5]

360 pm

kfemenné sklo

\,

Polyimidova vrstva

12 uym 25-100 pm

Obrazek 2 Priifez kiemennou kapilarou (piekresleno podle Weinbergera [5])

Vnitini povrch kapildry obsahuje volné silanolové skupiny, které se ve vyso-
kém pH ionizuji a jsou ptivodcem jevu zvaného elektroosmoticky tok (viz kapitola
3.1.3). Nepokryty vnitini povrch kapilary mtiZe byt také pti¢inou adsorpce analytt
(napf. proteinti). Tomu lze ptedejit chemickou modifikaci vnitiniho povrchu kapila-
ry a takto upravené kapilary se oznacuji jako pokryté. Komerc¢né lze potidit fadu
pokrytych kapilar, lisicich se pouzitym materidlem (napft. polyvinylalkohol, polya-
krylamid...) a z néj vyplyvajicimi vlastnostmi (pouZitelné rozmezi pH, inkompatibili-
ta s nékterymi pufry apod.). Tyto kapildry jsou vét$inou dodavany na miru, véetné
jiz zhotoveného detek¢niho okna. Pokud by bylo nutné detek¢ni okno vytvofit, ne-
smi byt k odstranéni polyimidu pouzity plamen, protoze by mohlo dojit k naruseni

vnitiniho potazeni kapilary [5].

3.1.1.3. Davkovani

Pro davkovani vzorku do kapilary (objem vzorku se pohybuje fadové v nl a ne-
mél by prekrodit 1-2 % celkové délky kapilary [6]) jsou pouzivany dva zdkladni zpti-
soby.

Hydrodynamické davkovani je zaloZeno na aplikaci tlaku na roztok vzorku, do
kterého je ponofeny vstupni konec kapilary. Alternativné Ize pouzit vakuum na vy-
stupnim konci kapildry. Nejcastéji se pouziva tlak 50 mBar (odpovida tlaku 5 kPa,

vétsina pristroja vak vyjadiuje tlak v mBar) po dobu 5-6 sekund. Misto externiho
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tlaku lze vyuzit tzv. sifonového efektu: vialka se vzorkem je zvednutd do urcené vys-
ky tak, ze hladina vzorku ve vialce na vstupnim konci kapilary je vyse, nez hladina
pufru ve vialce na konci vystupnim. Tento rozdil mezi hladinami kapalin na obou

koncich kapilary vyvola hydrostaticky tlak, ktery zptisobi vstup vzorku do kapilary

[7].

Pii elektrokinetickém davkovani se aplikuje napéti, které byva zpravidla 3-5x
nizsi, nez napéti pouzité pro separaci. Analyt do kapilary vstoupi vlivem elektroos-
motického toku a vlastni pohyblivosti. U tohoto zptisobu davkovani hrozi diskrimi-
nace méné pohyblivéjsich iont (nejmobilnéjsi analyty jsou davkovany ve véts§im
mnozstvi, nez méné pohyblivé). Vyhodou jsou niz$i naroky na dopliikové vybaveni
pristroje, pouzitelnost pii davkovani viskéznich roztok, kde hydrodynamické dav-
kovani selhava [4] a moznost davkovat mnohem mensi objem vzorku, nez pii pouZi-
ti hydrodynamického davkovani [7].

A) B) Q)
Kapilara Kapilara Kapilara

T

tlak

- - u
] o o

Vzorek Pufr Vzorek Vzorek Pufr

Pufr

Obrazek 3 Zptsoby davkovani v kapilarni elektroforéze: A) hydrodynamické B) vyuZiti sifonového

efektu C) elektrokinetické

3.1.1.4. Detekce

Optickd detekce

Mezi ¢asto pouzivané detek¢ni systémy v kapilarni elektroforéze patii ty, které
jsou zalozené na optické detekci. Tyto jsou s uspéchem vyuzivany diky zminované
transparentnosti kifemenné kapilary a také diky cenové dostupnosti. Nejvétsi nedo-
statek predstavuje omezena citlivost zptisobend malymi rozméry kapilary (fadové

pm) a malymi objemy vzorku, které se davkuji (ftadové nl).
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Opticka detekce je nejcastéji realizovana pomoci UV/VIS detektort, v dnesni
dobé casto v provedeni DAD. Ddle se vyuzivaji detektory zalozené na méfeni kon-
ven¢ni ¢i laserem indukované fluorescence. Ty jsou v porovnani s UV detekci citli-
véjsi, ale na druhé strané vyzaduji derivatizaci latek, které samy o sobé fluorescenci
nevykazuji.

Pro zvysSeni citlivosti optické detekce 1ze pouzit kapilary o $ir§im vnitfnim pra-
méru (za cenu ztraty separa¢ni uc¢innosti) nebo upravu kapilary v misté detekce (de-

tekéni cely typu bubble cell & Z-cell) [4].

bubble cell Z-cell uv

Y

Obrazek 4 Typy modifikaci kapilary v misté detekce

Pro latky, které v dané oblasti neabsorbuji, 1ze pouzit neptimou detekci. Ta
vyuziva absorbujiciho iontu, ktery je pfidan do pracovniho elektrolytu a ktery zajis-
tuje absorp¢ni pozadi. Tento ion je v misté zony analytu nahrazen neabsorbujicimi
ionty analytu. To vyvola pokles absorpce, coz se na elektroforeogramu projevi jako
negativni pik. Pro dosazeni dostate¢né citlivosti je nutné zvolit vhodné absorbujici
spoluion, ktery ma soucasné efektivni pohyblivost srovnatelnou s pohyblivosti sta-
novovaného iontu. Nejvyssich citlivosti bylo dosazeno za pouziti nizkych koncent-

raci spoluiontu s vysokou absorpci pii zvolené vinové délce [8-u1].
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PFima detekce Nepfima detekce

; BGE %analyt% BGE BGE Eanalyté BGE
i< > > i i >i—Pie >
0000000000000 00000000 C0OOOGOGO O nesbsorbuiici stice
0000000 eeo00000 000000000 0OCOOGO @ cbsorbujic téstice
0000000 ee00000 00000000 0C0OOOO
0000000 @@00000 00000000 0C0OOOO

gas cas

Obrazek 5 Princip pfimé a neptimé UV detekce

Elektrochemickad detekce
Elektrochemické detektory maji oproti optickym tu vyhodu, Ze nejsou limito-

vany vnitfnim primeérem kapilary, 1ze tedy pouzit i velmi tenké kapilary.

Pro univerzalni detekci neabsorbujicich ionti se velmi ¢asto vyuzivaji konduk-

tometrické detektory (kontaktni ¢i bezkontaktni) [4].

Dalsi detek¢ni technikou, ktera umoziuje piekonat nizsi citlivost kapilarni
elektroforézy, je hmotnostni spektrometrie. V soucasnosti se jedna o velice atraktiv-
ni techniku, jejiz stinnou strankou je zatim stale vysoka cena a komplikované roz-

hrani pro pfipojeni k elektroforetickému systému.

Z dalsich detek¢nich technik, vyuzivanych ve spojeni s kapilarni elektroforé-

zou lze zminit napt. NMR [4].

3.1.2. Elektroforeticka pohyblivost

Nabité castice v elektrickém poli podléhaji elektrostatické sile F, kterd je dana
sou¢inem naboje iontu q a intenzity elektrického pole E (pomér napéti a celkové
délky kapilary)

F=qE
Proti této elektrostatické sile ptisobi tieti I, které se da podle Stokesova ziko-

na vyjadfit jako
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F’ = 6-n-n-r-ui
kde n je viskozita elektrolytu, r pfedstavuje polomér iontu a u; rychlost migra-
ce. V okamziku, kdy je dosaZeno konstantni rychlosti se elektrostaticka sila F a frik¢-
ni sila F’ rovnaji.
q.E = 6-71'.’7-"-“,-
Migrac¢ni rychlost iontu lze vyjadtit jako
u; = [J,'-E

Migra¢ni rychlost (u;) je tedy pfimo tmérna intenzité elektrického pole. Kon-
stanta umérnosti je oznac¢ovana jako elektroforeticka mobilita (y;). Elektroforeticka

mobilita v sobé zahrnuje ndboj iontu, jeho polomér a viskozitu okolniho prosttedi.

q
67mr

M:

Jednotkou elektroforetické mobility je m*V"-s™. Je zavisld na fadé zevnich fak-
torq, jako je teplota, pouzité rozpoustédlo nebo iontova sila elektrolytu. Déle zavisi
i na ostatnich vlastnostech iontu, jako je velikost ¢astice, jeji tvar a naboj [12]. Pro

dany ion v daném prostiedi jde o charakteristickou konstantu [13].

Pohyblivost 1ze vyjadfovat riznymi zptisoby, napt. jako iontovou pohyblivost,

skute¢nou pohyblivost nebo efektivni pohyblivost.

3.1.2.1. lontova pohyblivost

Iontovou pohyblivosti p, se rozumi priimérna rychlost nabité ¢astice na jed-
notku napéti pfi nulové iontové sile. Tato veli¢ina nemtze byt pochopitelné méfi-
telnd piimo a ziskava se extrapolaci zavislosti elektroforetické pohyblivosti na raz-

nych iontovych silach [4,12].

3.1.2.2. Skutec¢na pohyblivost

Skuteéna pohyblivost je pohyblivost plné nabitého iontu v roztoku s kone¢nou

iontovou silou [12]. Je zpravidla niz$i nez y, diky vzéjemnym interakcim iontt

v konec¢né ztedénych roztocich.
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3.1.2.3. Efektivni pohyblivost

Latky povahy slabych kyselin a bazi se v roztoku vyskytuji ve dvou formach. Ve
formé iontd s pfislusnou pohyblivosti a ve formé neutralnich molekul, které nejsou
schopny elektroforeticky putovat. Obé formy se vyskytuji ve smési v poméru vyjad-
feném disocia¢nim stupném. Protoze ioniza¢ni rovnovaha probihd nepomérné rych-
leji nez elektromigrace, nemize dojit k rozdéleni rovnovazné smési na nepohyblivé
molekuly a pohyblivé ionty. Smés putuje jednotnou rychlosti, kterd je imérna diso-
cia¢nimu stupni. Vysledna pohyblivost se nazyva efektivni pohyblivost u a je dana

vztahem:

_ n
u= z u; X;
i=1

u; = pohyblivost jednotlivych iontovych forem latky; x; = molarni zlomky

Volbou pH lze nastavit sloZzeni rovnovazné smési a tim ménit jeji pohyblivost
podle potieby od nulové az po plnou iontovou. Uprava pH je tedy efektivni prostie-
dek k dosazeni optimalniho déleni smési kyselych nebo bazickych latek. Zavislost

efektivni mobility slabych jednosytnych kyselin vyjadiuje vztah:

u

u= (pK,~pH)

1+10
Pro slabé jednosytné baze je ¢len (pK,-pH) nahrazen ¢lenem (pH-pK,).

Podobné lze popsat i migra¢ni chovani komplexa. Pokud ustanoveni rovno-
vazného stavu probiha rychlosti srovnatelnou nebo nizsi nez je rychlost elektromi-

grace, je mozné od sebe oddélit jednotlivé formy téze latky.

Efektivni mobilita byva zpravidla nizsi nez teoreticka elektroforeticka mobilita,
odrazi vliv pH a iontové sily elektrolytového roztoku, jiny nez ptisné kulovity tvar

Castice atd. [4,12,14,15].

Elektroforetickou pohyblivost nelze experimentdlné pfimo zjistit. Lze ji vsak
vypocitat z migra¢niho ¢asu t,, coZ je ¢as potfebny pro migraci latky z mista nastfi-

ku do detek¢ni cely. Pokud je elektromigrace provazena hydrodynamickym tokem
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(napf. disledkem elektroosmozy), je tfeba znat i migracni ¢as nenabitych ¢astic teor.

Elektroforeticka pohyblivost se vypocte podle vztahu [13]:

[ 1
u = _tot e of (i —L]
U t t

m eof

lior — celkova délka kapilary [m]; ls— efektivni délka kapilary (vzdalenost od na-
stiiku po detektor) [m]; U - pracovni napéti [V]; t, - migra¢ni ¢as latky [s]; teor—

migrac¢ni ¢as nenabitych ¢astic [s].

3.1.3. Elektroosmoticky tok

Druhou hybnou silou v elektroforéze je elektroosmoticky tok (EOF). Je vyvolan
pritomnosti nabitych silanolovych skupin na vnitinim povrchu nepokryté kiemenné
kapilary. Negativni ndboje téchto skupin pfitahuji kationy pouzitého elektrolytu.

U stény kapilary tak vznika prtilehla elektricka dvojvrstva (skladajici se z nepohybli-
vé Sternovy vrstvy priléhajici ke kapilarni sténé a Gouy-Chapmanovy diftizni vrstvy,
ktera je mobilni) [4]. Hydratované kationy migruji smérem ke katodé a strhavaji

s sebou roztok v kapilate [16].

.| e e@® ©C@ @ © @ G@ 6@ i
dn.‘uznl 777777 Gouy-Chapmanova vrstva
dvojurstva Sternova vrstva

||kapi|érnisténa

Obrazek 6 Formovani elektrické dvojvrstvy a vznik EOF

Extrémné mala $itka elektrické dvojvrstvy je pifi¢inou plochého profilu EOF

(oproti toku vzniklému napf. pfi hydrodynamickém davkovani) [4].

— j [F] elektroosmoticky tok

Ap —_— ) hydrodynamicky tok

Obrazek 7 Rozdilny profil elektroosmotického a hydrodynamického toku
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Velikost EOF je zavisla na velikosti zeta potencidlu ( elektrické dvojvrstvy vy-
tvofené na rozhrani proudici kapaliny a stény kapilary. Rychlost EOF je ddna vzta-

hem [4]:

EEW
470]

erf =

kde ¢ je dielektricka konstanta roztoku, {je zeta potencidl a 7 je viskozita. Pro-
toze g, { i n zavisi na mnoha vlastnostech pevnych i kapalnych latek, je i elektroos-

moticky tok ovlivnén ¢etnymi experimentdlnimi proménnymi [4].

Mezi tyto parametry patfi napt. druh a koncentrace pufru (rostouci iontova si-
la zptisobuje kompresi dvojvrstvy, pokles zeta potencialu a redukci EOF [3]), piida-
vek organického rozpoustédla a predevsim pH (pii vysokém pH, kdy jsou silanolové
skupiny pfevazné deprotonizované, je EOF znacné vétsi nez pii nizkém pH, kdy jsou
tyto skupiny protonizované [3]). Pti pH ~ 2 je tok témér nulovy. Se zvy$ujicim se pH

v

se zvy$uje (diky vyraznéjsi ionizaci silanolovych skupin kapilarniho povrchu).

OH OH OH OH OH OH bazicképH 0 O O O 0O O
[ & & | | > [

Si Si Si Si SiSi Si S Si Si Si Si

4—
st kyselé o LA A e ——

Obrazek 8 Vliv pH na ionizaci vnitiniho povrchu kapilary

Elektroosmoticky tok sméfuje od anody ke katodé. Jiz pti neutrdlnim pH na-
byva rychlosti, ktera prevysuje elektromigraci vétSiny aniond, které tak paradoxné
putuji ke katodé. Vysledna rychlost pohybu anioni a kationt je ddna vektorovym

souctem jejich migra¢ni rychlosti a rychlosti pohybu EOF.

Neutralni ¢astice migruji rychlosti odpovidajici rychlosti EOF (tohoto se ¢asto
vyuziva pro méfeni rychlosti elektroosmotického toku, napt. pomoci neutrdlniho
dimethylsulfoxidu). Anionty migruji v zavislosti na velikosti ndboje jako posledni.

Kationty pohybujici se ve sméru EOF migruji nejrychleji. Tuto skute¢nost vyjadiuje
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koncept zdanlivé mobility, kterd je definovana jako algebraicky soucet elektrofore-

tické mobility a mobility elektroosmotického toku [16,4]:

/’Iapp = /'11 * /’Ieof

3.2.Zakladni kapilarni elektroforetické metody

Jednou ze zdkladnich charakteristik kapildrni elektroforézy je jeji pouzitelnost
pro feSeni celé fady analytickych probléma. K tomu ji pfedurcuje jeji ptizptsobi-
vost, ktera vyplyva z velkého mnozstvi riznych technik zaloZenych na elektrofore-
tickych principech. Tyto techniky jsou snadno realizovatelné jednoduchou zménou

slozeni zakladniho elektrolytu (background electrolyte, BGE).

Jednotlivé elektroforetické metody lze rozdélit na zakladé separa¢niho média
(vodné a nevodné) a principu separace (¢isté elektroforetické techniky a techniky

kombinujici elektroforetické a chromatografické principy) [4].

V teoretické ¢asti je diraz kladen predevsim na metody, které byly vyuzity pfi
feSeni problematiky (kapildarni zdnova elektroforéza, miceldrni elektrokineticka

chromatografie a izotachoforéza), ostatni jsou zminény spise informativné.

3.2.1. Kapilarni zonova elektroforéza

Kapildrni zénova elektroforéza (CZE) je nejpouzivanéjsi elektroforetickou
technikou, predevsim diky své univerzalnosti, jednoduchosti a separac¢ni uc¢innosti.
Jako urcitou limitaci lze spatfovat pouzitelnost pouze pro nabité analyty, neutralni

nemohou byt separovany [4].

Separace v CZE probiha v homogennim elektrolytovém prostiedi (BGE) - elek-
trolyty v rezervoarech na obou koncich kapildry jsou stejné. lontové slouceniny jsou
separovany do uzkych, oddélenych zon (za predpokladu, Ze jsou jejich mobility a
z nich vyplyvajici migra¢ni rychlosti dostate¢né odlisné) [5]. Pokud je v systému do-

state¢né silny EOF, Ize soucasné stanovit kationy i aniony [4].

Elektroforetické pohyblivosti analytti mohou byt snadno ovliviiovany zménou

parametri zdkladniho elektrolytu, zejména pH, iontové sily a sloZeni (ve smyslu
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pridavku raznych aditiv). Tyto zmény ale zaroven ovliviiuji i EOF a optimalizace tak
muze byt ztizena [4].

Rozdélené zony si nezachovavaji ptivodni $itku a ostré ohraniceni. Vlivem di-
faze se s ¢asem rozsifuji a jejich konce ztraci na ostrosti. Tak se koncentrace v zo-

ndch sniZuje a stava se nerovnomérnou (uprostied zony je maximalni, smérem ke

krajim klesa), coz je pro separaci jev nepftiznivy [15].

A) __EOF Ddetektor B) __ EOF Odetektor
@® ; ® ®
@® @
®e =] ® : =
® i :
] ! @ ®

Obrazek g Princip separace v CZE; A) za¢atek analyzy B) konec analyzy a prostorové oddélené ana-

lyty

3.2.1.1. Déje ovliviiujici separaci

Separace v CZE je ovlivnéna fadou déjt. Jeden z nejvyznamnéjsich déjia, EOF,
byl podrobné rozebran v kapitole 3.1.3. Mezi dalsi patii elektromigrac¢ni disperze,

Jouletv ohftev a sorpce.

Elektromigracni disperze

Rozdil v pohyblivostech analytu a iontu pracovniho elektrolytu zptisobuje
asymetrii elektroforetického piku. Ma-li analyt vétsi pohyblivost, je v jeho zoné nizsi
intenzita elektrického pole. Pokud ionty na jeho ¢elnim rozhrani opousti difzni
zonu, dochazi k jejich urychleni a ¢elni rozhrani je plossi, nez by odpovidalo pou-
hému vlivu prosté difuze. Pokud ionty ze zadniho rozhrani opusti zonu, jsou urych-

leny a vraceny zpét. Zadni rozhrani se tak zaostiuje.

Podobnym zptisobem vznikd asymetrie pfi migraci analytu pomalejsiho nez
ion pracovniho elektrolytu. Zona iontu o stejné pohyblivosti jako ion pracovniho

elektrolytu, neni elektromigrac¢ni disperzi ovlivnéna [13].
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Elektrodisperzi Ize omezit [5]:

1. nafedénim vzorku (z davodu sniZeni citlivosti nelze vZdy v praxi vyu-
Zit)
2. zvy$enim koncentrace BGE (nelze pouZit u nepiimé detekce; urcita

limitace spoc¢iva také ve vysokém Jouleové teple, které je generovano)

3. volbou elektrolytu, jehoz mobilita je blizka mobilité analyzovanych la-
tek (jde o efektivni zptsob postradajici nedostatky predchozich dvou;
v praxi vSak nelze sladit mobilitu spoluiontu s mobilitou vsech analytt

ve vzorku, kterd se musi z principu lisit)

Vedle rozdilnych pohyblivosti Ize pozorovat vliv dal$ich déjt na disperzi. Patfi
se napf. Joul@v ohfev, sorpce na sténu kapilary, riizné migrac¢ni vzdalenosti zptiso-

bené ohybem kapilary [7].

Jouletiv ohiev

Prtichod elektrického proudu ma za nasledek tvorbu Jouleova tepla [13]. Toto

teplo vznika jako disledek t¥eni mezi migrujicimi ionty a molekulami pufru [5].

Zvyseni teploty vede ke zvySené pohyblivosti. Pfipadnym chlazenim vznika
v kapilate teplotni gradient (stfed vykazuje nejvyssi teplotu). Tento jev se projevi
rozsifenim zony [13]. Vlivem zahtivani obsahu kapildry maze dojit az k varu elektro-
lytu a naruseni elektrického okruhu vlivem vznikajicich bublinek [5]. To mtze vyus-

tit v pfedc¢asné ukonceni analyzy nebo vyskytu falesnych pik@ na elektroforeogramu.

Moderni piistroje se snazi vliv Jouleova ohfevu minimalizovat rizné provede-
nym aktivnim chlazenim (vétrac¢kem [17], umisténim kapilary do uzavieného okru-

hu s chladici kapalinou [18] atd.).

Sorpce

Interakce pozitivné nabitych iontt se sténou kapildry ma negativni dopad na
separa¢ni uc¢innost. MtiZe tak dojit k absenci piku (v ptipadé uplné sorpce), asymet-
rii a chvostovani piki. Sorpci lze ptedejit tvorbou ochranného filmu na sténé kapila-
ry [13]. Ochrannd vrstva mtze byt realizovana pfidavkem vhodného aditiva do BGE

nebo chemickou modifikaci kapildrni stény [4].
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Difuze
Vlivem diftize dochdazi k rozmyvani elektroforetickych zon, u kterych se neza-

chovava pavodni Sitka a ostré ohraniceni.

3.2.1.2. Vyuziti CZE

CZE je obecné vyuzivana pro separaci latek iontové povahy, s malou molekulo-
vou hmotnosti a dostate¢nou rozpustnosti ve vodé. Do zdkladniho elektrolytu mo-
hou byt zaclenéna razna aditiva, jako jsou organicka rozpoustédla, povrchové aktiv-
ni latky o koncentraci niZsi, nez je jejich kritickd micelarni koncentrace (CMC),
komplexujici a dalsi latky, které umoznuji modifikovat selektivitu a dale rozsifuji

aplika¢ni moznosti této techniky.

CZE ma znac¢né vyuziti v oblasti biochemickych analyz, zejména pro separaci
peptidd a proteint. Ddle je tato technika uspésné vyuzivana v oblasti Zivotniho pro-

stiedi ke stanoveni nejriiznéjsich polutantt (herbicidy, fungicidy, insekticidy...).

Kapilarni zénovou elektroforézu lze ispésné vyuzit v oblasti 1é¢iv a jejich me-
tabolitt (v¢etné chirdlnich separaci). Je tfeba také zminit analyzu anorganickych

iontl v nejraiznéjsich matricich [4].

3.2.2. Elektrokineticka chromatografie

Elektrokineticka chromatografie (EKC) predstavuje techniku kombinujici elek-
troforetické a chromatografické principy. Je charakteristicka tim, Ze do separa¢niho
elektrolytu vnasi pseudostacionarni fazi. Pfestoze byla ptivodné vyvinutd pro analy-
zu neutrdlnich latek, je v dne$ni dobé pouzivana i pro analyzu latek nabitych, kde

vyznamné ovliviiyje selektivitu separace.

V EKC mohou nenabité analyty migrovat bud rychlosti EOF nebo rychlosti
pseudostacionarni faze. Skute¢na rychlost vyplyva z rozdélovani analytu mezi dvé
faze - vodnou a pseudostacionarni. ProtozZe pseudostaciondrni faze je také pohybli-
va (neni staciondrni v pravém slova smyslu), analyty se pohybuji i v ptipadé, Ze jsou

plné inkorporovany do této faze.
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Pomér migra¢ni rychlosti mobilni faze k pozorované migrac¢ni rychlosti pseu-
dostacionarni faze hraje dtlezitou roli v rozliseni pikd a kapacité systému. Tento

pomeér je oznacovan jako elu¢ni okno.

Existuji dvé techniky uplatnujici principy EKC - MEKC a MEEKC. Lisi se typem

pseudostacionarni faze, kterd je pouzita [4].

3.2.2.1. Miceldrni elektrokineticka chromatografie

Micelarni elektrokinetickd chromatografie (MEKC) vyuzZiva stejné instrumen-
tace jako CZE. Pseudostaciondrni faze miize tvofena surfaktanty nebo tzv. polymer-

nimi fazemi [16].

Surfaktanty

Surfaktanty jsou molekuly obsahujici dlouhé hydrofobni fetézce a polarni sku-
piny. Pti prekroceni tzv. kritické micelarni koncentrace (CMC), kter4 je pro kazdy
surfaktant charakteristickd, za¢nou vznikat Gtvary oznacované jako micely. Kromé
CMC je pro kazdy surfaktant charakteristické také tzv. agregacni ¢islo, které vyja-
diuje, kolik molekul surfaktantu se na tvorbé micely ti¢astni. Surfaktanty lze rozdé-

lit na kationické, anionické, neionogenni a amfoterni [5].

Kationické surfaktanty

Tento typ surfaktantt vétSinou interaguje s negativné nabitymi silanolovymi
skupinami na vnitinim povrchu kapilary. To vede k obraceni EOF a separace tak
musi probihat pti reverzni polarité (nastfik se realizuje na katodickém konci kapila-

A4

ry). K obraceni toku dochdzi jiz p¥i nizsich koncentracich, nez je CMC.

AR

9@6@66@@@66@ =

‘—
EOF

Obrazek 10 EOF otoc¢eny pomoci kationického surfaktantu.
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Zména velikosti alkylového fetézce neovliviiuje zménu EOF, ale modifuje mo-

bilitu micel. Delsi alkylové fetézce vedou k uzsimu elu¢nimi oknu [19].

Typickym piikladem maze byt CTAB.

Anionické surfaktanty

Délka fetézce surfaktantu ovliviiuje hydrofobicitu vznikajicich (zaporné nabi-
tych) micel. Ty migruji proti EOF k anodé. Surfaktanty s alkylovym fetézcem krat-
$im nez osm uhlik® nejsou pfili§ vyuzivany kvili vysoké hodnoté CMC. Jejich pouzi-
ti jako ion-parovych aditiv ale ¢asto vede ke zméné selektivity [20]. Surfaktanty

s alkylovym fetézcem del$im nez 14 uhlikd vykazuji omezenou rozpustnost [21].

Nejpouzivanéjsich surfaktantem v MEKC je dodecylsiran sodny (SDS; délka al-
kylového fetézce - 12 uhlikt) [22]. Jeho zna¢na pouZitelnost je ddna jeho vysokou

rozpustnosti ve vodé, nizkou CMC, nizkou absorpci v UV oblasti a pfiznivou cenou.

K anionickym surfaktantim dale patii napf. soli zluc¢ovych kyselin (kyselina
cholovd, deoxycholovd, taurocholova...). V porovndni s SDS maji rozdilné agrega¢ni

vlastnosti i strukturu micel.

Aniontové micely jsou pfitahovany smérem k anodé, v nepotazené kapilaie te-
dy proti sméru EOF. EOF je v neutrdlnim nebo bazickém prostiedi silnéjsi nez mi-

gra¢ni rychlost micel a ve vysledku proto migruji ke katodé [7].

Neionogenni a amfoterni surfaktanty

Tyto surfaktanty vytvari elektroforeticky nepohyblivé micely. Nelze je proto
pouzit pro separaci neutralnich analyta [4]. Jejich pouziti spociva v tvorbé tzv. smés-
nych micel s nabitymi surfaktanty. Mezi neionogenni surfaktanty patii napt. Triton

X-100, Tween 20, Tween 8o nebo Brij 35.

Iontové surfaktanty tvofi nabité micely, které migruji bud’ s EOF nebo proti
nému v zavislosti na naboji. Rychlost migrace nabitych micel v elektrickém poli je
umérna hustoté jejich ndboje. Separace neutrdlnich analytt je dana distribuci mezi

vodnou a miceldrni fazi.
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Tzv. ,elu¢ni okno“ v MEKC je definovano hrani¢nim chovanim analytd. Neut-
ralni analyty, které neinteraguji s micelami (P, ~ 0), stravi véechen sv{ij migra¢ni
¢as v zakladni vodné fazi a migruji elektroosmotickou mobilitou. Jsou to typicky
nenabité polarni molekuly jako methanol nebo acetonitril, které jsou elektroosmo-

tickymi markery a migruji pfi teor.

Druhy pfipad je charakterizovan migraci analytd, které interaguji tak silné
s micelami (P, ~ ), Ze travi viechen sviij migra¢ni ¢as uvnitt micel. t,,. markery
jsou typicky velmi hydrofobni slouceniny, které jsou $patné rozpustné ve vodném
prostiedi — uvadéné ptiklady jsou Sudan III a dodekanofenon. Elu¢ni ¢asy pro tyto
analyty se shoduji s micelarnim migra¢nim c¢asem t,.. VSechny nenabité soluty by
mély byt separovany mezi migra¢nim ¢asem nezadrzovaného solutu, ¢, a plné za-

drZzovaného solutu, t,.

Selektivita mtiZe byt zvySena uzitim organickych modifikatord, smisenych mi-
cel nebo modifikaci stén kapilary [7,23].

A) B)

detektor
D 0 X PS

Obrazek 11 A) schématické zndzornéni MEKC: PS ... plné zadrZovany analyt, X ... ¢aste¢né zadrZova-

ny analyt, O ... nezadrZovany analyt B) elu¢ni potadi analytt (ptekresleno podle Mariny, Riose a Val-

carcela [4])

Polymerni pseudostaciondrni fdze

Spole¢nym rysem této skupiny latek je, Ze obsahuji kovalentni vazby. Jejich
vyhodou je stabilita v pfitomnosti vyssich koncentraci organickych modifikatord. To
je uzite¢né napft. u separace vysoce hydrofobnich analytd, které silné interaguji

s micelami.

28



Patti sem polymerni micely (monomerni surfaktanty, které jsou kovalentné
svazany), kaskadovité makromolekuly (s dendritickou strukturou) nebo iontové

blokové kopolymery.

Popsano bylo napf. pouZiti polymernich micel 10-undecenylatu sodného (SUS)
pro separaci derivatit benzenu a naftalenu [7,24], dendrimert alkylovaného polya-
midoaminu (PAMAM-SBDs) [7,25] nebo iontovych blokovych kopolymert butyla-
krylatu a methakrylatu kyseliny metakrylové pro analyzu derivat benzenu a nafta-

lenu [7,26].

3.2.2.2. Mikroemulzni elektrokineticka chromatografie

Mikroemulzni elektrokineticka chromatografie (MEEKC) je elektromigrac¢ni
technika, ktera umoznuje separaci nabitych i nenabitych analyt. Analyty jsou sepa-

rovany v tzv. mikroemulznich pufrech.

Mikroemulze jsou roztoky obsahujici dispergované nanometrové kapicky ne-
misitelné kapaliny. Typicky jsou pouzivany mikroemulze typu olej ve vodé. Olej
a voda jsou zcela nemisitelné diky vysokému povrchovému napéti mezi obéma fa-
zemi. Pro stabilizaci systému musi byt toto napéti snizeno. V MEEKC se k tomuto
ucelu pouziva rtznych surfaktantt a co-surfaktantd [4]. Mikroemulze jsou prithled-

né a termodynamicky stabilni (diky stabilizujicimu vlivu co-surfaktantu).

Pouzité surfaktanty mohou byt anionické (SDS, soli zlu¢ovych kyselin), katio-
nické (CTAB), popt. neutrdlni (Triton X-100) — samostatné i v kombinaci s jinymi

tenzidy.

Jako co-surfaktant se lze pouzit napt. n-hexan, n-heptan, n-oktan, diethyle-

ther, cyklohexan, choroform a dalsi [4,27,28,29].
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Obrazek 12 Schématické zndzornéni MEEKC; pgor ... mobilita toku, pye ... mobilita mikroemulze

(ptekresleno podle podle Mariny, Riose a Valcarcela [4])

3.2.3. Kapilarni izotachoforéza

Kapildrni izotachoforéza (ITP) je technika, pti které se vytvafi pohyblivé roz-
hrani mezi dvéma elektrolyty. Kombinaci dvou elektrolytovych systémi vznika
diskontinudlni systém bez elektroosmotického toku, ve kterém se vsechny oddélené
zény pohybuji stejnou rychlosti. Tyto zony jsou sevieny tzv. vedoucim (leading

electrolyte, LE) a koncovym elektrolytem (terminating electrolyte, TE) [3,30].

Vedouci elektrolyt obsahuje vedouci ion a protiion. Vedouci ion ma vétsi efek-
tivni pohyblivost nez vsechny analyzované slozky vzorku. Koncovy elektrolyt pak
obsahuje tzv. koncovy ion, ktery musi mit efektivni pohyblivost mensi nez kterakoli

ze sledovanych slozek vzorku.

Zonami prochazi stejny proud, proto od vedouciho iontu ke koncovému vzris-
ta intenzita elektrického pole. S tim souvisi tzv. samozaostiujici efekt ITP. Ten zpti-
sobuje, Ze jednotlivé zony se navzdjem dotykaji svymi rozhranimi, kterd z@stavaji
ostrd. Pokud napftiklad vedouci iont vstoupi do zény pomalejsiho analytu, vzroste
diky vyssi intenzité elektrického pole jeho migra¢ni rychlost a v dasledku toho se
tento ion navrati do své zoény. Obdobné pak bude pomalejsi ion po prianiku do rych-

lejsi zony zpomalen. Izotachoforeticka rozhrani proto nejsou rozmyvana vlivem di-

faze [13].
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Obrazek 13 Princip aniontové izotachoforézy; A) zacdtek analyzy B) konec analyzy

Rozdilnad intenzita pole se projevuje také na koncentra¢nich pomérech. Vsemi
zonami protékd proud stejné intenzity. Podle Ohmova zdkona odpor v zénach na-

riista itmérné nartstajicimu spadu napéti:
E
I =konst =—

Aby tato podminka mohla byt splnéna, upravuji se v systému samovolné kon-
centrace v zondch tak, Ze vyhovuji tzv. regula¢ni funkci (Kohlrausch, 1897).

w(x):i%

Podle ni je soucet podilti koncentrace a pohyblivosti v ustdleném stavu ve
vSech zdénach konstantni. Kazda zéna adaptuje svou koncentraci stejnym mecha-

nismem na piedchazejici zonu. Koncentrace je v kazdé zoné konstantni a nezavisi

na davkovaném mnozstvi [7,15].

Minoritni komponenty vzorku mohou byt tedy izotachoforézou zakoncentro-
vany az o nékolik fadu. Z diivodu zakoncentrovani vzorkd je vhodné uziti izotacho-

forézy v kombinaci s CZE [13].

Vystup z izotachoforézy se nazyva izotachoforeogram a poskytuje jak kvalita-

tivni, tak kvantitativni informaci o vzorku.

VIV 4

V soucasnosti se jiz samostatna ITP pftili§ nevyuziva. Velmi rozsifena byla pre-
devs$im pred osmdesatymi léty dvacatého stoleti [4]. Dnes je ¢asto soucasti kombi-
novanych technik, které vyuzivaji jejich zaostiujicich a zakoncentrujicich schopnosti

(viz kapitola 3.3.2).
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3.2.4. lzoelektricka fokusace

[zoelektricka fokusace (IEF) je metoda pouzivana k separaci peptidd, proteing,
aminokyselin a dalsich latek amfoterniho charakteru. Separace neni zaloZzend na
rozdilnych pohyblivostech jednotlivych analytd, ale na rozdilnych hodnotach izoe-

lektrického bodu pl.

Pro realizaci IEF je nutné vytvofit v kapilafe pH gradient. Toho se dosahuje
pouzitim roztokti amfolyta. Po vloZeni elektrického pole je pH gradient ustanoven
od anody (nizké pH) ke katodé (vysoké pH). Jednotlivé analyty se pohybuji
v systému az do okamziku, kdy dosahnou mista s hodnotou pH ekvivalentni jejich
pl. Zde ztrati sviij ndboj, jejich pohyb se zastavi a analyty vytvofi tizkou ostrou zénu.
Pokud by molekula analytu difazi z této zony vymigrovala, ziskala by ndaboj a z néj

vyplyvajici pohyblivost, kterd by molekulu vratila zpatky do zony.

Po ukonceni separace je nutné analyty mobilizovat smérem k detektoru. Toho
lze dosahnout raznymi zptsoby, napt. hydrodynamickym tlakem, elektroforetickou

mobilizaci aj. [4].

A) B) ply < pl, < plg
HPO, @ @ 4 NaOH Hpo, |@| |@ ® NaOH
@
o ® @) @ ®
®
® ®@ = ol |o ® =
@ o @) @ ®
nizké vysoké nizké vysoké
pH pH gradient > pH pH pH gradient > pH

Obrazek 14 Schematické znazornéni IEF; A) zadatek analyzy B) konec analyzy

3.2.5. Kapilarni elektrochromatografie

Kapildrni elektrochromatografie (CEC) je dalsi technikou (vedle EKC), ktera
kombinuje elektroforetické a chromatografické principy. Analyza probiha
v kfemenné kapildfe naplnéné stacionarni fazi, pohyb mobilni faze je zajistén EOF.
Velikost elektroosmotického toku nesouvisi s velikosti ¢astic stacionarni faze a lze
tedy pouzit mensi ¢astice sorbentu. Diky plochému profilu EOF se také snizuje dis-

perze.
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Separace je zaloZena na rozdilnych interakcich molekul se stacionarni fazi.
Jsou-li analyty nabité, podili se na jejich separaci také jejich elektroforeticka pohyb-

livost.

Jako mobilni faze se nejcastéji pouziva smés rozpoustédla (methanol, acetonit-
ril...) v pufru. Kapilary jsou obvykle plnény oktadecylsilanovou fazi, méné ¢asto C8
fazi. Nemodifikované silanolové skupiny téchto fazi se také mohou ionizovat a podi-

let na tvorbé EQOF.

Ddle se pouzivaji tzv. monolitické kolony. Jako staciondrni faze se v tomto pii-
padé nejcastéji pouziva polybutylmethakrylat sesitovany ethylendimethakrylatem

nebo polystyrén sesitovany divinylbenzenem [7,31-33].

3.2.6. Kapilarni gelova elektroforéza

Kapilarni gelova elektroforéza (CGE) kombinuje klasickou gelovou elektrofo-
rézu s kapildrni zonovou elektroforézou. V CGE je kapildra naplnéna gelem (s defi-
novanou velikosti pora), ktery hraje roli molekularniho sita. Separace je zaloZena na
rozdilnych mobilitach i velikostech analytt (malé, mobilnéjsi analyty projdou sitem

rychleji a velké, pomalejsi analyty projdou pomaleji).

Diky pouziti gelu 1ze omezit difuzi analytq, jejich adsorpci na kapilarni sténu
a také mutze dojit k omezeni EOF, coz miize byt v pfipadé neutralnich analytt nevy-

hoda.

Pouzivané gely Ize rozdélit do dvou skupin. ,Chemické gely“ jsou vysoce sta-
bilni a jsou chemicky navazané na kapilarni sténu. Tyto gely maji dobie definovanou
velikost porti, ktera se po polymeraci jiZ neméni, nejsou vyménitelné, obvykle vyka-
zuji vysokou viskozitu. Jejich efektivita je vyssi oproti druhé skupiné geld.

,Fyzikalni gely vykazuji relativné nizkou viskozitu, nejsou navazany na kapi-
larni sténu a diky tomu mohou byt v ramci jedné kapilary vyménitelné. Jsou tvoreny

pfidavkem hydrofilniho polymeru do zakladniho elektrolytu v ur¢ité koncentraci.

Obvykle vykazuji nizsi u¢innost, ale jsou odolné viici vyssim teplotam.
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Piikladem chemického gelu maze byt akrylamid sitovany bisakrylamidem. Ja-
ko fyzikalni gely se pouzivaji napf. linedarni polyakrylamid, polyethylenglykol, poly-
vinylalkohol a dalsi [4].

3.2.7. Nevodna kapilarni elektroforéza

Nevodna kapilarni elektroforéza (NACE), ktera vyuzivd nevodnych elektroly-
tovych systémi, je technika, kterd ma velky potencial v analyze latek nerozpustnych

nebo nestabilnich ve vodé.

Organicka rozpoustédla pouzivana v NACE ovliviiyji vlastnosti analyti i slozek
pracovniho elektrolytu. Vybérem vhodného rozpoustédla lze dosdhnout selektivity,
ktera by ve vodném prostfedi byla obtizné dosazitelna. Je to dano rozdilnymi hod-
notami pK, kyselin a bazi ve vodném a nevodném prostfedi. Zmény pK, analyta ve-
dou ke zméné jejich elektroforetickych mobilit (napt. nahrazeni vody methanolem

nebo acetonitrilem zvysuje jejich pK,).

NACE vyuziva velmi odlisnych fyzikalnich vlastnosti nevodnych rozpoustédel
pro kontrolu EOF a migraci analytd. Rozpoustédla v NACE musi spliiovat nékteré

predpoklady:
* musi rozpoustét analyty a také jednotlivé konstituenty pracovniho elektroly-
tu
* méla by byt netoxicka a nepfili$ reaktivni
* méla by byt ekonomicky dostupna v potiebné cistoté
» pfilaboratorni teploté by méla byt v kapalném stavu

* méla by mit vysokou relativni permitivitu (dieelektrickou konstantu, ¢), niz-

kou viskozitu () a nizky tlak par (p)

Relativni permitivita je zasadni vlastnosti rozpoustédla pro NACE, protoze po-
pisyje silu interakci mezi ionty a rozpoustédlem. Vétsina nevodnych rozpoustédel
ma € vétsi nez 30, ktera zajistuje plnou nebo dostate¢nou disociaci iont elektrolytd.
Rozpoustédla, ktera maji € mensi nez 10, Ize pouzit pouze ve smési s rozpoustédlem

4

s vyssi permitivitou.
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Dalsim dtlezitym parametrem pouzitého rozpoustédla je jeho dynamicka vis-
kozita, ktera ovliviiuje mj. laminarni tok v kapilate. Rozpoustédlo s nizkou dyna-
mickou viskozitou vede k vy$sim mobilitam solvatovanych iontd a tim se zkracuje
Cas analyzy. Mezi nejcastéji pouzivana rozpoustédla v NACE patfi methanol a ace-

tonitril, jako ptiklad elektrolytu Ize zminit pufr tvofeny kyselinou octovou a octa-

nem amonnym [4,34].

3.3.Prekoncentracni techniky

Znac¢nou nevyhodou kapildrni elektroforézy je mala citlivost, zejména
v piipadé UV detekce. Ta je dana tzkym vnitinim pramérem kapilary, ktery je nut-
ny pro omezeni elektromigra¢ni disperze, a malymi davkovanymi objemy (v klasické
kapilarni elektroforéze se davkuje piiblizné 1 % celkového objemu kapilary). Vyvoj
postupt zvysujicich citlivost kapildrni elektroforézy patii mezi hlavni vyzkumné

priority.

Citlivost Ize zvysit riznymi zptsoby. Patfi sem napiiklad pouziti vysoce citli-
vych deteké¢nich technik (napf. laserem indukované fluorescence, elektrochemic-
kych detektort nebo hmotnostni spektrometrie), pouziti chemické derivatizace ne-
bo kapilary se specidlné upravenou detekéni celou (Z cela, bublinova cela). Dalsim
zplsobem je zakoncentrovani vzorku pomoci off-line technik jako je SPE apod. Tyto
techniky jsou vSak obtizné automatizovatelné, ¢asové naro¢né a vnasi do analyzy

vétsi miru variability [4].

U¢innéjsim zptsobem zvySeni citlivosti je on-line zvy$eni hmoty analytu
v jeho z6né béhem elektromigrace. Tento zptsob spociva v nadavkovani vétsiho
objemu nafedéného vzorku a jeho nasledném zakoncentrovani ptimo v kapilaie po-

uzitim vhodné techniky.

Je-li prekoncentrace zapfi¢inéna elektromigra¢nim chovanim analyt®, oznacu-
je se tento zptisob zakoncentrovani jako stacking. Zakoncentrovdni umoznéné
chromatografickym chovanim analyt v MEKC se oznacuje jako sweeping. Dale se
vyuziva zakoncentrujicich vlastnosti izotachoforézy, kterou lze spojit napt. se zono-

vou elektroforézou.
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3.3.1. Stacking

Zakladni podminkou pro realizaci stackingu je nizka vodivost matrice analyzo-
vaného vzorku, kterd zptisobuje, Ze intenzita elektrického pole je v z6né vzorku
vys$si, nez ve zbytku kapildry a ionty v ni migruji rychleji. Jakmile ionty ptekroci roz-
hrani mezi vzorkem a separa¢nim elektrolytem, jejich migrace se zpomali vlivem
niz$i intenzity elektrického pole. Takto se analyty zakoncentruji do tizké zony. Ten-

to mechanismus se uplatiiyje jak pro pozitivné, tak negativné nabité ¢astice [35].

Podle zptsobu realizace lze rozdélit stacking do nékolika podskupin.

3.3.1.1. Zakoncentrovani vzorku zesilenim pole

Zakoncentrovani vzorku zesilenim pole (FASS) je jedna z ¢asto pouzivanych
technik prekoncentrace. Jeji podstata spociva v hydrodynamickém nadavkovani del-
§i zény vzorku rozpusténého v malo koncentrovaném elektrolytu. Kapildra je napl-
néna BGE o vyssi koncentraci. Pfi vlozeni napéti dochazi diky odlisnym vodivostem

na rozhrani zon BGE a vzorku k zakoncentrovani.

Délka zakoncentrované zony (Isck) je uréena vztahem
stack ~ ‘inj

kde [;,; predstavuje délku ptivodni zény vzorku. Faktor zkraceni zény y je urcen

vztahem

y= S = ,
EBGE US

kde Es a Epgr pfedstavuji intenzitu elektrického pole v zoné vzorku, resp. za-

kladniho elektrolytu.

Vlastni separace po zakoncentrovani probiha jako klasickd CZE. Tento ptistup
umoznuje davkovani zony vzorku optimalni délky, tj. max. 1-2 % celkového objemu

7

kapildry. V opa¢ném piipadé dochazi ke ztraté separa¢ni ti¢innosti.

Obvykle je touto technikou dosahovano ptiblizné desetindsobného zakoncent-

rovani.
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Tento zpiisob zakoncentrovani se nékdy oznacuje také jako NSM (normal

stacking mode) [4,7,36,37].

A) v
E, Ey E,)
(Sad o
= o
o
oblast vzorku oblast BGE
(nizkd vodivost) (vysoka vodivost)

zaostfujici rozhrani
intenzita
elektrického pole

=

DOOOQ
(+]

\ zakoncentrované

analyty

Obrazek 15 Obecny princip FASS: A) zéna vzorku o nizké koncentraci a vysokém odporu nadavko-
vana do kapilary naplnéné BGE s velkou iontovou silou a vysokou vodivosti; B) profil intenzity elek-

trického pole v kapilate; C) po aplikaci vysokého napéti jsou analyty zakoncentrovany na zaostiuji-

cim rozhrani (piekresleno podle podle Mariny, Riose a Valcarcela [4])

3.3.1.2. Zakoncentrovani vzorku z velkého objemu

V této technice (LVSS) je davkované mnozstvi vzorku vétsi, nez optimalni dél-
ka zény vzorku v FASS (tj. vice neZ 1-2 % celkového objemu). Pfebyte¢nd matrice
musi byt odvedena z kapilary. Toho lze dosdhnout napf. aplikaci reverzni polarity
bezprostfedné po nastiiku vzorku. Matrice se tak odstranuje z kapildry a analyty se

koncentruji ve formé uzké zény na pocatku kapilary.

Béhem prekoncentrac¢ni faze je nutné peclivé sledovat proud, aby se predeslo
ztraté vzorku. Postupny narast elektrického proudu je zptisoben nahrazovanim ma-
trice vzorku pracovnim elektrolytem. Kdyz hodnota proudu dosdhne hodnoty blizké
hodnoté pozorované u méfeni s kapilarou naplnénou separa¢nim elektrolytem, je

polarita zménéna a dale jiz separace probiha klasickym zptisobem [4,7].
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Obrazek 16 Schéma LVSS s piepnutim polarity; A) na zac¢atku analyzy je aplikovana reverzni polarita
na kapildru naplnénou z velké ¢asti zfedénym vzorkem B) po dosaZeni 90-95% piivodni hodnoty
proudu je vysokém napéti vypnuto C) po aplikaci vysokého napéti v normdlni polarité probihd sepa-

race (piekresleno podle podle Mariny, Riose a Valcarcela [4])

3.3.1.3. Zakoncentrovani vzorku s vyuzitim elektrokinetického
davkovani

Zakoncentrovani vzorku s vyuzitim elektrokinetického davkovani (FASI) je za-
lozeno na nadavkovani tzké zony vody nasledované elektrokinetickym davkovanim
vzorku o nizké vodivosti. Nejlepsich vysledki bylo dosazeno pii analyze kladné na-

bitych hydrofobnich latek.

Vysoka intenzita elektrického pole v zéné vody urychluje migraci kationtt
smérem k rozhrani voda-BGE. Po pfekroc¢eni tohoto rozhrani se analyty zpomaluji
a zakoncentrovavaji. Pro zakoncentrovani aniontt musi byt pouzita reverzni polari-

ta.

Pokud je EOF v opa¢ném sméru k migraci analyzovanych iontd, je nutné, aby

byla jeho rychlost mensi, nez rychlost migrace analyt.

4

Zakoncentrovani pomoci FASI vede k vyssi citlivosti detekce nez u hydrody-
namického davkovani, u kterého je velikost nasttiku limitovana délkou kapilary.
DosazZena citlivost je srovnatelna s LIF detekci (tzn. Ze Ize pracovat s nanomoldrnimi

koncentracemi) [4,7].
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Obrazek 17 Princip FASI kladné nabitych ¢4stic A) nadavkovani tizké zony vody na inlet kapilary B)
vloZeni vysokého napéti na elektrody a elektrokinetické davkovani C) zdména vzorku na inletu za

separa¢ni pufr D) separace zakoncentrovanych analyta

3.3.1.4. Zakoncentrovani zprostiedkované pH

U FASS, LVSS a FASI je nutné davkovat analyty rozpusténé ve vodé nebo zfe-
déném BGE, aby mél davkovany vzorek nizkou vodivost. Redlné (napf. biologickeé)
vzorky musi byt proto silné nafedéné, aby je bylo mozné davkovat a nasledné za-
koncentrovat. Toto omezeni lze obejit pomoci techniky on-line ,titrace“ nadavko-
vaného vzorku a tim vytvareni nizkovodivostni zony pfimo v kapilate. Tato technika

se oznacuje jako zakoncentrovani zprostfedkované pH [4].

Nejprve je elektrokineticky nadavkovan biologicky vzorek s velkou iontovou
silou a poté zona silné kyseliny, napt. HCIl. Protony z této zony rychle migruji do
zony vzorku, dochazi k jeho neutralizaci a tim ke vzniku zény s neutralnim pH.

V dané zoné vznikne elektrické pole o vysoké intenzité, analyty jsou urychleny smé-

rem k rozhrani mezi vzorkem a elektrolytem a dochazi k jejich zakoncentrovani.

Uvedend metoda mize byt pouzita také pro analyzu aniontt, kdy je nutny
pridavek modifikatoru EOF do zdkladniho elektrolytu, jako je napi. CTAB a aplika-
ce reverzni polarity [38].

3.3.2. lzotachoforetické zakoncentrovani

Spojeni ITP s CZE lze provést dvéma zpisoby: indukci pfechodné izotachofo-

rézy nebo on-line kombinaci realizovanou spojenim kolon.
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3.3.2.1. On-line kombinace kapilarni elektroforézy se zonovou
elektroforézou realizovana technikou spojeni kolon

On-line kombinace ITP-CZE je velmi efektivhim ndastrojem ke zvySeni sepa-
dvoukolonovém uspotadani, kdy v prvni kapilafe probiha ITP, ktera je nasledovana
on-line pfechodem vzorku pfes spojovaci blok do druhé kapilary. V ni pak analyza

pokracuje jako CZE [39].

Béhem ITP dochazi k separaci slozek vzorku v zavislosti na jejich migra¢nich

vlastnostech. Poméry v ITP kapildfe lze charakterizovat nasledovné:

a) elektroneutrédlni a opa¢né migryjici slozky nemohou dosdhnout CZE

kolony
b) analyzované slozky migrujici izotachoforeticky
c) slozky migrujici elektroforeticky v LE a TE
d) nezadouci slozky nachazejici se v izotachoforetickych zonach

) a d) jsou povazovany za hlavni interferujici slozky pti CZE analyze vzorku
a jejich oddéleni ma zdsadni vyznam pro ziskani ,¢istého“ vzorku pro CZE analyzu.
Zptisob eliminace interferujicich analyt spociva v optimalnim ¢asovém pfepinani
proudu pfi prichodu spojovacim blokem preseparac¢ni a analytické kapilary [40].

V okamziku, kdy jsou nezadouci slozky odvedeny k pomocné elektrodé, do-
chazi k prepnuti proudu a tim pievedeni pozadovanych slozek do CZE kapilary [39].
Zde dochazi k elektroforetické separaci analytti, kdy jejich jednotlivé zony migruji
kazda svou vlastni rychlosti a prostorové rozdélené zdony jsou posléze detekovany

[41].
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Obrazek 18 Schéma aparatury pro ITP-CZE v dvoukolonovém uspofadani

Elektrolytové systémy pouzivané v ITP-CZE

V prvni fazi je nutné zvolit systém vhodny pro ITP. Mobilita iontu L musi byt
vétsi nez mobilita v8ech ostatnich slozek. Mobilita iontu T musi byt naopak nejnizsi
ze vSech. pH LE musi zarucovat dostate¢nou disociaci slabych kyselin nebo ionizaci
bazi v jejich zénach. Uplna ionizace véech slozek analytu neni vhodna, protoze do-

chazi ke snizeni selektivity pii separaci [41].

Ve druhé fazi se vyuziva systém vhodny pro CZE: pro kombinaci ITP-CZE jsou
uvadény tii typy uspoifadani, jejichz klasifikace je zaloZena na typu elektrolytu pou-
zitém pii CZE:

a) Systém T-S-T: nejjednodussi systém, kdy je TE stejny jako BGE v CZE fazi.
Preseparacni kapildra je naplnéna LE a TE, zatimco analytickd kapilara je na-
plnéna TE. V prvnim kroku je vzorek (S) nadavkovan mezi TE a LE a na elek-
trody v ITP kapilafe vlozeno vysoké napéti. Jednotlivé slozky vzorku tvoti
ostfe ohranicené izotachoforetické zony. V okamziku, kdy T-S-L zéna pte-
chazi do rozdélovaciho raménka a L k pomocné elektrodé, se vysoké napéti
pfepind na analytickou kapildru tak, aby ptesly poZzadované zony, ale (v ide-
alnim ptipadé) zadny L. V tento okamzik se stavaji zony zakoncentrované
v ITP fazi vzorkem pro CZE.
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b) Systém L-S-L: LE je zaroven pouZit jako BGE pro CZE. Vzorek je nadavkovan

zakoncentrovane

analyty

makrokomponenta u
zakoncentrované
analyty
BGE =TE

Obrazek 19 MoZné elektrolytova uspofadani v ITP-CZE v dvoukolonovém uspofadani (A - konec ITP

faze; B - zadatek CZE faze)

mezi TE a LE a na elektrody v ITP je vloZeno vysoké napéti. Opét dochazi

k vytvofeni ostfe ohranic¢enych zon. V okamziku, kdy zény analytu dosdhnou
rozdélovaciho raménka, se vysoké napéti piepne na analytickou kapilaru

a vzorek plynule pfechdzi do analytické kapilary. Ve chvili, kdy posledni zéna
(ale jiz ne T) piejde do analytické kapilary, se napéti pierusi a TE se zaméni

za LE. Napéti se obnovi a analyza pokracuje.

Systém BGE-S-BGE: tfeti moznost spociva v pouziti BGE odlisného od LE

a TE. Po nadavkovani a zapojeni zdroje vysokého napéti opét vznikaji ostie
ohranicené zény, které spolu putuji smérem k analytické kapilafe. K prepnuti
napéti na analytickou kapilaru dojde opét v okamziku, kdy zony doputuji

k rozdélovacimu raménku. K pfepnuti nesmi dojit ptili§ brzy, aby do analy-
tické kapildry spolu s analyty nemigroval i L. Jakmile do analytické kapilary
piejde posledni zona, je napéti preruseno a TE nahrazen BGE. K vyméné
elektrolyti nesmi dojit pozdéji, protoze hrozi pfestup T do analytické kapila-

ry [42].

T-s-T L-S-L BGE-S-BGE

B)% B)Z; B)é;

BGE ——
LE
— makrokomponenta [+ makrokomponenty
Zakoncentrovane —_— zakoncentrovane —_—
analyty analyty
BGE = LE BGE ——

z@ % f

E

Systém T-S-T je pouzivan, jsou-li pfedmétem zajmu pomalejsi slozky vzorku.

Zajimaji-li nas spise rychleji migrujici slozky, jejichz pohyblivost je podobna pohyb-
livosti vedouciho iontu, je vyhodnéjsi pouziti L-S-L systému. BGE-S-BGE systém se

pouziva (pro svou slozitost) ve specidlnich p¥ipadech [39].
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Prechod ITP do CZE

Dtlezitou fazi analyzy provadéné pomoci kombinace ITP-CZE je okamzik, kdy
jsou izotachoforeticky zakoncentrované zdny vzorku pievedeny do rozdilného elek-
trolytového systému, ve kterém by mély migrovat elektroforeticky. S analyty se do
CZE kapilary dostava urcité mnozstvi LE a TE, coz vede k pfetrvavani ITP migrace v
CZE fazi a dochazi k negativnimu ovlivnéni kvalitativnich i kvantitativnich paramet-
rtt detekovanych zoén. Z tohoto divodu je nutné zajistit, aby mnozstvi pfevedeného
LE a TE bylo co nejmensi [41], a pec¢livé monitorovat ¢asovy piechod analytt z ITP

do CZE systému.

Pristrojové uspordddni on-line ITP-CZE

Kapilara pouzivana pro ITP musi mit dostate¢nou separac¢ni kapacitu, proto se
nejcastéji pouzivaji kapilary s vétsim primérem, pro CZE se naopak pouzivaji kapi-
lary s mensim prameérem, které jsou opatiené citlivym detektorem. Obé kapilary
jsou vzajemné propojené prostiednictvim spojovaciho bloku, ktery zajistuje odve-
deni nezadoucich zon k pomocné elektrodé a prechod téch ITP zon do CZE faze,
které jsou predmétem zdjmu. K detekci v ITP kroku se nejcastéji pouziva konduk-
tometricka, v CZE fazi pak spektrofotometricka detekce [37,41]. Davkovéni se prova-

di pomoci davkovaciho kohoutu o objemu fadové v desitkach pl.

3.3.2.2. Pfechodna izotachoforéza

Piechodna izotachoforéza (tITP) je zaloZena na vybéru BGE s vhodnym spo-
luiontem, kdy makrokomponentni slozka vzorku ptisobi jako ,stacker®. Pfi pre-

chodné izotachoforéze lze pouzit dva pfistupy:

v

a) Zakladni elektrolyt je zvolen tak, Ze spoluiont ma vyssi efektivni mobilitu nez
analyty. Spoluiont ptebird ulohu vedouciho iontu, makrokomponenta pfi-
tomna ve vzorku hraje roli terminatoru. Vzorek je davkovan hydrodynamicky
a po vlozeni elektrického pole dojde k vytvoreni pfechodného ITP stavu. Po
zakoncentrovani analyt@ a rozmyti makrokomponenty nastava separace po-

moci CZE.
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b) Zakladni elektrolyt je zvolen tak, Ze spoluiont ma nizsi efektivni mobilitu nez
analyty. V tomto pfipadé piebira spoluiont funkci koncového iontu, roli ve-
douciho iontu pifebird makrokomponenta ve vzorku. Tento pfistup je vyhod-
ny pfedevsim pro biologické matrice, které ¢asto obsahuji velké mnozstvi
iontd s vysokou mobilitou (K*, CI'). Schéma tohoto pfistupu zndzortiuje

Obrazek 20.

c) Vzorek je upraven tak, aby obsahoval makrokomponentu, ktera hraje roli LE,

a makrokomponentu, ktera hraji roli TE.

Sledované analyty musi mit mobility v rozmezi mezi mobilitami spoluiontu
a makrokomponenty. Pokud maji pohyblivosti mimo toto rozmezi, migruji

v normalnim CZE mdédu a z davodu vysoké vodivosti vzorku jsou enormné rozmyté.

Analyty zakoncentrované mezi spoluiontem a makrokomponentou opousti
ITP region postupné, a to podle miry, v jaké se lisi jejich mobilita od mobility mak-
rokomponenty. Pro optimalni separaci vSech analytd je nutné zajistit dostate¢né
dlouhou migraé¢ni drdhu [37].

A) B)

C c

BGE BGE BGE BGE

> >

migrace migrace

) D)

S2 s1

>

migrace migrace

Obrazek 20 Schéma piechodné ITP indukované pfidavkem vedouciho iontu (piekresleno podle
Urbanka [37]). A) Vzorek (analyty S, a S,) doplnény o makrokomponentu L, ktera hraje roli LE, je

naddvkovan do zakladniho elektrolytu; B) Po vloZeni vysokého napéti na elektrody opousti kompo-

nenty vzorku ptivodni zénu vzorku a jejich koncentrace se méni podle Kohlrauschovy regula¢ni
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funkce; C) Makrokomponenta L se vlivem vysoké migra¢ni rychlosti silné rozmyva a v okamziku, kdy
zanikne samostatnd zdéna L, zanikaji i podminky pro tITP; D) V8echny slozky vzorku migruji v CZE

modu.

3.3.3. Dynamic pH junction

Jsou-li ionizovatelné funkéni skupiny analyta slabé kyselé nebo slabé zasadité,
zavisi naboj analytu na stupni ionizace vyplyvajicim z pK, hodnot téchto funk¢nich
skupin a z pH roztoku. Na tomto principu je zaloZena dal$i prekoncentra¢ni techni-
ka oznacovana jako ,,dynamic pH junction®. Jedna se o postupnou zménu pH v sys-

tému s rozhranim oddélujicim elektrolyty rtizné acidity.

Princip Ize popsat na analyze slabé kyselych analyta. Analyty jsou rozpustény
v matrici o pH asi o dvé o jednotky niz§im, nez je pK, analyt, kdy slabé kyselé ana-

lyty nejsou prakticky disociovany.

Po nadavkovani velkého objemu ztedéného vzorku do kapilary obsahujici BGE
o vysokém pH, se vytvorti v kapilafe acidobazické rozhrani mezi zakladnim elektro-
lytem a vzorkem (Obrazek 21-A). Po aplikaci vysokého napéti toto rozhrani postup-
né zanika ,titraci vzorku hydroxidovymi ionty z BGE (Obrdzek 21-B). Pohybem
zony vzorku s EOF, dochazi k postupném zakoncentrovani az do okamziku, kdy

rozdil pH zcela vymizi a analyza pokracuje v klasickém CZE modu (Obrazek 21-C,D).

BGE
(oblast vysokého pH)

vzorek
A) (oblast nizkého pH})

rozhrani pH
pfechodu

(09)
«O

0O

zakoncentrované analyty EOF .
Ll

O ©  slabé kyselé analyty

cO nezakoncentrované analyty

Obrazek 21 Dynamic pH junction (piekresleno podle podle Mariny, Riose a Valcéarcela [4])
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3.3.4. Sweeping

Jako sweeping se oznacuje jev, kdy jsou analyty vychytavany a zakoncentrova-
ny micelami, které pronikaji do zony vzorku. Zéna vzorku micely neobsahuje, ale
ma podobnou vodivost jako zakladni elektrolyt. Jde o metodu nezavislou na EOF
a vyuzitelnou pro nabité i nenabité analyty. Vysledkem je zakoncentrovani analytu

do uzkého pasu, kdy mira prekoncentrace zavisi na afinité analytu k micelam.
Délka zény vzorku po sweepingu (lseep) je ddna vztahem

1
W +k

[ oo, =1

sweep

kde lij vyjadfuje ptivodni délku zony vzorku a k vyjadfuje retenc¢ni faktor ana-

lytu. Sweeping je tedy vhodny pro analyty s vysokou afinitou k pseudostacionarni
fazi [43].

Priibéh samotného zakoncentrovani zalezi na typu pouzitého surfaktantu
(kationicky, anionicky, neutralni...), na typu analytu (kationty, anionty, neutrdlni

latky) a také na pritomnosti ¢i absenci EOF.

Tato metoda byla poprvé poprvé popsana v systému s potlacenym EOF v pufru
s nizkym pH s pouzitim anionickych micel. Po aplikaci negativni polarity anionické
micely, pfitomné v pufru na katodickém konci kapilary, vstupuji do zéony vzorkuy,
,vychytavaji“ neutrdlni a slabé bazické analyty, které se diky potlac¢enému EOF po-

malu pohybuji proti micelam.

Pozdéji byly popsany dalsi zptisoby realizace metody, napt. sweeping za pouZi-
ti anionickych micel v systému s normalni polaritou a velkym EOF. Zakladni princip

separace zustava zachovan [37].

Sweeping v CZE, tj. v nepfitomnosti micel, popsali autofi Quirino a Terabe
[44]. Pouzili boratovy pufr, ktery vstupoval do z6n vybranych neutralnich monosa-
charidt a dvojsytnych fenol za tvorby negativné nabitych komplext. Zaostiujici
efekt zde nesouvisel s reten¢nim faktorem jako v MEKC, ale byl pfimo timérny aso-

cia¢ni konstanté komplexu a pH pufru [37,44].



3.4.Elektroforéza na Cipu

Zajimavy vyvojovy smér, a to nejen v elektroforetickych metodach, pfedstavuje
miniaturizace zafizeni. Vyhody miniaturnich systém spocivaji v rychlosti analyzy,
pfenosnosti analyz, nizkych pofizovacich a provoznich nakladech, moznosti para-
lelnich analyz a redukci objemu rozpoustédel, vzorku (fadové az pl) a odpadu (jsou
environmentalné setrné). Tato zatizeni jsou dobie komer¢né dostupna, ale je zvlad-

nutd i technologie jejich pfipravy na miru v laboratornich podminkach.

Zakladem téchto zatizeni jsou tzv. ¢ipy - ploché desticky s kanalky. Jako mate-
ridl pro vyrobu téchto desticek se nejprve pouzivalo kfemenné sklo, jehoz vyhoda
byla v optické transparentnosti a vlastnostech EOF blizkych klasickym kapilarnim
systémim. V soucasnosti se jako progresivnéjsi materialy jevi nejriiznéjsi polymery,

typickym piikladem mtze byt polymethylmethakrylat nebo polydimethylsiloxan.

V téchto destickach jsou riznymi technikami vytvoteny kanadlky a rezervoary

pro elektrolyty a vzorek. Mezi pouzivané postupy patii napf. fotolitografie:

1. Na sklenéné desti¢ce je umisténa ochranna vrstva (Cr/Al). Na ni je
rovnomeérné rozprostiena vrstva fotorezistu. Fotorezist je polymer, je-
hoz struktura se vlivem svétla méni - bud rozrusuje (pozitivni fotore-
zist) nebo naopak situje (negativni fotorezist).

2.V dalsim kroku je vrstva fotorezistu exponovana UV zafenim. To pro-
chazi pfes stinitko, ve kterém je vytvofen vzor budouci struktury ¢ipu
(Obrazek 22-A).

3.  Fotochemicka reakce béhem expozice rozrusi polymerni strukturu fo-
torezistu a jeho zbytky jsou vymyté. Prostfednictvim kanalkt vznik-
lych ve fotorezistu je vhodnym ¢inidlem naleptdna ochranna vrstva
(Cr/Al). Ochranna vrstva pod neosvicenym fotorezistem zlistane
netknuta (Obréazek 22-B).

4.  Poté je ptes kanalky v ochranné vrstvé aplikovana vhodna kyselina
(napf. HF), ktera nalepta vlastni sklenénou desti¢ku (Obrazek 22-C).

5.  Nakonec je odstranéna ochranna vrstva s vrstvou fotorezistu a destic¢-

ka s vytvofenymi kanalky je prekryta dalsi destickou (Obrazek 22-D,E).
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Obrazek 22 Schematické zndzornéni procesu fotolitografie (pfekresleno podle Mariny, Riose a

Valcarcela [4]).

Existuje mnoho typt rozvrzeni kandlkd na ¢ipu. Jednotlivé typy jsou Casto vy-
tvofeny na miru pro specifické potteby jednotlivych technik (naptiklad spojovani

kolon atd.). Jedno z typickych rozvrzeni znazornuje Obrazek 23.
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Obrazek 23 Jednoduché kiizové rozlozeni ¢ipu (ptrekresleno volné podle Mariny, Riose a Val-

carcela [4])

Jako jednu z nejpouzivanéjsich detek¢nich technik 1ze jmenovat laserem indu-
kovanou fluorescenci. Jeji vyhoda spociva v tom, zZe laser mtize byt zaméfen na
pfesné misto v miniaturnim kanalku, na druhou stranu zdaleka ne vSechny analyty
maji schopnost fluorescence. Casto se proto vyuziva elektrochemické detekce (kon-
duktometrické, amperometrické...), ktera je dostate¢né univerzalni a s miniaturizaci
neztraci citlivost, jako je tomu u spektrofotometrie. V literatufe je uvedeno také na-

pojeni na MS a dalsi pokrocilé detekéni techniky. [4,45-47]
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4. Prakticka cast - komentar k publikovanym pracim
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4.1.Vyuziti prekoncentracnich technik v kapilarni zonové

elektroforéze

4.1.1. Stanoveni fenolickych kyselin v methanolickém extraktu
drogy Epilobii herba metodou on-line kombinace kapilarni
izotachoforézy s kapilarni zonovou elektroforézou

Cilem této prace bylo vypracovani ITP-CZE metody v dvoukolonovém uspota-
dani (princip je rozebran v kapitole 3.3.2.1) pro analyzu vybranych fenolickych kyse-
lin v droze Epilobii herba. Vyhodou této metody je moznost separace a stanoveni

latek bez nutnosti pfedchazejici, casto velmi naro¢né off-line predupravy vzorku.

4.1.1.1. Epilobii herba a analyzované latky

Drogu Epilobii herba poskytuje nadzemni ¢ast druhti Epilobium parviflorum,
E. montanum, E. roseum a E. collinum (Oenotheraceae). Je poklddana pfedev$im za
tfislovinnou drogu. V lidovém lécitelstvi je doporucovana pfi onemocnéni prostaty

a jako dezinficiens mocovych cest [48].

V droze Ize identifikovat komplex sterol®, nejvyznamnéjsi z nich je p-sitosterol
a sitosterol-3-B-D-glukosid a dale pak estery (3-sitosterolu s nékterymi kyselinami.
Nadzemni ¢4st déle obsahuje mastné kyseliny (palmitovou, palmitoolejovou, stearo-
vou, olejovou, arachidonovou, linolovou, linolenovou a dalsi). Z E. parviflorum i dal-

gich druhti byly izolovany flavonoidy, zejména myricitrin, izomyricitrin kvercitrin aj.

V rostliné Ize nalézt i aromatické kyseliny, jako napiiklad kyselinu ferulovou,
protokatechovou, skoficovou, kdvovou, gentisovou a chlorogenovou [48-50], které

byly pfedmétem této prace.

Analyzované latky lze rozdélit do dvou zakladnich skupin na zakladé chemické
struktury, od které se odvozuji. Jsou to derivaty kyseliny benzoové a derivaty kyseli-

ny skoficové. Jednotlivé latky absorbuji v UV oblasti.
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Tab. 1 Derivaty kyseliny benzoové

R4 COOH

pKa
R1 R2 R3 R4

R3 R1 [51]
R2

k. protokatechova H OH OH H 4,45

k. syringova H |OCH3 | OCH3 | OH | 4,33
k. vanilova H OCH3 | OH H 4,45
k. gentisova OH | H H OH | 2,95

Tab. 2 Derivaty kyseliny skoficové

X _COOR,
1)
R1 R2 R3
R1 [51]
R2
k.skoricova H H H 4,43
k. ferulova OH OCH; | H 4,04
k. kavova OH OH H 4,04
k. p-kumarova OH H H 4,10
OH OH HO. COOH 3’96
k. chlorogenova
OH
OH

4.1.1.2. Optimalizace podminek

Na zdkladé piedchozich praci na katedfe [52-54] bylo zvoleno BGE-S-BGE
usporadani elektrolytovych systém. Bylo nutné optimalizovat slozeni vsech tii
elektrolytti (TE, LE a BGE). V8echny elektrolyty i vzorek obsahovaly 20 % (v/v)

methanolu.

Jako TE byl zpocatku pouzit roztok kyseliny borité o pH=8,2. TE s kyselinou

boritou vsak kladl velké ndroky na separac¢ni systém, protoze roztok v kapilare se
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zahtival, zvySovalo se napéti a analyza byla ¢asto prerusovana. To vyustilo ve snahu
zménit elektrolytovy systém ITP tak, aby zatizeni aparatury bylo nizsi. Cilem prace
bylo stanoveni aromatickych kyselin a komplexace s kyselinou boritou nebyla proto

nezbytna, jako je tomu u analyzy flavonoida v rostlinném materialu.

Jako TE byly vyzkouseny kromé kyseliny borité tfi dalsi latky (MES, HEPES
a p-nitrofenol), které mély vyssi pohyblivost nez kyselina borita. Jako vhodna alter-

nativa ke kyseliné borité v roztoku termindtoru se ukazala HEPES.

Jako vedouci iont LE byl pouzit CI". Jako protiiont byly vyzkouseny latky TRIS
a imidazol, z kterych byl pro dal$i analyzy vybran imidazol (pK, je 7,1). Imidazolovy

pufr s pH 7,1 zajistil dostate¢nou ionizaci a tim migraci fenolickych kyselin.

Pro dosazeni kvalitni separace je vhodné, aby efektivni pohyblivost aniontu
zakladniho elektrolytu byla co nejblize efektivnim pohyblivostem analyzovanych
latek. Byly testovany ¢tyfi rtizné anionty. Tti z nich (MOPSO, MES a HEPES) byly
derivaty sulfonovych kyseliny, ¢tvrtym byla kyselina hydroxyizomaselna. Nejlepsi

separace s ohledem na tvar a rozdéleni pikd, bylo dosazeno v systému s MES.

Pro zvoleny systém s MES byla provedena optimalizace pH s cilem zjistit opti-
malni hodnotu. Opét se hodnotil pifedev§im pocet a tvar jednotlivych pika. Testo-

vané rozmezi pH bylo 7,71-8,50. Nejlepsiho rozdéleni bylo dosazeno pfti pH 8,31.

Pro zjisténi vlivu kyseliny borité v BGE na separaci latek byl testovan vliv jejiho
pridavku do BGE v rozmezi do obsahu 50 mM kyseliny borité v BGE. V nepfitom-
nosti kyseliny borité byly prvni dva analyty (pozdéji identifikované jako kyselina
protokatechova a kavovd) zpomaleny a migrovaly s pomalej$imi kyselinami. Pi
koncentraci 30 mM kyseliny borité byla separace nejlepsi, pii nizsich koncentracich
bylo rozliseni pika vyrazné horsi. Pii vyssich koncentracich se prodluzovala doba

analyzy bez dalsiho zlep$eni separace.

Testovan byl také vliv ptidavku a-cyklodextrinu a B-cyklodextrinu do BGE
v koncentra¢nim rozmezi 5-15 mM. Jako nejvyhodnéjsi se projevilo pouziti
a-cyklodextrinu v koncentraci 10 mM.

S ohledem na komplikované instrumentalni uspotfadani této metody bylo za-

potiebi vénovat velkou pozornost ¢asovému rezimu analyzy. Optimalniho rezimu
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bylo dosazeno proméfenim fady raznych ¢asovych kombinaci. ITP faze zac¢inala

s proudem 200 pA (pfiblizné po dobu 10 minut). Od konce viny uhli¢itant byl tento
proud ponechan po dobu dalsich 100 sekund. Poté byl sniZen na 100 pA a ponechan
na této hodnoté 70 sekund. Poté byl proud pfepnut na analytickou kolonu. Béhem
prechodu analyzovanych zon do analytické kapilary (210 sekund) byla jeho hodnota
50 HA. Po uplynuti 210 sekund byla analyza pferusena, preseparac¢ni kapildra pro-
plachnuta BGE. Analyza pokracovala pfi 50 pA dalsich 9o sekund. Posledni zménou
proudu byla zména jeho hodnoty na 20 pA a pfi této hodnoté analyza probihala az

konce.

V optimalnim systému migrovaly jednotlivé kyseliny v nasledujicim pofadi:
k. protokatechova, k. kavova spolu kyselinou gentisovou, k. skoficova, k. vanilova,

k. kumarova, k. syringova, k. ferulova a posledni k. chlorogenova.

4.1.1.3. Validace metody

Kalibraé¢ni zavislosti latek byly méteny v rozmezi koncentraci 1,92-0,192 pg-ml™
pro k. protokatechovou, vanilovou, kumarovou, syringovou, ferulovou;
3,84-0,384 pg-ml™ pro k. kavovou, chlorogenovou a gentisovou; 0,96-0,096 pg-ml™

pro k. skoficovou.

Jako kvantitativni parametr byly pouzity plochy pika ze zdznam UV detekto-
ru, které byly vyhodnoceny pomoci softwaru ITP Pro32 (KasComp, Bratislava, Slo-
venska republika). Kalibra¢ni zavislosti byly zpracovany v programu Microsoft Excel
pomoci linedrni regrese. Hodnoty korela¢nich koeficientti (R=0,9937-0,9977) svédci
o tom, Ze v daném rozmezi je zavislost plochy piku na koncentraci studovanych la-

tek linearni.

Detek¢ni limit (LOD) byl stanoven nejcastéj$i pouzivanou metodou 3S/N
(podle metodickych pokyna ICH [55]). Nejnizsi detekéni limit vykazovala k. skofi-
cova (0,005 pg-ml™) a k. kumarova (0,010 pg-ml™). Deteké¢ni limit se déle zvySoval
v poradi: k. ferulova (0,021 pg-ml™), k. syringova (0,026 pg-ml™), k. kdvova
(0,034 pg-ml™), k. protokatechova (0,041 pg-ml™), k. vanilova (0,044 pg-ml™). Nejvys-

8i detek¢ni limit vykazovala k. chlorogenova (0,061 pg-ml™).
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Opakovatelnost ¢astt byla velmi dobr4, pro jednotlivé analyty (kromé
k. chlorogenové) nepiesahla 1 %. Stejné tak opakovatelnost ploch pikit prakticky

nepiekrocila 5 %, vyjimkou byla opét kyselina chlorogenova.

4.1.1.4. Aplikace metody na analyzu rostlinného materidalu

Validovand metoda byla aplikovdna na analyzu rostlinného extraktu ptiprave-
ného sonifikaci upraskované drogy v methanolu, naslednou filtraci a nafedénim vo-

dou na pozadovany objem.

Vysledky identifikace vybranych konstituentt vrbovky popsanou metodou jsou
v dobré shodé s praci, ve které A. Hiermann a B. Radl pomoci kapilarni zénové elek-
troforézy analyzovali aromatické kyseliny ve stejné rostlinné droze [50]. Oproti této
praci se nepodafilo prokazat kyselinu gallovou a kyselinu chlorogenovou, pfestoze
ve smési standardd v daném systému migrovala, naopak navic byla identifikovana

kyselina kumarova.

Vysledky ITP-CZE analyzy extraktu z vrbovky lze také srovnat s vysledky zis-
kané metodou CZE vyuzivajici LVSS s pfepindnim polarity [56]. Metoda i srovnani

jsou uvedeny v kapitole 4.1.2.

Srovnani ITP-CZE s klasickou CZE v extraktech z jinych drog je obtizné
z divodu ne zcela totoznych cilovych analytd. Toto srovnani lze ale provést na
urovni zdkladnich analytickych parametri jako je citlivost, ¢asu analyzy a naro¢nos-

ti upravy vzorku.

Napt. CZE analyze 13 fenolickych kyselin v droze Bromus inermis pifedchazela
extrakce na Soxhletové extraktoru a purifikace pomoci SPE [57]. Osm fenolickych
kyselin obsazenych v potravindch a napojich bylo extrahovano methanolem na ul-
trazvukové lazni po dobu 10 minut, extrakt byl centrifugovan, kapalna faze filtrova-
na pres membranovy filtr, filtrat odpafen dosucha na vakuové rota¢ni odparce a
zbytek po odpateni rozpustén v methanolu [58,59]. l[inuma a Herrmann vyvinuli CE-
ESI-MS metodu pro stanoveni modelové smési 6 fenolickych kyselin a nebyla proto
nutnd zadnd Gprava vzorku [60]. V nasi praci byl upraskovany rostlinny material 30
min sonifikovan methanolem, extrakt zfiltrovan pfes filtra¢ni papir a pted analyzou

natedény vodou. Tento jednoduchy postup byl mozny, protoze béhem ITP kroku
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jsou nezadouci nabité komponenty vzorku odvedeny k pomocné elektrodé. Vlastni
analyza v8ak byla delsi, tj. asi 25 min. Ostatni publikované metody vykazovaly vy-

razné krats$i ¢asy, méné nez 10 minut [57] nebo dokonce nez 3,5 minuty [58,59].

Detek¢ni limity, dosazené pfedlozenou metodou pro fenolické kyseliny
(0,005-0,061 pg-ml™) byly lepsi, nez limity dosazené klasickou CZE (0,02-0,12 pg-ml™
[57], 0,04-0,07 pg-ml™ [58,59] a 0,015-0,168 pg-ml™ [60]). Opakovatelnost ploch piki
byla obdobna nebo lepsi nez u vysledki jinych autord, napt. RSD =1,56-4,23%

u [57], RSD < 5,4% u [59], RSD <4,8% u [58] a RSD = 5-8,8% u [60]. Nebyl pozoro-
van vyraznéjsi rozdil v opakovatelnosti migra¢nich ¢ast v nasi praci a srovnavanych

publikacich. Také kalibra¢ni rozmezi bylo srovnatelné.

4.1.2. Vyvoj stacking-CZE metody pro analyzu fenolickych kyselin

Cilem této prace bylo vypracovani metody kapilarni zénové elektroforézy s vy-
uzitim techniky LVSS s pfepinam polarity (princip techniky viz kapitola 3.3.1.2) pro
separaci a stanoveni osmi fenolickych kyselin v modelové smési a extraktu z rostlin-
né drogy Epilobium parviflorum. Struktura a vlastnosti analyzovanych latek jsou

uvedeny v kapitole 4.1.1.1).

4.1.2.1. Optimalizace CZE v klasickém modu

Nejprve byla provedena optimalizace elektrolytového systému pro analyzu ky-
seliny skoficové, kumarové, ferulové, syringové, kavové, gentisové, vanilové a chlo-
rogenové. Cilem bylo dosahnout jejich tiplné separace se symetrickymi piky a co

nejvétsi plochou.

Pro separaci byl zvolen elektrolytovy systém s alkalickym pH na zakladé bora-
tového pufru pro dosazeni ionizace karboxylovych a fenolickych skupin separova-
nych kyselin a moznosti zlepseni separace a selektivity tvorbou komplext boratu
s o-dihydroxylovymi skupinami. Byl testovan efekt koncentrace boratu, o-cyklodex-
trinu a methanolu a jako nejvhodnéjsi BGE se ukazal systém slozeny z 50 mM bora-
tu a 2% o-cyklodextrinu o pH = 9,0. V tomto elektrolytovém systému byly piky sy-

metrické, rozdélené na zdkladni linii s pfijatelnou délkou analyzy.



4.1.2.2. Optimalizace CZE analyzy s vyuzitim tzv. ,stacking“ tech-
niky
S vyuzitim systému z piedchozi optimalizace byly dale optimalizovany pod-
minky pro proces zakoncentrovani velmi fedénych roztoka smési kyselin za pouziti

stacking procedury s prepnutim polarity. Cilem bylo zvysit citlivost analyzy a stano-

vit obsah kyselin v rostlinném materialu.

Pro ziskani co nejvyssi odezvy detektoru a tim i citlivosti stanoveni bylo nutné
nalézt vhodny tlak, dobu nasttiku a ¢as pfepnuti polarity. U prvnich dvou paramet-
rit jde o optimalizaci ddvkovaného objemu zfedéného roztoku vzorku. Cas zmény
polarity pak urc¢uje délku fokusa¢niho kroku, ktery nesmi byt ani ptili§ kratky (ne-

doslo by k dostate¢nému zakoncentrovani) ani ptili§ dlouhy (doslo by ke ztraté ana-
lytd).

Jako modelova latka byla zvolena kyselina skoficova s nejkrat§im migra¢nim
¢asem. Cas pfepnuti polarity byl uré¢en podle hodnoty proudu. K piepnuti doslo
v okamziku, kdy proud dosahl pftiblizné 95 % ptavodni hodnoty (s opa¢nym zna-

ménkem), ktera byla namétena pii separaci pomoci klasické CZE.

Bézny hydrodynamicky nasttik u klasické CZE je obvykle 6 vtefin pti tlaku
50 mBar. Pro moznost zakoncentrovani bylo nutno davkovani zvysit. Software pii-
stroje umoznoval délku nastfiku maximalné g9 vtefin, tato hodnota byla tedy brana
jako konstantni a davkovany objem byl ovliviiovan tlakem pouzitym pfi nasttiku.
Zavislost zmény plochy pikii na hodnoté tlaku byla sledovana v rozmezi 50-

200 mBar.

Se zvySujicim se tlakem nastfiku se prodluzovat ¢as prepnuti polarity. Pfi hod-
noté 200 mBar byl pribéh proudu nekonstantni a plocha piku nemohla byt odecte-
na. Nejlepsi vysledky byly ziskany pfi aplikaci 100 mBar. Objem nastfiku pfi tomto
tlaku odpovidal 70 % celkového objemu kapilary. K piepnuti polarity doslo v 1,8 mi-

nute.
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4.1.2.3. Validace metody

Kalibra¢ni zavislost byla ziskana proméfenim péti standardnich roztokd kazdé
stanovované kyseliny v koncentra¢nim rozmezi 0,1-2,0 pg-ml™ za pouziti optimali-
zované metody. Plocha piki byla pouzita jako kvantitativni parametr, pro jeji vy-
hodnoceni byl pouzit obsluzny program Karat 32 Gold dodavany s pfistrojem. Pro
kazdou koncentraci byla provedena tfi méfeni, z kterych byl vypocitan aritmeticky
pramér. Hodnoty korela¢nich koeficientt (0,9982 — 0,9995) potvrzuji linearni za-

vislost plochy pik@ na koncentraci ve zvoleném rozmezi.

LOD byl urcen analyzou latek ptislusné koncentrace odpovidajici poméru sig-
ndlu k sumu s hodnotou 3 (podle metodickych pokynt organizace ICH [55]). Nej-
nizsi limit vykazuje kyselina skoficovd, p-kumarova, ferulova, gentisova a syringova
(0,01 pg-ml™). Vyssi detek¢ni limit ma kyselina kavova a vanilova (0,02 pg-ml™), nej-

vy$$i kyselina chlorogenova (0,025 pg-ml™).

Dostupné publikované prace pouzivajici pro konvenc¢ni CZE kfemennou kapi-
laru, uvadéji pro kyselinu p-kumarovou LOD = o,10 pg-ml™ [61], 0,1 pg-ml™ (kapilara
s vnitinim pramérem 75 pm) [62], LOD pro ferulovou kyselinu = 0,16 pg-ml™ [61]

a 0,040 pg-ml™ [62], LOD pro kyselinu kavovou 0,13 pg-ml™ [61], pro kyselinu vanilo-
vou 0,030 pg-ml” [62] a syringovou 0,2 pg-ml™ [62]. Uvedené detekéni limity jsou
vys$si nez limity zjisténé optimalizovanou metodou CZE s vyuzitim stacking techni-
ky. Vyssi citlivost ma metoda i v porovnani s HPLC, kde se dosazené detek¢ni limity

pohybuji v rozmezi 0,029 - 0,416 pg-ml™ [63].

Pro ovéfeni opakovatelnosti ploch pikt a migrac¢nich ¢asi bylo provedeno Sest
méfeni pro danou koncentraci. Hodnoty relativnich smérodatnych odchylek (RSD)
migracnich c¢asti nepiekrocily 2 %, RSD ploch pikt dosahovaly hodnot nizsich nez

5 % s vyjimkou kyseliny syringové (RSD = 5,69 %).

Porovndnim korigovanych ploch pika (plocha pikti/migrac¢ni ¢as) jednotlivych
kyselin u klasické CZE a CZE s vyuzitim stacking techniky bylo docileno v praméru
40-ti nasobného zvyseni citlivosti metody. V pracich ostatnich autor je mozno na-
lézt udaje aZ 0 100-ndsobném zakoncentrovani [64], vétsinou vSak literatura uvadi

40-75-ndsobné zvyseni citlivosti [63].
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Podrobny popis a vysledky jsou uvedeny v kapitole 5.3.

4.1.2.4. Aplikace metody na analyzu rostlinného materidlu

Validovana metoda byla aplikovana na identifikaci a kvantifikaci vyse uvede-
nych fenolickych kyselin v methanolickém extraktu nati vrbovky. V extraktu byly
prokazany kyseliny skoficova, chlorogenova, kavova a vanilova. Vysledky byly po-
rovnany s publikovanou praci A. Hiermana, ktery v extraktu z Epilobium angustifo-
lium identifikoval kromé uvedenych latek také kyselinu ferulovou a gentisovou. Ex-

tativni srovnani chybi, protoze se autofi vénovali pouze kvalitativni analyze [50].

Kvalitativni srovnani s vysledky ziskanymi na Katedte analytické chemie, Far-
maceutické fakulty v Hradci Kralové, ktera se vénovala analyze vrbovkové naté po-

moci on-line kombinace ITP-CZE [65], je uvedené v Tab. 3.

Tab. 3 Porovnani vysledk ziskanych metodou LVSS a ITP-CZE [65]

Obsah (mg-g™ susené upraskované drogy)
Analyt

CZE (LVSS) ITP-CZE

Kyselina skoficova 0,13 0,06

Kyselina chlorogenova | 0,34 -

Kyselina kavova 0,27 0,65

(jako kavova+gentisova)

Kyselina vanilova 0,29 -
Kyselina kumarova - 0,28
Kyselina ferulova - 0,13

Metoda CZE s vyuzitim LVSS s pfepinanim polarity je dostate¢né citliva pro
analyzu zkoumanych latek. Ve srovnani s publikovanou ITP-CZE metodou je opako-
vatelnost vysledki srovnatelna. Vyhodou CZE je kratka doba separace (do 20 minut,

oproti pfiblizné 35 minutam v pfipadé ITP-CZE) a jednodussi obsluha pfistroje. Na
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rozdil od HPLC, nejsou pti CZE soucasti BGE organicka rozpoustédla [63,66], coZ je

z ekonomického i ekologického hlediska vyhodné.

4.1.3. Stanoveni fenolickych latek v methanolickém extraktu
drogy Melissae herba on-line kombinaci kapilarni izotacho-
forézy s kapilarni zénovou elektroforézou

Cilem této prace bylo vypracovani metody pro kvalitativni a kvantitativni ana-
lyzu fenolickych latek obsazenych v droze Melissae herba s vyuzitim on-line kombi-

nace kapildrni izotachoforézy a kapildrni zénové elektroforézy.

4.1.3.1. Melissae herba a analyzované latky

Drogu poskytuji horni ¢asti naté medunky lékatské (Melissa officinalis, Lamia-
ceae). Nejvyznamnéjsi slozkou drogy je jeji silice, kterd je charakteristickda obsahem
monoterpenickych aldehydt (citral, geranial, neral a dalsi). Mezi dalsi izolované
latky patfi flavonoidy kvercitrin, rhamnocitrin a 7-glucokidy apigeninu, kvercetinu
a luteolinu, tfisloviny, fenolické kyseliny (zejména kyselina rozmarinova, kavova

a chlorogenova), triterpeny a aromatické alkoholy [67,68].

Droga ma antibakterialni a antifungdalni u¢inky. Byly prokazany také acinky
spasmolytické a sedativni. Pouziva se k symptomatické 1é¢bé gastrointestindlnich
poruch a k symptomatické 1é¢bé neurotonickych poruch (napf. slabsi formy nespa-

vosti) [68].

Kyselina chlorogenovd, p-kumarova, ferulova a kavova byly zminéné jiz
v kapitole 4.1.1.1. Do jisté miry charakteristickou kyselinou pro Melissae herba je ky-
selina rozmarinova (pK, = 2,79 [51]), ktera se fadi také mezi derivaty kyseliny skofi-

cové. V praci byl ddle stanovovan i flavonoid kvercitrin (pK, = 6,83 [51])
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Obrazek 24 Chemické struktury kyseliny rozmarinové a kvercitrinu

4.1.3.2. Optimalizace podminek

Vzhledem k pK, hodnotam fenolickych kyselin (3-4) a kvercitrinu (~6,8) by by-
lo potfeba pracovat v systému s vysokym pH. Se zvySovanim pH by vsak dochazelo
k vyssi absorbci vzdusného CO,, prodluzovani zony uhli¢itant v ITP fazi a tim i celé
analyzy a ke zhorseni opakovatelnosti celé procedury. Vzhledem k pfitomnosti dvou
vicindlnich fenolickych hydroxylovych skupin u nékterych analytt bylo vyhodné
vyuzit komplexac¢nich schopnosti kyseliny borité, diky kterym se on-column vytvofi-
ly zaporné nabité komplexy [69], které bylo mozné separovat pti niz$ich hodnotach

pH.

Na zakladé predchozich praci na katedfe [52-54] bylo zvoleno BGE-S-BGE
uspofadani elektrolytovych systémi. Pro zjisténi vhodného proudového a ¢asového
rezimu byly pouzity kyselina pikrova a 1-nitroso-2-naftolu jako vizualniho markeru
pohybu zakoncentrovanych zoén analyta (kyselina pikrova migruje pted a 1-nitroso-

2-naftol za sledovanymi analyty).

Pii vyvoji metody bylo nutné optimalizovat sloZeni v8ech tfi elektrolytt (TE,
LE a BGE). V8echny elektrolyty i vzorek obsahovaly 20 % (v/v) methanolu. Jako TE
byl pouzit roztok 0,05 M kyseliny borité o pH* 8,3. LE obsahoval 0,01M CI  jako ve-
douci ion, jako protion byl pouzit TRIS. Jako anion v BGE byl pouzit derivat sulfo-
nové kyseliny MOPSO (v koncentraci 25 mM) z déivodu efektivni pohyblivosti blizké
pohyblivostem analyzovanych latek. Zakladni elektrolyt dale obsahoval kyselinu

boritou jako kompletujici agens.
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V praci byl sledovan vliv pH* BGE v rozmezi 7,8-8,5. Jako kritérium vhodnosti
pH* byl zvolen pocet a tvar pika a jejich rozliseni. V této fazi nebyly jednotlivé ana-

lyty identifikovany. Jako optimalni bylo zvoleno pH* 8,1.

Z dtivodu ovlivnéni separace komplexaci nékterych analytti s kyselinou boritou
byl otestovan vliv ptidavku této kyseliny do zdkladniho elektrolytu. Testované kon-
centrac¢ni rozmezi bylo 20-50 mM. Hodnoceni probihalo podle stejnych kritérii jako
u testovani vlivu pH* a relativné nejlepsi separace byla pozorovana pfi koncentraci

40 mM.

Testovan byl také piidavek a- a S-cyklodextrinu v koncentracich 5-15 mM, ale

nebylo pozorovano vyraznéjsi zlepseni.

Slozeni optimalniho BGE bylo nasledujici: 25 mM MOPSO, 50 mM TRIS, o,2 %
HEC, 40 mM kyseliny borité, pH* 8,1 (upravovano pomoci nasyceného roztoku hyd-

roxidu barnatého).

4.1.3.3. Validace metody

Kalibra¢ni zavislosti analyzovanych latek byly proméfeny v rozmezi
0,5-5 pug-ml™. Jako vnitini standard (IS) byl pouzit apigenin v koncentraci 2,5 pg-ml™.
Jako kvantitativni parametr byly odecitany plochy pikt ze zaznam@ UV detektoru,
které byly vyhodnocovany automaticky pomoci softwaru ITPPro32, kalibra¢ni para-
metry byly vypoc¢itany v programu Microsoft Excel pomoci funkce linregrese().

V testovaném rozmezi byla odezva detektoru na koncentrace linedrni, coz dokazuji
hodnoty korela¢nich koeficientt (0,9842-0,9988).

LOD byl ur¢en metodou poméru signalu k sumu 3S/N (podle metodickych po-
kynit organizace ICH [55]). Nejnizs$i hodnotu LOD vykazovala kyselina kavova
(0,018 pg-ml™), nasledovala kyselina ferulova (0,020 pg-ml™), rozmarinova
(0,027 pg-ml™) a p-kumarova (0,030 pg-ml™). Nejvyssi hodnota LOD byla zjisténa

u kvercitrinu (0,035 pg-ml™) a kyseliny chlorogenové (0,032 pg-ml™).

Opakovatelnost metody byla ovéfena na zdkladé méfeni roztoku standardit
o koncentraci 5 pg-ml™ (n=6). Opakovatelnost migra¢nich ¢ast (RSD <1 %) i opako-

vatelnost ploch piki (RSD < 2 %) byla velmi dobra.
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4.1.3.4. Aplikace metody na analyzu rostlinného materialu

Validovana metoda byla aplikovana na identifikaci a kvantifikaci vyse uvede-
nych fenolickych kyselin a flavonoidu v methanolickém extraktu z listu medunky.
Kromé latek ze standardni smési byla v extraktu prokazana pfitomnost kyseliny pro-
tokatechové, kterou zmiriuji i publikované prace jinych autort [70,71]. Pfitomnost
luteolin-7-O-glukosidu, popsana Carnatem [72], nebyla v nasi praci potvrzena, stej-
né jako kyselina p-hydroxybenzoova a gentisova, které byly identifikovany v praci

Zgorky a Glowniaka [73].

Kvantitativni analyza analyta byla provedena pifimym srovnanim ploch piki
standardt a analyzovanych latek korigovanych plochou vnitiniho standardu. Srov-
nani vysledk s jinymi pracemi (vesmés chromatografickymi) bylo mozné pouze pro

kyselinu rozmarinovou a kavovou a je uvedeno v Tab. 4.

Tab. 4 Srovnani vysledkd kvantitativni analyzy medurniky 1ékatské s jinymi pracemi

Obsah kyseliny rozmarinové | Obsah kyseliny kavové
Metoda
(mg-g™ drogy) (mg-g” drogy)

ITP-CZE 43,54 1,65
HPLC [68] 40,5 )

HPLC [74] 17,03 1,99
HPLC [70] 27,4 0,30
MSPD-LC [73] 16,8 0,09




4.2.Vyuziti elektroforetickych technik ve farmaceutické

analyze

4.2.1. Stanoveni polyolti v infuznich roztocich metodou kapilarni
zonové elektroforézy

Cilem této prace bylo vypracovat metodu pro separaci a kvalitativni a kvantita-
tivni analyzu mannitolu a sorbitolu s vyuzitim CZE a jeji aplikace na komerc¢né vy-

rabéné 1écivé pripravky.

4.2.1.1. Analyzované latky

Mannitol a sorbitol jsou hydrofilni cukry, které obsahuji Sest hydroxylovych

skupin. Obsahuji ¢tyfi chirdlni centra.

Tyto polyoly jsou obecné uzivané pro terapii oligurické faze akutniho renalni-
ho selhani. P¥i podani ve formé hypertonického infuzniho roztoku snizuji zadrzova-

ni sodnych iontt a vody, coz vede ke zvySené produkci modi a diuretickému efektu.

Oba cukry se také pouzivaji v dietnich potravindch jako nahradni sladidla [75].

D-mannitol D-sorbitol
(H,OH CH,OH
HO—C—H H—C—OH

Ho—cl:—H HO—é—H
H—(li—OH H—lc—OH
H—|C—OH H—é—OH
éHZOH (|ZH20H

Obrazek 25 Chemické vzorce mannitolu a sorbitolu

4.2.1.2. Optimalizace metody

Z dtivodu hodnot pK, mannitolu a sorbitolu by bylo zapottebi pracovat pii vys-
$im pH pracovniho elektrolytu. Aby se piedeslo negativnim jevim, které doprovaze-
ji separace v silné alkalickém prostiedi, byla vyuzita komplexa¢ni schopnost tetra-
boritanu sodného. Elektroforeticka pohyblivost komplexit B (III) a ptislusnych poly-
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ol umoznuje selektivni separaci a stanoveni polyola pfi niz§im pH zakladniho elek-

trolytu.

Protoze oba cukry v UV oblasti prakticky neabsorbuji, bylo pro stanoveni zvo-
leno pouziti neptimé UV detekce, kdy jsou latky detekovany jako negativni piky.
Jako vhodné absorbujici agens byly vyzkouseny kyselina benzoova, sorbova,
p-methoxybenzoova, fenyloctova, 1-amino-2-naftol-4-sulfonova, 1-hydroxy-2-
naftoovd, o-chlorbenzoova a m-nitrobenzoova. Na zdkladé migrac¢nich ¢ast, ploch
a symetrie pikd byla jako optimalni souc¢ast BGE zvolena 10 mM kyselina

m-nitrobenzoova.

Dals$im optimalizovanym parametrem bylo pH roztoku zakladniho elektrolytu.
Bylo testovano pH v rozmezi 8,5-9,7. Vzhledem k délce analyzy a citlivosti bylo zvo-
leno jako optimalni pH 9,3. Pfi testovani pridavku methanolu do BGE bylo pozoro-

vano snizeni citlivosti a prodlouzeni celkové doby analyzy.

Jako vnitini standard bylo testovdano nékolik sloucenin, z kterych se jevil jako

optimalni xylitol.

Jako BGE byl zvolen 5omM tetraboritan sodny s pfidavkem 10 mM kyseliny

m-nitrobenzoové o pH 9,3 (upraveno triethylaminem).

4.2.1.3. Validace metody

Kalibra¢ni zavislosti plochy piku na koncentraci pro jednotlivé analyty byly
proméfeny v rozmezi 0,2 - 2,0 mg-ml” pro mannitol i sorbitol s pfidavkem vnitiniho
standardu xylitolu o koncentraci 1 mg-ml™. Byly dosazené hodnoty korela¢nich koe-

ficient 0,9998 pro mannitol a 0,9996 pro sorbitol.

LOD - ur¢ené metodou poméru smérodatné odchylky signalu a smérnice ka-
libra¢ni kiivky (podle metodickych pokynti organizace ICH [55]) - byly 0,031 mg-ml™

pro mannitol a 0,028 mg-ml™ pro sorbitol.

Opakovatelnost migrac¢nich ¢asti byla velmi dobra - 0,21 % u mannitolu
a 0,18 % u sorbitolu. Stejné uspokojiva byla i opakovatelnost ploch pika - 1,15 % u

mannitolu a 0,74 % u sorbitolu.

Dalsi valida¢ni parametry jsou uvedeny v kapitole 5.5.



4.2.1.4. Analyza HVLP a ovéfeni spravnosti metody

Vypracovana metoda byla pouZita pro analyzu HVLP registrovanych v CR - In-
fusio mannitoli a Infusio sorbitoli. Stanoveni bylo provedeno pfimym srovndanim
infuzniho roztoku a roztoku standardu. Ziskané vysledky byly pomoci Studentova
t-testu porovndny s vysledky ziskanymi jodometrickou titraci podle CL2005 [76].
Nebyl nalezen statisticky vyznamny rozdil mezi obéma metodami na 95% hladiné

spolehlivosti.

Pro vypocet vytéznosti byly pouzity vysledky méteni roztoku standardi, vzor-
ku infuzniho roztoku a vzorku infuzniho roztoku s pridavkem standarda. Vypocita-

né hodnoty recovery se pohybovaly v rozmezi 99,14 - 100,32 %.

Pro analyzu infuznich roztokt obsahujicich polyoly byla popsana kapildrni izo-
tachoforéza s konduktometrickou detekci [77]. V této praci byly analyzovany infuzni
roztoky obsahujici sorbitol a xylitol. Soucasti TE byla kyselina boritd, béhem analyzy
byl tedy také uplatnén vznik zaporné nabitych komplexd, které mohly byt separo-
vany. Kalibra¢ni zavislosti byly méfeny v rozmezi 25 - 250 mg-1” pro sorbitol
a v rozmezi 50 - 500 mg-1" pro xylitol, korela¢ni koeficient byl 0,9988 pro sorbitol
a 0,9984 pro xylitol. RSD byla 1,26 % pro sorbitol a 1,44 % pro xylitol. Analyza trvala
20 minut. Ve srovnani s ITP metodou je ndmi vyvinuta CZE metoda o néco méné
citlivéjsi, ale vzhledem k redlné stanovovanym koncentracim v HVLP neni nizsi cit-

livost na zavadu. Metoda CZE pro analyzu polyola je rychlejsi (pfiblizné o osm mi-

nut) a snaze uplatnitelna v rutinnim laboratornim provozu.

Mannitol, sorbitol a xylitol byly soucasti smési, kterd byla separovana a de-
tekovana pomoci kapilarni elektroforézy s neptimou UV detekci pii vysokém pH
[78]. Absorp¢ni pozadi zajistovala 2,6-pyridindikarboxylova kyselina. Kalibra¢ni za-
vislost byla mezi 20-1000 mg-1" linearni s korela¢nim koeficientem vét$im nez
0,9996. RSD migrac¢nich c¢asti nepresdhla o,5 %, RSD ploch vsak byla vyssi nez 5%.
Detek¢ni limity pro uhlovodiky byly 23 - 35 mg-1". Migra¢ni ¢asy polyolt se pohybo-

valy okolo 37 minut. Oproti této metodé nebylo v nasem piipadé nutné pracovat ve
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vysokém pH (diky komplexaci polyolt s tetraboritanem) a analyza byla vyrazné

rychlejsi. Opakovatelnost ploch pikt byla v nasem piipadé nizsi.

4.2.2. Separace a stanoveni ketoprofenu, methylparabenu a pro-
pylparabenu v |éCivém pripravku micelarni elektrokinetic-
kou chromatografii

Cilem prace bylo vypracovat metodu pro kvalitativni a kvantitativni analyzu
ketoprofenu, methylparabenu a propylparabenu v komer¢né dostupném lécivém

piipravku Ketoprofen gel 2,5 % (Herbacos-bofarma, Pardubice, Ceskd republika).

4.2.2.1. Analyzované latky

Ketoprofen je nesteroidni antiflogistikum (NSAID) odvozené od kyseliny pro-
pionové. U¢inkuje protizanétlivé, analgeticky a antipyreticky. PouZivé se systémové
(napf. pti 1é¢bé artrézy perifernich klouht) i lokalné (symptomaticka lé¢ba bolesti
svalti a kloubti) [75,79].

Methylparaben a propylparaben jsou estery kyseliny p-hydroxybenzoové pou-
zivané jako konzervacni pfisady v potravinach, napojich, kosmetice a farmaceutic-
kych pfipravcich. Diky synergickému tc¢inku jsou vétsinou pouzivany soucasné

[80,81].
methylparaben
ketoprofen

0
H_ ,CH,

O COOH HO

propylparaben

CH
O/\/ 3

HO

Obrazek 26 Chemické struktury ketoprofenu, methylparabenu a propylparabenu



4.2.2.2. Optimalizace metody

pK, hodnoty methylparabenu (8,30 [51]) a propylparabenu (8,23 [51]) jsou po-
dobné, ale pK, ketoprofenu je odli$na (4,23 [51]). Jako vhodna metoda pro jejich sou-
¢asnou analyzu prakticky neutralnich parabenti a kyselého ketoprofenu byla vybra-

na MEKC.

Vybér vhodného BGE je velmi dilezity a proto bylo testovano nékolik rtiznych
elektrolytovych systémti. Jednalo se o boratovy, fosfatovy a fosfat-boratovy pufr,
TRIS upraveny raznymi derivaty sulfonovych kyselin (MOPSO, HEPES, MES, BES,
ACES a TAPS), tricinovy pufr aj.

Pouziti organickych pufra se ukazalo jako vyhodné s ohledem na délku analy-
zy. Uplna separace analyti viak byla dosaZena pouze u tricinového pufru a proto byl

zvolen pro dalsi optimalizaci.

Z moznych surfaktantt byly testovany dva nejcastéji pouzivané - dodecylsiran
sodny (SDS) a cholat sodny. Z diivodu selektivity (pfi pouziti cholatu byly methylpa-

raben a propylparaben htife rozdélené) byl zvolen SDS.

Vliv pH* byl testovan v rozmezi pH 7,7-8,9 a jako optimalni byla zvolena hod-
nota 8,3. Analyza byla pfi této hodnoté dostatecné rychla a také rozliseni bylo nej-

lepsi v testovaném rozmezi.

Optimalizovana byla také koncentrace SDS (v rozmezi 10-60 mM), zdkladniho
elektrolytu (v rozmezi 20-60 mM tricinu) a ptidavek organického modifikatoru
v rozmezi 0-30 % (v/v) methanolu. Pro zvyseni selektivity byl vyzkousen ptidavek a-

a B-cyklodextrinu.

Jako optimalni byl zvolen elektrolyt slozeny z somM tricinu, 3omM SDS, smM

B-cyklodextrinu, 15 % (v/v) methanolu o pH* 8,3 (upravené pomoci NaOH).

4.2.2.3. Validace metody

Kalibra¢ni zavislosti plochy piku na koncentraci pro jednotlivé analyty byly
proméfeny v rozmezi 2-40 pg-ml” pro methylparaben, 1-20 pg-ml™ pro propylpara-
ben a 100-2000 pg-ml™ pro ketoprofen. Pro zvySeni piesnosti byl k jednotlivym ka-

libra¢nim roztoktim ptidan IS (diklofenak sodny) o koncentraci 30 pg-ml™. Dosazené
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hodnoty korela¢nich koeficientt (0,9999 u methylparabenu, 0,9944 u propylpara-
benu a 0,9969 u ketoprofenu) dokazuji linearni zavislost odezvy detektoru na kon-

centraci analytd.

LOD, ur¢ené metodou poméru signalu k sumu 3S/N (podle metodickych po-
kynit organizace ICH [55]), byly 0,38 pg-ml™ u methylparabenu, 0,53 pg-ml™ u pro-
pylparabenu a 0,82 pg-ml™ u ketoprofenu. V porovnani s publikovanou HPLC meto-
dou [82] byla citlivost nami vyvinuté metody asi 50x niz$i (ale vzhledem k redlnym

koncentracim ve vzorku to nebylo na zdvadu).

Opakovatelnost vypocditana ze Sesti méfeni byla velmi dobra, u migrac¢nich ca-
stt nepfesadhla 1 %, stejné jako u ploch analytt korigovanych plochou vnitiniho stan-

dardu (s vyjimkou propylparabenu, ktery mél RSD = 2,15 %).

Dalsi valida¢ni parametry jsou uvedeny v kapitole 5.6.

4.2.2.4.Analyza HVLP a ovéfeni spravnosti metody

Metoda byla aplikovana na analyzu komer¢né dostupného ptfipravku Ketopro-
fen gel 2,5 % metodou vnitiniho standardu. Na elektroforeogramu piipravku byly
patrné tfi dalsi piky, které byly identifikovany jako slozky levandulové silice obsaze-
né v gelu, které neinterferovaly s analyty. Vysledky stanoveni byly v dobré shodé

s deklarovanym obsahem. VytéZnost se pohybovala v rozmezi 96,56-103,86 %.

Spravnost metody byla ovéfena s vyuzitim srovnavaci HPLC metody vyvinuté
v kontrolni laboratofi Katedry analytické chemie [83]. Byl pouzit Studentav ¢-test,
ktery na 95 % hladiné spolehlivosti neprokazal statisticky vyznamny rozdil mezi

obémi metodami.
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Abstract

The combination of capillary isotachophoresis (ITP) and capillary zone electrophoresis (CZE) in
the column-coupling configuration has been opfimized in a mode in which the background
electrolyte employed in the CZE step was different from the leading and terminating electrolytes
of the ITP step. The optimum composition of the electrolyte system was 0.01 m HCl, 0.02 m IMI,
0.2% HEC, pH 7.2 {leading elecirolyte}, 0.01 m HEPES, pH 8.2 {ferminaiing elecirolyte}, and
25 mm MES, 50 mm TRIS, 30 mm boric acid, 0.2% HEC, pH 8.3 (background electrolyte). Al
solutions contained 20% methanol. The timing of the transfer of isotachophoretically stacked
analyte zones into the CZE column was also optimized. An [TP-CZE method with UV detecfion
at 270 nm was developed for separation of nine phenolic acids (protocatechuic, syringic,
vanillic, cinnamic, ferulic, caffeic, p-coumaric, chlorogenic, and gentisic acids) in a model
mixture and used for assay of some of these acids in a methanolic extract of herba epilobi.
Application of ITP-CZE resulted in 100-fold better sensitivity than conventional CZE; limits of
detection ranged between 10 and 60 ng mL™". When MES-TRIS-borate-based buffer, pH 8.3,
was used in the CZE separation step the linearity of the ITP-CZE response was satisfactory
(correlation coefficients were from 0.9937 to 0.9777). Repeatability was also satisfactory (RSD
values ranged between 0.77% and 1.28% for migration times and between 1.65% and 13.69%
for peak area).

Keywords

Capillary isotachophoresis
Zone electrophoresis
Phenolic acids

Plant extract

Epilobium

Introduction drug also contains sterols, flavonoids,
and aromatic acids [1-3].

Few papers dealing with analysis of
the active components of herba epilobi
have been published. Aromatic acids in

herba  epilobi (ferulic, gallic,

The tannin-containing drug herba epilobi
is obtained from the plant tops of Epilo-
bium parviflorum, . montanum, L. rose-

um, and E. collinum (Oenotheraceae). The proto-
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catechuic, cinnamic, calleic, gentisic,
and chlorogenic acids) have been ana-
lyzed by capillary zone electrophoresis
(CZE) [2]. Several methods, for example
TLC and two-dimensional paper chro-
matography, have been used for analy-
sis of flavonoids, sterols, and tannins in
extracts of herba epilobi [1]. Selected
flavonoids (quercetin, myricetin, etc.)
have also been determined by HPLC
with diode-array detection (DAD) [3].
Electromigration techniques, including
CZE [4, 5] and isotachophoresis (ITP)
combined with CZE [6], have been
proposed for quantification of phenolic
compounds in plant matrices (e.g.
Sambucus flower, Crataegus leaves) and
in landfill leachate. To the best of our
knowledge ITP-CZE has not yet been
used for assay of aromatic acids in
herba epilobi.

CZE has attractive advantages, e.g.
short analysis times, versatility, and very
small amounts of solvent waste. It does,
however, have disadvantages, for exam-
ple unfavorable detection limits and the
need to inject small sample volumes
(nL) [7]. On-line combination of CZE
with ITP can improve separation effi-
ciency and reduce limits of detection,
because the concentrating effect of ITP
enables injection of large volumes (tens
of microliters) of dilute samples. Inter-
fering or irrelevant sample components
can be removed as they leave the outlet
of the ITP capillary or they can be pre-
vented from entering the CZE capillary
by flushing the preseparation capillary
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with background electrolyte (BGE) [6,
8-10]. Tt is important to choose suitable
electrolyte system and find the optimum
time to switch the current from the
preseparation capillary to the separation
capillary [9].

The objective of this study was to de-
velop an electrolyte system for ITP-CZE
in the BGE-S-BGE arrangement (‘S’ de-
notes sample) that would be suitable for
assay of aromatic acids in herba epilobi.
The term ‘BGE-S-BGE’ means that the
BGE used in the CZE step differs from the
terminal and leading electrolytes (TE and
LE, respectively) of the ITP stage [10].
This complicated arrangement has been
successfully applied to the analysis of
compounds of interest in plant material.
The basic characteristics of the ITP-CZE
method, namely repeatability, accuracy,
linearity, and limit of detection, were
evaluated.

Instrumentation

ITP CZE was performed with the EA
100 Villa Labeco CS Isotachophoretic
Analyzer (Spisska Nova Ves, Slovakia)
equipped with a column-switching
system. Preseparation and analytical
capillaries were made from fluorinated
ethylene propylene (FEP) copolymer.
The preseparation capillary (9.0 cm
long, 0.8 mm i.d.) was equipped with a
conductivity detector positioned 38 mm
from the bifurcation point. The analyti-
cal capillary (16.0 cm long, 0.3 mm i.d.)
was operated with a conductivity detec-
tor and with an external LCD 2083
spectrophotometric  detector (ECOM,
Prague, Czech Republic) operated at
270 nm. Samples were injected by use of
a sampling valve (30 pL). The electrolyte
chambers containing the LE and BGE
were separated from the electrolytes in
the capillaries by semi-permeable cello-
phane membranes. The PC software ITP
Win Pro32 (KasComp, Slovakia) was
used for control of the ITP and CZE
runs and for collecting and processing
experimental data. pH was measured
with a PHM-220 pH-meter (Radiometer,
France). UV spectra were acquired with
an HP 8453 Hewlett—Packard spectro-
photometer (HP, USA). A Sonorex RK
31 ultrasonic bath (Bandelin Electronic,
Germany) was used for degassing and
sonication.

38

Chemicals

All chemicals used for preparation of
model mixtures and electrolyte solu-
tions were of analytical-reagent grade.
a-Cyclodextrin,  f-cyclodextrin, 2-hy-
droxyethylcellulose (HEC), 2-hydroxyi-
sobutyric acid (HIBA), ferulic, gentisic,
chlorogenic, caffeic, p-coumaric, proto-
catechuic, cinnamic, syringic, and van-
illic acids, 3-(N-morpholino)-2-
hydroxypropanesulfonic acid (MOPSO),
TRIS, and methanol were obtained
from Sigma-Aldrich (Milwaukee, WI,
USA). HEPES, imidazole (IMI), and
MES were purchased from Fluka (Buc-
hs, Switzerland). Boric acid and p-ni-
trophenol were obtained from Lachema
(Brno, Czech Republic). Ultrapure wa-
ter, used throughout, was prepared with
a Milli-Q system (Millipore, Bedford,
MA, USA). The sample of herba epilobi
was obtained from Natura (Czech
republic).

Standard and Electrolyte
Solutions

A stock solution containing syringic,
vanillic, protocatechuic, chlorogenic,
ferulic, caffeic, p-coumaric, cinnamic,
and gentisic acids (0.024 mg mL™' of
each) was prepared in methanol. A 2.00-
mL aliquot of this stock soiution was
transferred into a 25-mL volumetric
flask, mixed with 3.00 mL methanol,
and diluted to 25 mL with water, so the
final model mixture contained 20% (v/v)
methanol. All solutions were filtered
through a no. 4 sintered glass filter and
degassed for 15 min in an ultrasonic
bath before ITP and CZE analysis. HEC
was added to the leading and back-
ground electrolyte solutions. The LE,
TE, and BGEs contained 20% (v/v)
methanol.

Preparation of Plant Extract

Dried pulverized herba epilobi (1.5 g)
was weighed into a 50-mL volumetric
flask, 50.00 mL methanol was added,
and the mixture was sonicated for
30 min. The resulting suspension was
filtered through dry paper filter and the
supernatant was diluted with water to
contain 20% (v/v) methanol before ITP—
CZE analysis.
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Results and Discussion
Method Optimization

In this work, on-column ITP sample
pretreatment was used before CZE sepa-
ration of selected phenolic acids extracted
from the plant material. Because the pK,
values of the acids were between 4 and
5 [6] and because of the presence of ortho
dihydroxyphenyl groups in three of the
analytes (cafleic, chlorogenic, and proto-
catechuic acids), and hence their ability to
form complexes with borate [11], alkaline
borate-based electrolyte systems were
used.

Selection of the ITP Electrolyte
System

Solutions of boric acid of pH 8.2 and
CI7/TRIS of pH 8.1 were initially used as
the TE and LE, respectively. Use of boric
acid as terminating electrolyte has draw-
backs, for example generation of high
voltage in the separation capillary. Neg-
ative effects of Joule heating are enhanced
dispersion, formation of bubbles, and,
eventually, collapse of the analysis. The
composition of the ITP electrolyte system
was therefore studied in detail in this
work. Three different terminators with
greater electrophoretic mobility than bo-

rata wara tactad  MEQ (0 24 Q\ A_+s
rate were esiea—ivied (i, — 20.0), 4-1ii-

trophenol  (u, =23.95), and HEPES
(1o = 13.3). Unfortunately MES and
4-nitrophenol migrated too fast in the
ITP system and the 4-nitrophenol (which
absorbs strongly in the UV region) also
negatively affected separation of the
analytes in the CZE phase. Because of its
effective mobility, HEPES was found to
be optimum terminator and a suitable
alternative to boric acid. The composi-
tion of the LE was also optimized with
regard to type of counter ion—TRIS
(pK, 8.1) was replaced by IMI (pK, 7.1).
In this operational electrolyte system with
an LE of pH 7.1 only the aromatic acids
were transferred into the CZE capillary
and uncharged sample matrix compo-
nents could not interfere with the sepa-
ration.

Selection of the BGE for CZE
To avoid peak-shape distortion as a re-

sult of high electromigration dispersion,
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Fig. 1. Effect of pH

the effective mobility of a co-ion in the
running buffer should be close to the
effective mobility of the solutes. Several
initial experiments and literature data [6,
12] suggested the LE or TE from the ITP

S S RN PN
14 110t 0¢

phas as the BGE for
CZE separation. The separation can be
optimized by selection of a suitable co-
ion in the electrophoretic buffer. We
therefore examined three sulfonic acids
(MOPSO, MES, and HEPES) and 2-hy-
droxyisobutyric acid (HIBA) as co-an-
ions in the new electrophoretic buffer of
pH 8.1. Some analytes migrate together
and cannot be effectively resolved by
CZE if the operating buffer with HEPES
is used. Resolution of the analytes is the
same or only slightly better when using
HIBA or MOPSO. The best separations
with fairly sharp peaks were achieved in
the system with MES as the BGE co-ion.

Original

Time (min)

Effect of pH

The effect of running buffer pH (7.71,
7.89, 8.10, 8.31, or 8.50) on the quality of
separation of the compounds was inves-

ad A+ SIT 71 o d 7 QO il ol
€d. Al pr1 /./1 ana /.60y ine€ SIOwWIy

tig,
migrating analytes remained unresolved
whereas from pH 8.10 resolution began
to improve. The best resolution was
achieved at pH 8.31 and 8.50 (Fig. 1). At
this stage only separation quality was
monitored, so the peaks were not identi-
fied.

Effect of Boric Acid

Addition of boric acid to BGEs may
affect the separation of compounds con-
taining vicinal hydroxy groups on the
aromatic ring, because of the formation
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of borate complexes. Thus caffeic, prot-
ocatechuic, and chlorogenic acids can
form charged (uninegative) borate com-
plexes. The effect of seven different con-
centrations of boric acid (0, 10, 15, 20, 30,
40, and 50 mM) on peak 5
examined. In the absence of boric acid
protocatechuic and caffeic acids migrated
together with the slowly-migrating acids.
Addition of 10 mm borate to the BGE
affected the migration of these two
acids—they migrated with shorter
migration times, most probably because
of the formation of negatively charged
complex species. Interestingly, in the
presence of borate the order of migration
of the high-molecular-weight chlorogenic
acid did not change, and this acid mi-
grated as the last of all the analytes.
Similar results were obtained with 15 and
20 mm boric acid, and the optimum

il
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Table 1. Time and current regime of the analysis

Mode Step
1TP 1 Start + 100 s Preseparation
from the step of CO}
2 70 s
Current switching
Transmigration 3 210 s From preseparation
to analytical
Replacement of electrolytes
CZE 4 50 pA 90 s Analytical
S 200 pA To the end
of the analysis

Table 2. Overall ITP-CZE migration times of
the analytes

Analyte tr (min)
Protocatechuic acid 25.3
Caffeic + gentisic acids 25.8
Cinnamic acid 26.7
Vanillic acid 272
Coumaric acid 27.6
Syringic acid 279
Ferulic acid 28.2
Chlorogenic acid 28.6

concentration was found to be 30 mm.
The quality of the separation was im-
paired by further increasing the borate
concentration to 40 and 50 mm. Higher
concentrations of boric acid also resulted
in prolongation of migration times.

Effect of Cyclodextrins

Because the type and concentration of
selectors are important conditions in
CZE separations, the effect of «- and
f-cyclodextrin at 5, 10, and 15 mm was
studied. Addition of a-cyclodextrin
resulted in better quality separation than
f-cyclodextrin. The best resolution of all
the analytes was achieved by use of
10 mM a-cyclodextrin.

Time and Current Mode

The period during which analytes trans-
migrate from the preseparation capillary
into the analytical capillary and the elec-
trolyte system is changed to CZE mode is
a critical moment during the analysis [7].
Optimum time and current mode was
established after numerous ITP-CZE
analyses. The optimum time and current
regime is presented in Table 1. The sep-
aration unit for on-line combination of
capillary isotachophoresis in the column-
coupling arrangement has been described
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in more detail elsewhere [12] and princi-
ples of ITP-CZE and instrumental
arrangements are also explained else-
where [13].

Qualitative Analysis

Results from qualitative analysis are
summarized in Table 2. The optimum
BGE for the CZE separation was of
pH 8.3 and contained 25 mm MES,
50 mm TRIS, 0.2% HEC, 30 mMm H3BO3,
and 10 mm o-cyclodextrin. Protocate-
chuic acid was the fastest migrating ana-
Iyte followed by caffeic and gentisic acids,
which were, unfortunately, unresolved
(i.e. comigrated). Complex-formation
with boric acid is the probable reason for
the rapid migration of caffeic and prot-
ocatechuic acids. Chlorogenic acid
seemed to be the slowest analyte, with
problematic repeatability of both migra-
tion time and peak area.

The electropherogram obtained from
the model mixture is presented in Fig. 2.

Calibration Data

Calibration data were evaluated for all

the analytes under investigation, using
the optimum BGE described above. The
concentration ranges of the calibration
solutions were 0.192 to 1.92 ug mL™" for
protocatechuic, vanillic, coumaric, syrin-
gic, and ferulic acids, 0.384 to
3.84 pg mL™" for caffeic, chlorogenic,
and gentisic acids, and 0.096 to
0.96 pg mL™" for cinnamic acid.

As is conventional, peak area was ta-
ken as the response variable for quanti-
fication. Regression analysis of the
calibration data was performed by use of
Microsoft Excel. The results obtained are
summarized in Table 3. Good linear
relationships were obtained between peak
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area and analyte concentration; correla-
tion coefficients were between 0.9977 and
0.9937. The method was least sensitive
for chlorogenic acid.

Limits of Detection
and Quantification

Limits of detection (LOD) were evalu-
ated, on the basis of signal-to-noise ratio
(S/N), by comparing signals from sam-
ples containing known low concentra-
tions ol analytes with those [rom blank
samples, and establishing the minimum
concentrations at which the analytes
could be reliably detected. A signal-to-
noise ratio between 3:1 and 2:1 is usually
regarded as acceptable for estimating
detection limit. [14]; S/N = 3 was chosen
in this work. S/N = 10 was chosen [or
limit of quantification (LOQ).

LOD values (ug mL™') increased in
the order 0.005 for cinnamic acid, 0.010
for coumaric acid, 0.021 for ferulic acid,
0.026 for syringic acid, 0.034 for caffeic
acid, 0.041 for protocatechuic acid, 0.044
for vanillic acid, and 0.061 for chloro-
genic acid. LOQ values (ug mL™") in-
creased in the order 0.017 for cinnamic
acid, 0.033 flor coumaric acid, 0.069 for
ferulic acid, 0.086 for syringic acid, 0.112
for caffeic acid, 0.135 for protocatechuic
acid, 0.145 for vanillic acid, and 0.201 for

chloroeenic acid
CiLorogenic aca.

Repeatability

The repeatability of migration times and
the peak areas was evaluated from results
from six replicate measurements. The
relative standard deviations (RSD) ob-
tained are listed in Table 4. Repeatability
of migration times was fairly good; RSD
vaiues did not usuaily exceed 1% except
for chlorogenic acid. Peak area repeat-
ability was also relatively satisfac-
tory—RSD were <5% for most of the
analytes. The worst repeatability was
obtained for chlorogenic acid.

Analysis of Plant Material

The volume of methanolic plant extract
injected in ITP-CZE analysis was 30 pL.
The ballast compounds present in the
extract were diverted to the auxiliary
electrode during the ITP preseparation
step whereas the analytes of interest were
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stacked and then transferred to the ana-
lytical capillary. Identification of each
compound in the extract was achieved by
addition of a small amount of standard,
which resulted in an increase of the height
of the appropriate peak. The results were
in good agreement with those of other
authors [2]. An electropherogram ob-
tained from a plant extract is presented in
Fig. 3.

Determination of the
Constituents of Herba Epilobi
Extract

Quantification of some of the compounds
was accomplished by the external stan-
dard method. Peak areas for standards in
the model mixture and for peaks
appearing in the electropherogram of the
herba epilobi extract were compared.
Unfortunately these quantitative results
could not be compared with those re-
ported by other authors, because most
performed qualitative analysis only. It is
necessary to note that caffeic and gentisic
acids were not separated by the proposed
ITP-CZE method and so the amounts of
these analytes were calculated as caffeic
acid. This presumably explains why caf-
feic acid was discovered in this work to be
the major phenolic acid present in the
extract whereas cinnamic acid was the

abundant

Reacults
asunaant

NREsUILs

loaat

comnonent
1ast

component.
obtained from quantification of plant-
extract components are summarized in
Table 5.

The Comparison of ITP-CZE
with CZE

Several papers have been published on
the CZE determination of phenolic acids
in plant materiais and in food {15-18].
Exact comparison of the analytical merits
of such methods with those of our pro-
posed ITP CZE method is rather diffi-
cult, because some of the aromatic acids
analyzed were different. It is, neverthe-
less, possible to compare the ITP-CZE
and CE methods with regard to com-
plexity of sample pretreatment, sensitiv-
ity, and analysis time.

CZE assay of cinnamic, sinapic,
chlorogenic, syringic, ferulic, benzoic, p-
coumaric, vanillic, p-hydroxybenzoic,
rosmarinic, caffeic, gallic, and proto-
catechuic acids in Bromus inermis [15]
involved Soxhlet extraction then SPE
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Fig. 2. Electropherogram obtained from a standard mixture: 1 = protocatechuic acid, 2 = catfeic
+ gentisic acids, 3 = cinnamic acid, 4 = vanillic acid, 5 = coumaric acid, 6 = syringic acid,
7 = ferulic acid, 8 = chlorogenic acid. The BGE consisted of 25 mm MES, 50 mm TRIS, 30 mm
H3BO;, 10 mMm a-cyclodextrin, 0.2% HEC, and 20% (v/v) methanol, pH 8.3

Table 3. Calibration data for the analytes

Analyte Calibration plot y =kx+¢ s Sq r Sresidual
Protocatechuic acid y = 2512.73x - 13.70 97.07 116.63  0.9977 138.67
Caffeic + gentisic acids p = 2318.73x + 120.84 100.49 23970 09972  285.01
Cinnamic acid y = 1423527x + 1026.60  633.94 383.01 0.9970 455.41
Vanillic acid y = 1796.67x + 89.14 81.13 98.52 0.9970  117.15
Coumaric acid y = 7729.79x + 439.71 430.36  512.39  0.9954  609.22
Syringic acid y = 3507.81x + 129.01 174.87 205.12  0.9963  243.89
Ferulic acid y = 5074.25x — 84.61 271.56 32599  0.9957  387.60
Chlorogenic acid y = 1081.42x + 213.27 70.53 167.20  0.9937  198.00

y is peak area, x the concentration in pg mL™, s the standard deviation, and r the correlation
cocflicient

Table 4. Repeatability of migration times and peak areas

Analyte RSD (%, n = 6) Concentration (ug mL™")
Time Area
Protocatechuic acid 0.78 3.59 0.96
Caffeic + gentisic acids 0.77 4.16 1.92
Cinnamic acid 0.82 2.14 0.48
Vanillic acid 0.85 1.65 0.96
Coumaric acid 091 4.42 0.96
Syringic acid 0.96 2.40 0.96
Ferulic acid 1.01 5.13 0.96
Chlorogenic acid 1.28 13.69 1.92

RSD is the relative standard deviation

purification of the extract before analy-
sis. Sonication with methanol for 10 min
has been used for analysis of proto-

(cereals, wine, beer) [16, 17]; the extract
had to be centrifuged, the liquid phase
was filtered through a 0.45 pm mem-

catechuic, salicylic, p-hydroxybenzoic, brane filter, the filtrate was evaporated
vanillic, syringic, p-coumaric, ferulic, to dryness by rotary evaporation, and
and sinapic acids in food and drink the dry residue was redissolved in
Chromatographia 2006, 64, July (No. 1/2) 41
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Fig. 3. Electropherogram obtained from a plant extract: 1 = protocatechuic acid, 2 = caffeic +
gentisic acids, 3 = cinnamic acid, x =not identified, 4 =coumaric acid, 5= ferulic acid.

Conditions were as for Fig. 2

Table 5. Dctermination of phenolic acids in
Herba Epilobi

Compound Acid Content
(mg g™! pulverized
drug) £ RSD
[%]. n=13)
Protocatechuic acid ~ 0.07 = 3.07
Caffeic + gentisic 0.65 + 5.02
acids*
Cinnamic acid 0.06 = 1.95
Coumaric acid 0.28 + 8.88
Ferulic acid 0.13 £ 541

* Expressed as calleic acid

methanol. Iinuma and Herrmann devel-
oped a CE-ESI-MS method for deter-
mination of vanillic, cinnamic,
4-hydroxycinnamic, 3-hydroxy-4-ethoxy-
benzoic, ferulic, and sinapic acids in
mixtures of standards only, so no sampl
pretreatment was needed [18].

In our study the plant material was
sonicated with methanol for 30 min and
the extract was merely filtered through
paper and diluted with water before ITP—
CZE. Such simple sample pretreatment
was possible because during the ITP step
any interfering and irrelevant sample
components could be removed from the
system by on-line diversion to the side
electrode.

The LODs achieved by use of our
ITP CZE method for phenolic acids
(0.005-0.061 pg mL™") were better than
those of single CZE (0.02-0.12 pg
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mL™ [15], 0.04-0.07 pg mL™" [16, 17],
and 0.015-0.168 g pmL ™" [18]).

RSD of peak areas were similar to or
better than in other work (1.56—
4.23% [15]), <5.4% [l16], <4.8% [17],
and 5-8.8% [18]). There was no signifi-
cant difference between RSD of migra-
tion times in our work and those reported
elsewhere.

Although the separation time (25 min)
in the proposed ITP-CZE method is
longer than for other methods (less than
10 min [15] and less than 3.5 min [16,
17]), it must be noted that this is, in
practice, compensated by the simpler
sample treatment.

The calibration range in our work was
similar to that reported elsewhere (0.1
106 ug mL™! {16, 17)).

Finally, it must be stated that, in
contrast with classical CZE, the proposed
ITP CZE technique requires operation
by a very skilled analyst and is not ex-
tremely robust or ideal for routine labo-
ratory analysis. It may, however,
presumably be useful in special instances
when complicated  off-line  sample
pretreatment must be avoided. The main
value of this work consists in the practical
introduction to analytical practice of the
previously theoretically considered [10]
but until now not well-established BGE-
S-BGE electrolyte system, which can
[acilitate analysis of complex biological

Chromatographia 2006, 64, July (No. 1/2)

or plant samples without sample pre-
treatment.

Conclusion

Most previously published HPLC or
CZE methods for assay of aromatic acids
in plant materials [2, 4, 19] typically
involve sample preconcentration. The
preconcentration steps usually consists of
several repeated operations that are
laborious and time-consuming. Sub-
stantial enhancement of detection sensi-
tivity in CZE has now been achieved on
the basis of isotachophoretic sample
pretreatment before CZE separation.

A model mixture of nine aromatic acids
was separated by ITP-CZE in on-line
column-coupling mode without any off-
line preconcentration steps. Limits of
detection were between 5and 60 ng mL ™.

This ITP-CZE system was used to
determine the amounts of protocatechuic,
caffeic, gentisic, cinnamic, coumaric, and
ferulic acids in herba epilobi by direct
analysis of a methanolic extract of the
drug. Although the method is selective and
sensitive, it is complicated; despite this it
could be used as an alternative to HPLC
methods for analysis of plant constituents.
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Abstract

Light phenolic acids were analyzed by capillary zone electrophoresis. On-line analyte preconcentration was carried out by hydrodynamic
injection of large volume of sample followed by removal of the bulk of the low conductivity sample matrix by polarity switching. The optimal
electrolyte system consisted of 50 mM sodium tetraborate of pH 9.0 (adjusted with 0.1 M phosphoric acid) containing 2% of a-cyclodextrin.
The separations were carried out with a fused silica capillary (effective length 50 cm, i.d. 50 pm) and monitored at 200 nm. Under optimized
preconcentration conditions (sample injection 99 s at 100 mbar and the polarity switching time 1.0 min) linear calibration ranges (0.1-2.0 p.g/ml,

R=0.9979-0. Y99)), favourable limits of detection (L.UI-0.ULD pug/ml) and goou rcpcata[)uuy of the pﬁdK areas (1\ S.D.:

achieved.
© 2006 Elsevier B.V. All rights reserved.

2.76-5.69%, n=0) were

Keywords: Large-volume sample stacking; Stacking; Phenolic acids; Capillary electrophoresis

1. Introduction

The aim of the presented work was to develop CZE method
far tha datarminatinn of aigcht nhannlic aride with antiaxidant
for the determination of eight phenolic acids with antioxidant

activity in Herba epilobi.

1.1. Large-volume sample stacking with polarity switching

Large-volume sampie stacking technique with polarity
switching mode was used to enhance the detection sensitivity in
CZE. Initially a large plug of low conductivity sample was intro-
duced hydrodynamically into the capillary and a negative voltage
was applied. The large solvent plug was then electroosmotically
pushed out of the capillary while the negative species stacked up
at the boundary between the sample zone and the background
electrolyte (BGE). Once the major part of the low conductivity
zone has been pushed out of the capillary, the positive voltage
was applied for the separation. The time of polarity switching
was determined by monitoring the driving current value. As soon
as the current reached the value close to the original one (about
95-99%), the polarity was switched [2—4].

* Corresponding author. Tel.: +420 495 067 482.
E-mail address: jiri.safra@faf.cuni.cz (J. Sal'ra).

0731-7085/$ — see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.jpba.2006.01.025

1.2. Compounds under study

The studied antioxidants can be divided into two groups:
darivativac nfhanzaic anid (uanillic quringie and cantigie acidg)
derivatives of benzoic acid {vanillic, syringic and gentisic acids)
and derivatives of cinnamic acid (cinnamic, p-coumaric, caffeic,
ferulic and chlorogenic acids). These acids occur in H. epilobi
and are responsible for the antioxidant effect of the plant.

The active compounds of H. epilobi were determined earlier
hy diffarant tachniqnias Hiarmann and Dadl davalanaed o (O7FE
by different techniques. Hiermann and Rad! developed a CZE
method using a fused silica capillary, phosphate buffer of pH 7.0
and UV detection for the analysis of aromatic acids occurring
in plant extracts [1]. The polyphenolic metabolites were ana-
lyzed by RP-HPLC with UV and MS detection [5]. Gallotannins,
ellagotannis and flavonoids were studied by HPLC-MS [6] and
the HPLC with UV and MS detection was used for the analysis
of flavonoid glycosides in various Epilobium species [7].

2. Experimental
2.1. Apparatus
Capillary electrophoretical system P/ACE™ MDQ, Beckam

Coulter equipped by PDA was used. Communication with PC
and analysis control was supported by 32 Karat Software 4.01.

82



1. Safra et al. / Journal of Pharmaceutical and Biomedical Analysis 41 (2006) 1022—1024 1023

The separations were performed in fused silica capillary, i.d.
50 pm and total length 60 cm (effective length 50 cm).

2.2, Reagents

All chemicals were of analytical grade quality. Cinnamic,
gentisic, coumaric, ferulic, vanillic, syringic and caffeic acids,
a-cyclodextrin and methanol Chromasol® for HPLC were pro-
vided by Sigma—Aldrich. Sodium tetraborate and phosphoric
acid were obtained from Lachema Bmo.

Standard solutions of above mentioned aromatic acids
(100 mg/ml) were prepared by dissolving these compounds in
50.00ml of methanol and degassed in ultrasonic bath. This
stock solution was diluted with water to contain 10% (v/v) of
methanol. The electrolyte consisted of SOmM sodium borate
buffer with pH 9.0 containing 2% of a-cyclodextrin.

3. Results and discussion

3.1. CZE with a standard hydrodynamic injection process
(injection volume representing 1% of the overall capillary
volume)

Alkaline BGE based on a borate buffer was employed to
achieve ionization of the carboxylic and phenolic groups of
the analytes and possibly to enhance separation of the analytes
through complex formation of borate with vicinal -OH groups
of dihydric phenols [8]. The effect of concentration of borate,
a-cyclodextrin and of the content of methanol in the BGE was
tested. The electropherogram of conventional CZE is shown in
Fig. 1A.
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Fig. 1. Electropherogram of standard mixture (¢ =2 pg/ml): (A) classical CZE
and (B) CZL using large-volume sample stacking with polarity switching (for
conditions see Section 3.1). (1) Cinnamic acid, (2) chlorogenic acid, (3) p-
coumaric acid, (4) ferulic acid, (5) caffeic acid, (6) gentisic acid, (7) syringic
acid and (8) vanillic acid.

3.1.1. Effect of borate concentration

Chlorogenic acid and caffeic acid form complexes with
borate. It is caused by ortho-dihydroxyphenyl moieties in their
structures. Effect of borate concentration was tested at pH 9 for
10, 30, 50 and 70 mM borate. Optimum peak symmetry and peak
area were achieved with 50 mM borate.

3.1.2. Effeci of pH

The pH of BGE is an important parameter influencing elec-
troosmotic flow and ionization of analytes and thus it may act
selectively to change the electrophoretic mobility of analytes.
The effect of pH was examined with the borate-containing BGEs
of pH 8.4, 8.6, 8.8, 9.0, 9.2 and 9.4. The pK, values of the pheno-
lic acids under study range between 4 and 5 and hence they are
fully ionized in such BGEs [8,9]. Poor resolution of all analytes
was observed below pH 9.0. Increasing pH above 9.0 resulted
in longer analysis times. Therefore, pH 9.0 was selected as the
optimum choice giving best results in terms of the resolution of
the acids of interest.

3.1.3. Effect of addition of methanol

It is known that the content of methanol in BGE affects
analysis time, peak symmetry and resolution. With the increas-
ing methanol content in the BGE from 5% to 20% (v/v)
the migration times of the analytes increased and the base-
line quality and the resolution worsened. Therefore, in further
experiments the BGE without the addition of methanol was
used.

3.1.4. Effect of a-cyclodextrin

The separation quality was significantly influenced by the
addition of 2-5% of a-cyclodextrin into the BGE of pH 9. The
migration times and order of acids changed considerably and all
the compounds were separated to baseline and the total analysis
time was acceptable. Optimum content of a-cyclodextrin in the
BGE was 2%.

3.2. CZE with a large-volume sample hydrodynamic
injection, followed by the removal of the large plug of low
conductivity sample matrix from the capillary using polarity
switching (injected sample volume representing 70% of the
capillary volume)

Cinnamic acid was chosen as amodel standard to find suitable
pressure, sample injection time and polarity switching time to
increase the sensitivity of the method.

Hydrodynamic injections were preformed under pressures
ranging from 50 to 200 mbar for 99s. The best results were
achieved at 100 mbar, which corresponds to an injected volume
representing 70% of the capillary volume.

The polarity was switched as soon as the experimental current
reached 95% of its standard value observed during conventional
CZE separation performed with the same BGE. The electro-
pherogram of standards mixture obtained using large-volume
sample stacking is shown in Fig. 1B.
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Table 1

Calibration paramelers and relevant analytical data of CZE method using large-volume sample stacking with polarity switching

Acid Calibration curve, y=kx+g Sk Sq r Sresidual Time (min) + R.S.D. (%) Area R.S.D. (%)
Cinnamic y=T77585x — 2439 1685 2065 0.9993 2560 10.77 £ 0.50 2.76
Chlorogenic y=26418x — 2734 957 1173 0.9980 1454 11.55 £ 0.58 3.53
Coumaric y=77029x — 3346 3856 4725 0.9983 5857 12.01 &+ 0.86 3.50
Ferulic y=03113x — 2475 2165 2654 0.9982 3290 12.64 = 0.94 293
Caffeic v=107467x — 6599 1880 2304 0.9995 2856 15.08 = 0.85 4.11
Genlisic 2553 3129 0.9995 3879 15.89 + 1.07 3.37
Syringic y=76853x — 7742 2949 3614 0.9979 4479 1637 = 1.34 5.69
Vanillic v=141081x — 10104 3688 4519 0.9990 5602 19.08 + 1.62 3.74

v, Corrected peak area; x, concentration in pg/ml; s, standard deviation.

3.3. Comparison of conventional CZE and CZE
volume sample stacking

with large

According to our results the corrected peak areas (peak
area/migration time) increased by the factor of 40 compared
to the peak areas obtained by conventionai CZE. No drifting
of the baseline was observed during the CZE separations with

large-volume sample stacking.
4. Method validation
4.1. Calibration parameters

The calibration was carried out with five standard solutions
containing 0.1, 0.5, 1.0, 1.5 and 2.0 p.g/ml of each analyte and
relevant pieces of information are given in Table 1.

4.2. LOD and LOQ

LOD (S/N=3) and LOQ (S/N=10) were found to be 0.01
and 0.033 pg/ml for cinnamic, p-coumaric, ferulic, gentisic and
syringic acids. The same values for caffeic and vanillic acid
were 0.02 and 0.066 n.g/ml, respectively. The highest values
were obtained for chlorogenic acid (0.025 and 0.083 pg/ml).

4.3. Repeatability

Solution of standard acids containing 1 mg/ml of analytes
was repeatedly (n =6) injected. Repeatability data are included
in Table 1.

The repeatability of the results, expressed by the relative stan-
dard deviation of six CZE measurements is satisfactory. The
R.S.D. values of migration times do not exceed 2% whereas
R.S.D.s of peak areas are lower than 5% except of syringic acid
(R.S.D.=5.69%).

4.4. Resolution
Resolutions of neighbouring peaks were calculated using

32 Karat Software 4.01. The resolution factor (Rs) values
determined at optimal conditions were 3.1 for the cinnamic—

chiorogenic acid peaks, 2.0 for chiorogenic—coumaric
acid peaks, 2.3 for coumaric—ferulic acid peaks, 5.9 for
ferulic—caffeic acid peaks, 1.7 for caffeic—gentisic acid peaks,
1.4 for gentisic—syringic acid peaks and 6.9 for syringic—vanillic
acid peaks.

5. Conclusions

Large-volume sample stacking with polarity switching has
proved to be a powerful tool for sensitivity enhancement in
CZE analysis of selected aromatic acids. A 40-fold semsi-
tivity enhancement was attained for the quantitative analysis
of extremely diluted analytes in low conductivity matrices.
The proposed method is intended for the identification and
assay of the listed phenolic acids in the methanolic extract

of H. epilobi.
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Abstract

A method utilising isotachophoresis and capillary zone electrophoresis in the column coupling configuration with UV detection at 320 nm was
developed for separation and determination of five phenolic acids (rosmarinic, p-coumaric, ferulic, caffeic and chlorogenic) and flavonoid quercitrin
in a methanolic extract of Melissae herba. The proposed method has been validated with correlation coefficients from 0.9842 to 0.9988, RSD
values between 0.39% and 0.83% for migration times and between 0.40% and 2.05% for peak arcas.

© 2007 Elsevier B.V. All rights reserved.

Keywords: Capillary isotachophoresis; Zone electrophoresis; Phenolic acids; Rosmarinic acid; Quercitrin; Melissac herba

1. Introduction

The drug Melissae herba is obtained from the leaves of
Melissa officinalis (Lamiaceae) [1]. It contains triterpenes and
phenolic acids derived from caffeic acid, dimers such as ros-
marinic acids, and trimers such as melitric acids; flavonoids
(quercitrin, rhamnocitrin, etc.) and glycosides of monoter-
penes and of aromatic alcohols; monoterpenoid aldehydes,
terpenoids and others [2,3]. This drug is traditionally used for
the symptomatic treatment of gastrointestinal disturbances, as
an adjunctive therapy for the painful component of functional
dyspepsia and for the symptomatic treatment of neurotonic dis-
orders in the adults and in the children, for example in case of
minor sleeplessness [3].

Rosmarinic acid is the main component derived from
hydroxycinnamic acid (it could be also used for expressing
the total amount of phenolic acid in M. herba). Rosmarinic
acid is an ester of caffeic acid and 3,4-dihydroxyphenyllactic
acid. It has a number of interesting biological activities, e.g.
antiviral, antibacterial, antiinflammatory and antioxidant. It is

* Corresponding author. Tel.: +420 495 067 482.
[E-mail address: jiri.safra@faf.cuni.cz (J. Safra).

0021-9673/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.chroma.2007.09.024

commonly found in species of the Boraginaceae or Lamiaceae
[2-5].

A few papers dealing with the analysis of the active
components of M. herba have been published. Rosmarinic,
chlorogenic, protocatechuic, gentisic, p-hydroxybenzoic, caf-
feic, vanillic, syringic, p-coumaric and ferulic acids in
different qualitative and quantitative proportions depending
on the plant examined were determined by the method
combining solid-phase extraction and high-performance lig-
uid chromatography (methanolic extracts were evaporated to
dryness, diluted with 30% aqueous methanol and passed
under vacuum through conditioned octadecyl BakerBond
solid-phase extraction (SPE) microcolumns; for quantitative
analysis of rosmarinic acid, an isocratic solvent system of
acetonitrile/water/acetic acid (20:80:1, v/v/v) and detection at
280 nm was used. Other phenolic acids were analysed with a
mobile phase of methanol/water/acetic acid (25:75:1, v/v/v),
detection at 254 nm and constant flow rate) [6].

The qualitative and quantitative composition of the main
aromatic and polyphenolic constituents of the infusion of
M. officinalis were examined by GC-MS and HPLC using gra-
dient elution and diode array detection (DAD) [7].

The extraction of antioxidants from M. officinalis leaves with
ethanol and identification of individual antioxidants (carnosic,
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ursolic and oleanolic acids) by high performance liquid chro-
matography with UV detection at 230 nm has been described
in [8]. The mobile phase was a mixture of acetonitrile—water
65:35 (v/v) containing 0.5% phosphoric acid and 1 mM EDTA.
Effects of particle size, amount of organic modifier and
temperature on the extraction rates and concentrations of
antioxidants in the extracts were studied and kinetics was
determined [8].

Matrix solid-phase dispersion (MSPD) was used for sam-
ple preparation of M. officinalis prior to liquid chromatography
of rosmarinic, caffeic and protocatechuic acids as pheno-
lic compounds present in this herb. The mobile phase
was methanol-water (pH 2.5), pumped at a flow rate of
0.4 mL min~!, with a linear gradient composition incresing from
15% methanol to 75% methanol [9].

HPLC analysis of phenolic acids (rosmarinic, caffeic and pro-
tocatechuic acid) in M. officinalis using mobile phase composed
of mixture of methanol—water (pH 2.5, adjusted with phosphoric
acid) with detection at 260, 280 and 330 nm has been presented
in [10].

The structures of interest of this work are presented in Fig. 1.

Some articles dealing with the determination of rosmarinic
acid in plant materials other than M. herba have been also pub-
lished. An HPL.C method for the determination of rosmarinic and
caffeic acids in several aromatic herbs (rosemary, sage, thyme,
spearmint, balm, and lavender) using C18 reversed-phase col-
umn, a gradient elution system of methanol-water containing
orthophosphoric acid, and a photodiode array detector has been
described in [11]. Moreover the HPLC was used for the determi-

Rosmarinic acid
OH
o] COOH
HO
j@/\)‘\‘) OH
HO

p-coumaric acid Ferulic acid

/@/\/COOH . _-COOH
HO HOQ/\/ HO
OCH,

Quercitrin

nation of rosmarinic acid in some other plant materials including
Cordia verbenacea (Boraginaceae) [12]; Lavandula vera and
officinalis (Lamiaceae) [13,14]; M. officinalis (Lamiaceae) [15];
Salvia miltiorrhiza (Lamiaceae) [16]. Chromatographic tech-
niques (HPLC, GC) and micellar electrokinetic chromatography
(MEKC) - electrophoretic method utilising chromatographic
principles — were applied for enantioselective separation of
rosmarinic acid in Hedera helix (Araliaceae) [17]. A TLC-
densitometric method has been employed for simultaneous
determination of rosmarinic and caffeic acids in five Salvia
species [18].

Carnosol, carnosic acid, rosmarinic acid and other uniden-
tified phenolic compounds in rosemary were separated by
capillary zone electrophoresis (CZE) using a 40-cm capillary
and a 20 mM tetraborate buffer (pH 9.0); a UV diode array detec-
tor and mass spectrometry were utilized [19]. CZE method has
been also evaluated for the analysis of honey samples of different
floral origin. All the phenolics were separated on a fused-silica
column (50 cm x 50 wm) by using 100 mM sodium borate buffer
(pH 9.5) containing 20% of methanol [20]. Moreover the CZE
with UV detection was employed in analysis of rosmarinic acid
in Salvia officinalis [21,23] and in rosemary [22]. All methods
employed borate buffer at relatively high pH (9.0-9.6).

In rosemary, hesperetin, acacetin, diosmetin, apigenin, lute-
olin and ferulic, rosmarinic and caffeic acids were analyzed by
CZE coupled with electrochemical detection (ED) [24]. CZE-
ED using 50 mM borate buffer (pH 8.7) was developed for the
analysis of isovanillic, vanillic, rosmarinic, caffeic and proto-
catechuic acids and quercetin in Origanum vulgare (Lamiaceae)
and its medicinal preparation [25]. CZE-ED in borate buffer was

Chlorogenic acid

HO COOH

o]

X
o] OH
OH
HO
OH
Caffeic acid
X ~COOH
OH

OH

Lig. 1. Structure of the investigated compounds. ‘Two enantiomers of rosmarinic acid might occur. The total concentration of rosmarinic acid was determined at this

work.
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also employed in the analysis of phenolic compounds in Perilla
frutescens (Labiatae) [26].

CZE has attractive advantages, e.g. short analysis times,
versatility, and very small amounts of solvent waste. It does,
however, have disadvantages, for example unfavourable detec-
tion limits and the need to inject small sample volumes (nL)
[27]. On-line combination of CZE with isotachophoresis (ITP)
in the column-coupling configuration can improve separation
efficiency and reduce limits of detection, because the concen-
trating effect of ITP enables injection of large volumes (tens of
microliters) of dilute samples. Interfering or irrelevant sample
components can be removed as they leave the outlet of the ITP
capillary or they can be prevented from entering the CZE cap-
illary by flushing the pre-separation capillary with background
electrolyte (BGE) [28-31]. It is important to choose suitable
electrolyte system and find the optimum time to switch the cur-
rent from the pre-separation capillary to the separation capillary
[30].

The objective of this study was to develop an electrolyte sys-
tem for ITP-CZE in column coupling mode, which uses two
capillaries, the first capillary for ITP and the second one for
CZE. Capillary ITP is used to focus analytes in the first capil-
lary and the CZE separation then proceeds in the second capillary
[32]. We decided to employ the BGE-S-BGE arrangement (‘S’
denotes sample) that would be suitable for the assay of aro-
matic acids and flavonoids in M. herba. The term ‘BGE-S-BGE’
means that the BGE used in the CZE step differs from the ter-
minating and leading electrolytes (TE and LE, respectively) of
the ITP stage [28,33]. This complicated arrangement has been
successfully applied to the analysis of compounds of interest in
plant material. The basic characteristics of the ITP—CZE method,
namely repeatability, accuracy, linearity, and limit of detection,
were evaluated.

2. Experimental
2.1. Instrumentation

ITP-CZE was performed with the EA 100 Villa Labeco
CS Isotachophoretic Analyzer (Spisska Nova Ves, Slovakia)
equipped with a column-switching system. Pre-separation and
analytical capillaries were made from fluorinated ethylene—
propylene (FEP) copolymer. The pre-separation capillary
(9.0cm long, 0.8 mm i.d.) was equipped with a conductiv-
ity detector positioned 38 mm from the bifurcation point. The
analytical capillary (16.0cm long, 0.3 mm i.d.) was operated
with a conductivity detector and with an external LCD 2083
spectrophotometric detector (ECOM, Prague, Czech Repub-
lic) operated at 270nm. Samples were injected by use of a
sampling valve (30 wL). The electrolyte chambers contain-
ing the LE and BGE were separated from the electrolytes
in the capillaries by semi-permeable cellophane membranes.
The personal computer (PC) software ITP Win Pro32 (Kas-
Comp, Bratislava, Slovakia) was used to control the ITP and
CZE runs and for collecting and processing experimental data.
The pH* was measured with a PHM-220 pH meter (Radiome-
ter Analytical SAS, Lyon, France). UV spectra were acquired

with an HP 8453 Hewlett—Packard spectrophotometer (HP,
Palo Alto, USA). A Sonorex RK 31 ultrasonic bath (Ban-
delin Electronic, Berlin, Germany) was used for degassing and
sonication.

2.2. Chemicals

All chemicals used for preparation of model mixtures
and electrolyte solutions were of analytical-reagent grade.
o-Cyclodextrin,  B-cyclodextrin,  2-hydroxyethylcellulose
(HEC), apigenin, hesperetin, ferulic, gallic, chlorogenic, caffeic,
p-coumaric, rosmarinic acids, quercitrin, luteolin, methanol,
3-(N-morpholino)-2-hydroxypropanesulfonic acid (MOPSO),
Tris, and methanol were obtained from Sigma—Aldrich (Mil-
waukee, WI, USA). Boric acid, 1-nitroso-2-naphtol and picric
acid were purchased from Lachema (Brno, Czech Republic).
Ultrapure water, used throughout, was prepared with a Milli-Q
system (Millipore, Bedford, MA, USA). The drug M. herba
was provided by Department of Pharmacognosy of Faculty of
Pharmacy in Hradec Kralové (Czech Republic).

2.3. Standard and electrolyte solutions

A stock solution containing rosmarinic, p-coumaric, ferulic,
caffeic and chlorogenic acids and quercitrin (0.025 mgmL™!
of each) was prepared in methanol. A 2.00-mL aliquot of this
stock solution was transferred into a 10-mL volumetric flask and
diluted to 10 mL with water, so the final model mixture contained
20% (v/v) methanol. All solutions were filtered through a No.
4 sintered glass filter and degassed for 15 min in an ultrasonic
bath before ITP and CZE analysis.

The optimal LE was 10 mM HCI, 0.2% hydroxyethylcellu-
lose, pH* ~7.2 (adjusted with Tris) and the TE was 50 mM
H3BO3; of pH* 8.2 (adjusted with barium hydroxide). The
BGE used in the CZE step was different from LE and TE
used in the ITP step (but all electrolytes contained 20% (v/v)
of methanol). The optimum composition of the BGE in the
CZE step was 25 mM MOPSO, 50mM Tris, 40 mM H3BOs,
0.2% hydroxyethylcellulose, pH* ~8.1 (adjusted with barium
hydroxide).

2.4. Preparation of plant extract

Dried pulverized M. herba (1.0 g) was weighed into a 100-
mL volumetric flask. 50.00 mL methanol was added and the
mixture was sonicated for 30 min. The resulting suspension was
filtered through dry paper filter and the supernatant was diluted
with water to contain 20% (v/v) methanol before the ITP-CZE
analysis.

3. Results and discussion
3.1. Method optimization
3.1.1. Selection of the ITP electrolyte system

Considering the fact that the pK, values of hydroxyphenylcar-
boxylic acid derivatives range between 4 and 5 [34,35] and those
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of phenolic groups of flavonoids between pK, 9 and 11 [35,36]
and taking into account the presence of ortho-dihydroxyphenyl
moieties (known for their ability to form complexes with
borate) in some molecules of interest (rosmarinic, chloro-
genic and caffeic acids and quercitrin), boric acid solution
of pH* 8.2 (adjusted with barium hydroxide) was used as
TE.

The LE was hydrochloric acid with Tris as the counter-
ion. The formation of negatively charged borate complexes
of o-phenols with boric acid facilitated smooth migration of
the flavonoids at pH* 8.2 and resulted in the increase of effi-
ciency of separation [36]. It means that at the end of the
pre-separation ITP step all the analytes were concentrated
into a stack of narrow rectangular zones with sharp bound-
aries ready to be introduced into analytical capillary (for more
details see [31,37]). Two coloured markers, picric acid and
1-nitroso-2-naphtol, were used for exact timing of the trans-
fer of isotachophoretically stacked analyte zones into the CZE
column and for the control of the residual amount of the LE
and TE entering the CZE capillary together with the ana-
lytes.

127

3.1.2. Selection of the BGE for CZE

To avoid peak-shape distortion as a result of high electro-
migration dispersion, the effective mobility of a co-ion in the
running buffer should be close to the effective mobility of the
solutes. Several initial experiments and literature data [31,37]
suggested that the LE or TE from the ITP phase could not be
used as the BGE for CZE separation. The effective mobility
of MOPSO is close to the mobilities of the analytes of interest
[37], therefore MOPSO was selected as a co-ion. The influ-
ence of the presence of boric acid in the BGE on the migration
of analytes was tested as well as pH* of BGE and addition of
cyclodextrins.

The time and current mode was also optimized.

3.1.3. Effect of pH*

To estimate the effect of pH* on the selectivity of separation,
the BGE buffers with 25 mM MOPSO as co-ion and 40 mM boric
acid with pH* values between 7.8 an 8.5 were tested. AtpH* 7.8
and 8.0 the analytes remained unresolved and the asymmetry of
their peaks was high. The best resolution was achieved at pH* 8.1
(Fig. 2) whereas at higher pH* values the resolution was getting
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Fig. 2. Effect of pH*.
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Table 1
Time and current regime of the analysis
Mode Step Current (LA) Duration Capillary
TP 1 200 Until the voltage ~23kV was reached Pre-separation
2 100 280-300s from the step of CO3>~ Sep

Current switching
Transmigration 3 50 220s From pre-separation into analytical
Replacement of electrolytes

y 4 50 80s .
s 5 200 To the end of analysis Aalytical

worse. At this stage only the separation quality was examined
and so the peaks were not identified.

3.1.4. Effect of boric acid

Addition of boric acid to BGEs may affect the separation of
compounds containing vicinal hydroxy groups on the aromatic
ring, because of the formation of borate complexes. Thus ros-
marinic, chlorogenic and caffeic acid and quercitrin can form
charged (uninegative) borate complexes. The effect of seven
different concentrations of boric acid (20, 30, 40, and 50 mM)

on the peak resolution was examined. As the concentration of

boric acid increased the quality of separation was getting better,
especially in the case of the fourth peak. The best results were
obtained using 40 mM boric acid, further increase of borate con-
centration resulted in prolongation of migration times without

any further benefit,

3.1.5. Effect of cyclodextrins

Because the type and concentration of selectors are
important conditions in CZE separations, the effect of a-
cyclodextrin (5-35mM) and B-cyclodextrin (5-15mM) was
studied. Although some minor improvement of separation was
observed when using a-cyclodextrin (namely at its 30 mM con-
centration), it was not fundamental and a-cyclodextrin was not
used for further optimization. In the presence of B-cyclodextrin
the number of peaks decreased and the peaks broadened.

3.1.6. Time and current mode

The period during which analytes transmigrate from the
pre-separation capillary into the analytical capillary and the elec-
trolyte system is changed to CZE mode is a critical moment
during the analysis [27]. Optimum time and current mode was
established after numerous ITP-CZE analyses and picric acid
and 1-nitroso-2-naphthol were used as the colour markers which
made it possible to use the response of ITP conductivity detector
for exact timing of introduction of ITP zones into CZE separation
capillary. During this investigation it was found that the peaks
of the analytes were not deformed in the electropherogram if
the time interval for the current switching was set of about 20s
before the stacked zone of analytes reaches bifurcation block.
The optimum time and current regime is presented in Table 1.
The separation unit for on-line combination of capillary isota-
chophoresis in the column-coupling arrangement is described in
Fig. 3 and also in more detail elsewhere [37].

3.2. Qualitative analysis

The migration times of samples investigated include only
CZE step (see Table 1). The analytes migrated in fol-
lowing order: caffeic acid (z, =6.54 min), rosmarinic acid
(t;=7.63 min), p-coumaric acid (#=38.22min), chlorogenic
acid (4, =8.43min), ferulic acid (#=8.91min), quercitrin
(#:=9.79 min) and apigenin (IS; £, =6.54 min). It is noted at this
point that the duration of the pre-separation ITP step is depen-
dent on the absorption of CO, by TE during work (although
TE contained barium hydroxide and the replacement of TE was
carried out after every analysis) and consequently the length of
ITP stage was changed.

The optimum BGE for the CZE separation had pH* 8.1
and it contained 25 mM MOPSO, 50 mM Tris, 0.2% HEC,
40 mM H3BO3 and 20% (v/v) of methanol. Caffeic acid was the
fastest migrating analyte, followed by rosmarinic acid. The next
two acids — p-coumaric and chlorogenic — were, unfortunately,
not fully resolved (i.e. they co-migrated). Complex-formation
with boric acid is the probable reason for the rapid migration
of caffeic and rosmarinic acids. Ferulic acid has no possi-
bility to form the complex with boric acid and therefore it
migrates as the slowest acid. The last two peaks corresponded
to quercitrin (although forming borate complexes, of its rela-
tively big molecule results in its slowest migration) and apigenin
IS).

The electropherogram of the model mixture is presented in
Fig. 4. An apparent discrepancy of times was explained above.

3.3. Calibration data

Calibration data were evaluated for all the analytes under
investigation, using the optimum BGE described above. To
improve the linearity of calibration curves, apigenin was used as
the internal standard. The calibration curve was plotted for each
analyte in the concentration range 0.5-5.0 pgmL ™! (covered
by five experimental points, each measured in duplicate). The
PC software made possible to obtain us peak areas of poorly
resolved chlorogenic acid from quercitrin. Statistical evalua-
tion of the calibration data, i.e. peak area ratio (analyte/internal
standard) versus sample concentration (in pug mL~1) confirmed
satisfactory linearity expressed by correlation coefficient val-
ues ranging from 0.9842 (chlorogenic acid) to 0.9988 (caffeic
acid); the method was at least sensitive for chlorogenic acid and
quercitrin. Regression analysis of the calibration data was per-
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Fig. 3. (A) The scheme of apparatus for ITP-CZE; (B) the end of ITP step; analytes are stacked into the narrow zones at the bifurcation point; (C) analytes are
transferred electrophoretically into the analytical capillary; (D) the pre-separation capillary is flushed hydrodynamically with BGE; (E) analytes are separated in the

CZE mode.

formed by use of Microsoft Excel. The results are summarized
in Table 2.

3.4. Limits of detection and quantification
Limits of detection (LoD) were evaluated, on the basis of

signal-to-noise ratio (S/N), by comparing signals from samples
containing known low concentrations of analytes with those

from blank samples, and establishing the minimum concen-
trations at which the analytes could be detected reliably. A
signal-to-noise ratio between 3:1 and 2:1 is usually regarded as
acceptable criterion for estimating detection limit [38]; S/N=3
was chosen in this work. S/N =10 was chosen for limit of quan-
tification (LoQ).

LoD values (g mL™') increased in the order 0.018 for caf-
feic acid, 0.020 for ferulic acid, 0.027 for rosmarinic acid, 0.030

Table 2

Calibration data for the analytes

Analyte Calibration curve, y=k-x+g Sk Sq R
Cafteic acid y=0.4934x+0.1091 0.017 0.056 0.9988
Rosmarinic acid y=0.3205x+0.0341 0.017 0.059 0.9971
p-Coumaric acid y=0.2931x+0.0942 0.024 0.079 0.9935
Chlorogenic acid y=0.2617x+0.0468 0.033 0.110 0.9842
Ferulic acid y=0.4488x+0.0733 0.021 0.068 0.9979
Quercitrin y=0.2325x+0.1231 0.016 0.053 0.9952

v, peak area ratio (analyte/internal standard); x, concentration in pg mL~L; s, standard deviation of the slope of calibration curve; s,, standard deviation of the

intercept of the calibration curve; R, correlation coefficient.
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Fig. 4. Electropherogram of the standard mixture: 1=caffeic acid, 2=
rosmarinic acid, 3 =p-coumaric acid, 4=chlorogenic acid, 5=ferulic acid,
6= quercitrin, 7=apigenin (IS; c=2.5pgml.~!); BGE consisted of 25 mM
MOPSO, 50 mM Tris, 40 mM H3BO3, 0.2% HEC, 20% (v/v) of methanol, pH*
8.1.

for the p-coumaric acid, 0.032 for chlorogenic acid and 0.035 for
quercitrin. LoQ value (in wg mL™!) increased in the order 0.060
for caffeic acid, 0.065 for ferulic acid, 0.091 for rosmarinic acid,
0.098 for p-coumaric acid, 0,106 for ferulic acid and 0.116 for
quercitrin.

The results of replicate analyses (n=6) of prepared mix-
ture containing 5 pgmL ™! of each analyte showed excellent
RSD < 1% for the migration times and RSD < 2% for the peak

areag (excent of n-counmaric where the RSD wag 2. 05%)
areas (EXCept o1 p-toumaric winere e KRS was £.U37%0).

3.6. Analysis of plant material

The volume of methanolic plant extract injected in ITP-CZE
analysis was 30 p.L. The ballast compounds present in the extract
were diverted to the auxiliary electrode during the ITP pre-
separation step whereas the analytes of interest were stacked
and then transferred to the analytical capillary. Identification of
each compound in the extract was achieved by the addition of the
individual standard, which resulted in an increase of the height
of the appropriate peak. The results were in good agreement
with those of other authors [6,7,9-11]. An electropherogram of
the plant extract is shown in Fig. 5. Appropriate isotachophero-
gram corresponding to the ITP pre-separation step is shown
in Fig. 6.

In addition to compounds included in the model mixture
the protocatechuic acid was found as the first peak of electro-
pherogram. The presence of this acid has been mentioned in
several papers [9,10]. The peak of chlorogenic acid is negligi-
ble. Because the presence of luteolin-7-O-glucoside has been
reported in Melissa [7] we tried to identify this compound in the
extract, but the result was negative. Zgoérka and Gtowniak have
found also p-hydroxybenzoic and gentisic acid [6] which were
not presented in our plant extract.
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Fig.5. Electropherogram of the plant extract: 1 = protocatechuic acid, 2 = caffeic
acid, 3 =rosmarinic acid, 4 = p-coumaric acid, 5 = chlorogenic acid, 6 = ferulic
acid, 7 = quercitrin, 8 = apigenin (IS; ¢ = 2.5 g mL.~1); for conditions see I'ig. 4.

3.7. Determination of the constituents of M. herba extract

Quantification of the compounds and accuracy of the
ITP-CZE technique was accomplished by the internal stan-
dard method (IS =apigenin). The analyte peak areas/IS peak
are ratios for standards in the model mixture and for peaks
appearing in the electropherogram of M. herba extract were
compared.

As mentioned in Introduction several papers dealing with
the analysis of M. officinalis have been published earlier. Chro-
matographic techniques were exclusively employed for the
quantification. The comparison of quantitative results obtained
in the present work is possible for caffeic and rosmarinic acid.
Our results of quantification of rosmarinic acid agree well with
those appearing in literature (our result: 43.54 mg g~ !, results of
other authors obtained by HPLC: 40.5mg g~ ! (calculated from
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Fig. 6. Isotachopherogram of the plant extract; analytes were not separated in
this step. Boric acid solution of pH* 8.1 (adj. with barium hydroxide) was used
as TE. The LE was hydrochloric acid with Tris and 0.2% HEC at pH* 7.2. Either
LE or TE contained 20% (v/v) of methanol.
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Table 3
Determination of phenolic acids in Herba mellisae

Compound content (mg ¢~ pulverized drug
+£RSD [%]) (n=3)

Compound

Caffeic acid 1.65 & 0.80
Rosmarinic acid 43.54 + 1.73
p-Coumaric acid 1.00 £ 1.04
Chlorogenic acid 0.30 + 4.65
Ferulic acid 3.70 £ 2.17
Quercitrin 1.25 £ 297

% (w/w)) [3], 17.03 mgg_1 [8] and 27.4mgg_l [10] and by
LC: 16.8mgg~! [6]. The differences were bigger in the case
of caffeic acid (our result: 1.65mgg™!, results of other authors
obtained by HPLC: 1.99 mg g1 [8] and 0.3 mg g1 [10]; by LC:
0.089mg g~ [6].

Unfortunately our results could not be compared with simi-
lar data obtained by CE methods. Though several papers have
been published on the ITP-CZE [31,37] or simple CZE [19]
analysis of plant materials, none of them was dealing with
M. herba.

The results of the assay of plant extract components are sum-
marized in Table 3. The recovery at analyte levels of 1 and
2 wgmL~! varied from 90 to 98%.

It must be stated that, in contrast to classical CZE, the pro-
posed ITP-CZE technique requires operation by a very skilled
analyst and is not extremely robust or ideal for routine lab-
oratory analysis. It may be, however, presumably useful in
special instances when complicated off-line sample pretreat-
ment must be avoided. The main value of this work consists in
the practical introduction to analytical practice of the previously
theoretically considered [28] but until now not well-established
BGE-S-BGE electrolyte system, which can facilitate analysis
of complex biological or plant samples without sample pre-
treatment.

4. Conclusion

In this work, the hyphenation of ITP preconcentration to
CZE has been explored for the separation and assay of caf-
feic, rosmarinic, p-coumaric, chlorogenic and ferulic acids and
flavonoid quercitrin in a methanolic extract of M. herba. Several
previously published methods for the determination of aro-
matic acids and flavonoids involve sample pre-concentration.
The pre-concentration steps usually consist of several repeated
operations that are laborious and time consuming. Substan-
tial enhancement of detection sensitivity in CZE has now been
achieved on the basis of isotachophoretic sample pre-treatment
before CZE separation using on-line coupling of pre-separation
and analytical capillary. A model mixture of five aromatic acids
and two flavonoids have been separated by ITP-CZE within
30min, Limits of detection between 18 and 35ngmL~! were
achieved. Although the method is selective and sensitive, it is
rather laboratory complicated and it is necessary to monitor a
transfer of the ITP stack of analytes into the analytical cap-
illary. Despite this fact the ITP-CZE method could be used

as an alternative to HPLC methods for the analysis of plant
constituents.
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Abstract

Capillary zone electrophoresis with indirect UV detection at 215 nm was applied for the separation and determination of mannitol (MA), sorbitol
(S0) and xylitol in the form of anionic borate—polyol complexes. The separation was carried out in a fused silica capillary (total length 60 cm,
effective length 50 cm, I.D. 50 um) at 25 kV. The optimized background electrolyte was 200 mM borate buffer (pH 9.3, adjusted with triethylamine)
containing 10 mM 3-nitrobenzoate as the chromogenic co-ion. The separation took ~13 min. The rectilinear calibration range was 0.2-2 mg mL~!
for MA and SO when using xylitol (1 mg mI.~") as the internal standard. The limit of detection ata S/N of 3 was ~30 g mL.~! for either analyte. The
method was used for the assay of MA or SO in pharmaceutical infusion solutions. The RSD values were 0.15% or 1.07% (n=6) when determining
100 mg mL~! of MA or 50 mg mL. ™! of SO in commercial infusion solutions. The results were in good agreement with those of pharmacopoeial

iodimetric titration,
© 2007 Elsevier B.V. All rights reserved.

Keywords: CZE; Polyols; Borate complexes; Pharmaceuticals

1. Introduction

Mannitol (MA) and sorbitol (SO) are polyols commonly used
in the treatment of patients with oliguric renal failure. Adminis-
tered as a hypertonic infusion solution, they enhance distal tubule
delivery of Na* and water resulting in increased urine forma-
tion, i.e., they exhibit diuretic effect. Polyols, commonly termed
sugars alcohols, are also widely distributed as artificial nutri-
tive sweeteners in food and beverages (including diet drinks).
Hence the development of analytical methods for the assay of
these compounds in foods and pharmaceuticals allowing effi-
cient quality control of the finished products is important.

In recent years, MA or SO have been determined in different
matrices including food, biological samples or pharmaceuti-
cals by HPLC with amperometric, polarimetric or UV detection
[1-6]. Although HPLC with UV detection is a fast and sim-
ple method, its particular drawback is limited sensitivity due

* Corresponding author. Tel.: +420 495067453; fax: +420 495067164.
E-muail address: marie.pospisilova@faf.cuni.cz (M. PospiSilova).

0021-9673/$ — see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.chroma.2007.01.029

to the lack of suitable chromophores in the molecules of poly-
ols. Therefore, a pre-column derivatization of the polyols prior
to the HPLC analysis is sometimes employed for the enhance-
ment of sensitivity [5,6]. GC with flame ionization detection
was developed as an alternative technique to determine urinary
MA after its derivatization [7] and a GC with mass spectromet-
ric detection was recently introduced for determining polyols in
biological matrices [8,9].

Thanks to its high separation efficiency, expeditiousness, rel-
ative simplicity, flexibility, versatility, reduced operational costs
and minimal waste generation, capillary electrophoresis (CZE)
became a widely accepted analytical technique suitable for the
assay of various kinds of analytes in relatively complex matrices.
The applicability of CZE for the analysis of different compounds
including polyols has been demonstrated recently in a review
[10] and in a number of articles [11-17].

Since polyols are non-UV absorbing compounds, they
have been analyzed recently by capillary electrophoresis with
amperometric, refractive index and laser-induced fluorescence
detection [11-13]. Several CZE methods were devised for
the simultaneous analysis of inorganic anions, organic acids
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and carbohydrates and other anionic compounds and for the
determination of carbohydrates in food samples using indi-
rect UV detection with strongly alkaline (pH > 12) background
electrolyte (BGE) containing pyridine-2,6-dicarboxylic acid
[14-16]. Other authors utilized a BGE of pH 13 for an indi-
rect UV-CZE analysis of native nonderivatised sugars in tissue
cultures [17].

Pharmacopoeial analyses of MA and SO, either as the bulk
drug or in infusion solutions, consist in an ion-exchange liquid
chromatography with refractometric detection or in simple but
nonselective iodimetric titration [18,19].

Previosly the authors developed an ITP method with conduc-
tometric detection for the separation of four polyols—mannitol,
sorbitol, dulcitol and xylitol [20,21]. The present study is deal-
ing with the development, optimization and validation of a
CZE method suitable for the quality control of pharmaceuticals
containing polyols since in our opinion earlier published CZE
methods are not optimally suited for routine pharmaceutical
analysis of such analytes.

2. Experimental
2.1. Chemicals

All chemicals used were of analytical grade. D-Mannitol, D-
sorbitol, xylitol (XY), sodium tetraborate, 3-nitrobenzoic acid,
benzoic acid, D-sorbic acid, 4-methoxybenzoic acid, pheny-
lacetic acid, 1-amino-2-naphthol-4-sulphonic acid hemihydrate,
1-hydroxy-2-naphthoic acid and 2-chlorobenzoic acid were
obtained from Sigma—Aldrich (Prague, Czech Republic). Tri-
ethylamine (TEA), purity >99.5%, was purchased from Fluka
Buchs, Switzerland. Commercial infusion solutions containing
100 g L~! of mannitol (Infusio mannitoli) or 50 g L.=! of sorbitol
(Infusio sorbitoli) were purchased from Infusia Hofatev (Czech
Republic) or Medicamenta Vysoké Myto (Czech Republic),
respectively.

Ultra pure water prepared with a Millipore Water Purifi-
cation System (Millipore, Bedford, MA, USA) was used for
the preparation of all solutions. The electrolyte solutions and
standard solutions were filtered through 0.45 pm membrane fil-
ters (Millex, Millipore) and degassed by sonication (Bandelin
Sonorex RK 31, Bandelin Electronic, Germany) for 10 min.

2.2. Instrumentation and conditions for CZE

All experiments were performed by using a computer-
controlled P/ACE MDQ electrophoretic analyzer equipped with
a diode array detection system (Beckman Instruments, Fuller-
ton, CA, USA) and running with an integrated P/ACE Station
Software (32 Karat Version 4.0) package. A pH meter (PHM
220, Radiometer, France) equipped with PHC2401-8 combined
glass electrode calibrated with standards aqueous Radiometer
buffers was employed for the pH measurements.

Electrophoretic separations were performed in fused silica
capillaries with total length of 60 cm, effective length 50 cm and
1.D. 0.050 mm (Composite Metal Services, The Chase, Hallow,
Worchester, UK), maintained at 25 °C. To activate a new cap-

illary it was rinsed with 1 M NaOH for 20 min, washed with
deionized water for 10 min, treated with 1 M HCI for 20 min,
washed again with water for 10 min, and finally conditioned
with the BGE for 10 min. Daily before the first sample injec-
tion the capillary was conditioned with 0.1 M NaOH for 20 min
and with water for 20 min The capillary was washed with 0.1 M
NaOH and water between runs.

Separations were performed with a BGE containing S50 mM
sodium tetraborate (adjusted to pH 9.3 with TEA) and 10 mM 3-
nitrobenzoic acid. The samples were injected hydrodynamically
at a pressure of 35 mbar for 8s. Detection was carried out at
215nm, and all measurements were performed at a constant
voltage of 25kV.

The negative peaks of analytes were inverted automatically
to positive peaks by the electrophoretic system software.

2.3. Standard and sample solutions

Purely aqueous stock solutions containing 10mgmL~! of
MA, SO or XY were prepared by dissolving the compounds
in water. The final model mixture for the development of the
CZE method and for the optimization experiments contained
1 mgmL~! of each analyte. Calibration solutions prepared by
dilution of the stock solutions contained 0.2-2.0mgmL~! of
MA and SO and 1 mgmL~! of XY as internal standard (LS.).
The ratios of analyte/I.S. peak areas were plotted against nom-
inal concentrations of standards to obtain calibration curves.
The parameters of the equations of the calibration curves
(slope, intercept, correlation coefficient) were computed by lin-
ear regression.

The real samples of infusion solutions were diluted with water
and treated with measured volume of the stock solution of XY
to ensure that the approximate concentration of the analytes is
approximately 1 mgmL~! and that the concentration of the LS.
is 1mgmL~! before the CZE analysis. The calibration curve
equations were used to calculate the content of MA or SO in
the dosage forms analysed. The reference iodimetric determi-
nations were carried out by a standard pharmacopoeial method
[19].

2.4. Validation, electrophoretic characteristics

Number of theoretical plates, asymmetry, resolution, limit
of detection (LOD), limit of quantification (LOQ) and elec-
trophoretic mobilities were evaluated by using common
relationships [22]. The chemical stability of MA and SO in solu-
tions was calculated from the peak areas and defined as relative
decrease [ST (%)] of the peak area of the analyte expressed as St
(%) =100 |A;—Ap|/Ag, where Ay is the ratio of the peak areas of
the analyte (Ay) and internal standard (Arg.) measured at time
zero and A; is the same ratio measured at time #; St (%) <1 is
required [23,24].

3. Results and discussion

Electrophoretic analysis of sugar alcohols is somewhat prob-
lematical due to their neutral character (with pK, values 13-14
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[16] they are difficult to ionize in aqueous medium) and lack
of suitable chromophores in their molecules. Hence, the current
known analytical approach involves CZE analysis in strongly
alkaline BGE (0.25M NaOH) combined with electrochemical
detection [25].

In our present work, the ionization of the sugar alcohols is
based on the on-column complex-formation reaction between
borate and polyol resulting in the formation of anionic com-
plexes. Evidently the borate—polyol anionic species are capable
of electro-migration at lower pH compared to native polyols;
this fact should result in more stable baseline, symmetric peaks
of analytes and increased sensitivity compared to CZE with
extremely alkaline BGEs.

The complex formation reaction between borate and polyols
was introduced into common analytical practice and utilized
for the analysis of polyhydric alcohols and for titrimetric
or potentiometric determination of boric acid long ago [26].
Complex-formation equlibria in the aqueous borate—polyol sys-
tems have been studied extensively since the forties of the
twentieth century [27]; they are known to be rather complicated
because of the possibility of the formation of various kinds of
borate—polyol species. Anyway all such complexes exist in the
form of anions in alkaline medium above pH 8 [28]. The most
recent conductometric and polarimetric study of relatively com-
plicated complex-formation equilibria of polyols (such as SO,
MA, glycerol, dulcitol and xylitol) with boric acid revealed the
formation of [B(polyol);]~, [B(polyol)2]~ and [Bz(polyol)l]Z*
species [29].

The problem with the lack of sufficiently absorbing chro-
mophores in the molecules of MA and SO can be solved by
using indirect UV detection. Different UV-absorbing substances
possessing high molar absorption coefficients have to be inves-
tigated as components of the BGEs.

Initially, analytical conditions such as the type and concen-
tration of the chromogenic ion, pH of the BGE and separation
voltage were optimized for achieving most favourable separa-
tion efficiency, peak shape, sensitivity, and duration of the CZE
analysis.

3.1. Selection of the BGE and UV-absorbing ion

The chromogenic co-ion suitable for the indirect UV dete-
ction should have effective mobility close to that of the ana-
lytes and at the same time it should possess high molar
absorption coefficient at the detection wavelength selected
[22]. Eight various chromogenic ions (benzoate, D-sorbate,
4-methoxybenzoate, phenylacetate,  1-amino-2-naphthol-
sulphonate, 1-hydroxy-2-naphthoate, 2-chlorobenzoate, and
3-nitrobenzoate) bearing the same charge as the borate—polyol
complexes were examined as co-ions in 50 mM sodium tetrab-
orate/TEA (pH 9.3) electrophoretic system at concentration
levels of 2, 5 and 10 mM. Acceptable results in terms of peak
resolution and peak symmetry were achieved with D-sorbate,
4-methoxybenzoate, phenylacetate, 2-chlorobenzoate and
3-nitrobenzoate. In further optimization experiments involving
regression analysis of calibration data 10 mM 3-nitrobenzoate
(e=22,387Lmol 'em™'; A=215nm) was selected as the

BGE UV-absorbing ion since it afforded the best sensitivity of
detection and good symmetry of analyte peaks.

3.2. Selection of the internal standard (1.5.)

The L.S. should be selected among chemical substances hav-
ing molecular structure similar to that of the analytes and, in
particular, showing minimum UV absorption at the detection
wavelength in order to give a negative peak alike the polyols
detected. Out of five compounds tested (azelaic acid, itaconic
acid, maleic acid, dulcitol and xylitol) xylitol (1 mg mL ") was
chosen as the optimal I.S. migrating faster but close to the ana-
Iytes.

3.3. Selection of optimum pH

In CZE ionic species are separated according to their charge
and size. The pH of the BGE affects the effective charge of the
analytes and therefore the electrolyte pH is an important fac-
tor influencing the resolution and sensitivity. Since the sugar
alcohols are very weak acids (their pK, values range between
12 and 14; pK,=13.6 for SO [16]) strongly alkaline elec-
trolyte solutions of pH > 12 were used earlier to convert them
to anions and to promote their electro-migration in CZE anal-
ysis. For example, 0.25 M sodium hydroxide was used as BGE
for the CZE separation of sugar alcohols with direct electro-
chemical detection [25]; the application of BGE of pH 12.1
with reverse direction of the electroosmotic flow (EOF) and
indirect UV detection was also reported [14,16]. The migra-
tion times of polyols tended to be rather long (22.9, 23.2 and
23.5min for MA, SO and XY, respectively, at 20°C and 36
to 38 min at 15°C) under these conditions and the analytes
migrated poorly resolved [16,14]. As mentioned above the ion-
ization constants of the H[B(sorbitol);] and H[B(mannitol);]
acids reported in [29] as pK, 6.07 and pK, 6.21 indicate that
conventional CZE at slightly alkaline and moderate pH might
be suitable for separating the borate—polyol complexes. Borate
buffers with different pH values ranging from 8.5 to 9.7 were
tested as BGEs. Even though the time of separation was shorter
with BGEs of pH 8.8-9.1, pH 9.3 was selected as optimum
because of higher sensitivity, better peak resolution and base-
line stability (a baseline disturbance occurred at pH>9.5). The
higher migration time of MA compared to SO is probably asso-
ciated with the higher stability of the [B(mannitol);]~ complex
[29].

Finally, CZE with indirect UV detection at 215 nm was used
for the selective assay of mannitol, sorbitol and xylitol in the
form of anionic borate—polyol complexes. The separation was
carried out at 25kV and 25 °C with a fused silica capillary (total
length 60 cm, effective length 50 cm, I.D. 50 pm). The optimized
BGE was 50mM tetraborate buffer (pH 9.3, adjusted with-
TEA) containing 10 mM 3-nitrobenzoate as the chromogenic
co-ion. Samples were injected hydrodynamically at a pressure
of 35 mbar for 8 s. Under these conditions the time of complete
separation of SO, MA and 1.S. is relatively short; the mean val-
ues of the migration times were estimated as 10.6 min for XY,
11.4 min for SO and 12.5 min for MA.
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Fig. 1. Electropherogram of standard mixture of polyols; MA, mannitol; SO,
sorbitol; XY, xylitol (1 mg mlL~! of each); BGE: 50 mM sodium tetraborate
(adjusted to pH 9.3 with TEA) and 10 mM 3-nitrobenzoic acid; hydrodynamic
sampling at pressure of 35mbar for 8s; detection at 215 nm; applied voltage
25kV; temperature 25 °C.

The electropherogram of a prepared standard mixture of the
three sugar alcohols is presented in Fig. 1.

The effective mobility values uq for each borate—polyol
complex in the optimum BGE of pH 9.3 were calculated by
using appropriate equation [22]. These values are summarized
in Table 1 together with previously published u.f data for
borate—polyol complexes separated by capillary isotachophore-
sis (ITP) with leading electrolyte of pH 8.1 [20] and for
noncomplexed polyols migrating in BGE of pH 12.1 (with rever-
sal direction of the EOF and indirect detection) [14]. It can be
clearly seen that the effective mobilities of the analytes migrat-
ing in our system are approximately by one order of magnitude
higher compared to parent polyols partially ionized at pH 12.1
and about three times higher compared to the uerr values of cor-
responding borate—polyol complexes migrating under the above
mentioned ITP conditions.

3.4. Validation of the method

The CZE method was validated after developing and opti-
mizing the electrophoretic system. System suitability (SST) and
validation parameters were evaluated according to International
Conference on Harmonization (ICH) guideline recommenda-
tions [23,24]. The method validation covers system suitability
(efficiency of the separation, repeatability, resolution and asym-
metry) and the estimation of validation parameters such as
accuracy, precision, selectivity, linearity, LOD, LOQ and short-
term stability. The RSD values were calculated for repeated
standard solution sampling to check the method repeatability
as well as for repeated injections of samples of infusion solu-

Table 1
Effective electrophoretic mobilities of borate—polyol complexes and parent
polyols

Analyte U [1079 m2 V=1571)

Xylitol —19.9* —7.18 —0.86°
Sorbitol —21.22 —8.2b —1.18¢
Mannitol —22.7* —7.4° —1.34¢

2 This paper, borate complexes, pH 9.3.
b Ref. [20], borate complexes, pH ~8.
¢ Ref. [14], parent polyols, pH 12.1.

tions to check the method precision. Accuracy was evaluated by
analysing three spiked placebo solutions with two injections of
each spiked solution. Linearity was confirmed in the concentra-
tion range 0.2-2.0 mg mL ! of MA and SO at five concentration
levels; the method of internal standard (xylitol) was used. The
LOD and LOQ values were calculated as a measure of the
method sensitivity by the signal-to-noise ratio routine. Selec-
tivity was checked by the comparison of electropherograms
obtained by the measurement of a standard solution and a solu-
tion of placebo (pharmacopoeial water for injections containing
no auxiliary compounds). Stability of standard solutions stored
at 4°C in darkness and at ambient temperature under normal
daylight illumination was examined. Initially concentrations of
freshly prepared standard solutions were determined and there-
after the changes of the concentrations were monitored during
next 3 days. Less than 1% relative decrease of concentration
is considered as a mark of the stability of the given solution.
Thus, the short-term stability of MA and SO was evaluated by
comparison of response factors of freshly prepared and stan-
dard solutions stored at 4 °C for 3 days in this case. The method
validation results are summarized in Table 2.

Table 2
Analytical and validation parameters of the CZE method
Mannitol Sorbitol
SST—parameters
Number of theoretical plates 26,460 9841
(00
Peak asymmetry® 1.04 0.98
Resolution® XY -S0=1.54 SO-MA=2.77
Repeatability—migration time 0.21 0.18
(intra-day RSD, %)®
Repeatability—migration time 0.68 0.80
(inter-day RSD, %)°
Repeatability—peak arca 1.15 0.74
(intra-day RSD, %)"
Repeatability—peak area 1.20 1.05
(inter-day RSD, %)°
Validation data
Precision (RSD, %)¢ 0.15 1.07
Lincarity—slope; SD of the 1.015;0.012 0.969; 0.015
slope
Linearity—intercept; SD of the — 0.006; 0.015 —0.037;0.019
intercept
Linearity—correlation 0.99981 0.99964
coefficient
Accuracy (%recovery) 100.4 99.2
(c=0.5mg mL~")
Accuracy (RSD, %) 1.62 1.50

(c=0.5mgmL™")

Selectivity No interference No interference

LOD (mgmL~1) 0.031 0.028
1.OQ (mgmI.~1) 0.093 0.085
Stability, ambient temperature, 0.68 0.70
St (%)

Stability, 4°C, St (%)P 0.80 0.72
dn=3.

b n=6.

¢ Six real samples, each analyzed in triplicate after dilution to contain 1 mg L.~
of the analyte; lincarity cvaluated at 0.2, 0.6, 1.0, 1.6 and 2.0 mg L~!, cach
calibration point measured in three replicates; accuracy: n = 3, each measurement
carried out in duplicate.
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Table 3
CZE determination of MA and SO in infusions

Preparation Nominal content (g L1 Found 4= RSD (% of nominal content) Student 7-test* (n=06)
CZE Todimetry [19]
Infusio mannitoli 10 100 101.0 £ 0.15 101.8 £+ 2.05 0.972
Infusio sorbitoli 5 50 100.6 + 1.07 101.4 + 1.64 0915
4 95% confidence level; 1, =2.228 (v=2n=2).
0.025 SO, its potential use in fast analysis of foods, beverages or cos-
xy SO metics containing relatively large amounts of MA and SO as
0.020 sweeteners or humectants may be anticipated. The proposed
5 CZE method could fully substitute the nonselective pharma-
< 00157 copoeial iodimetric assay of MA and SO in pharmaceutical
roducts [19].
0.010 & [19]
0.005 Jﬁ Acknowledgements
7 8 9 10 1 12 13 .
time [min] This work was supported by the Internal Grant Agency of the

Fig. 2. Electropherogram of the infusion solution (infusio sorbitoli); SO, sor-
bitol; XY, xylitol (I.S.); for separation conditions see Fig. 1.

3.5. Analytical applications

The CZE method developed was applied to the assay of MA
or SO in commercial infusion solutions (Fig. 2). In all instances
single-component preparations were analysed due to the fact that
MA and SO do not occur together in pharmacopoeial infusions.
The results obtained by the proposed CZE method together with
the results of pharmacopoeial iodimetric titration are presented
in Table 3 together with the results of the statistical Student z-
test. The Student #-test did not reveal any statistically significant
difference between the results obtained by the proposed CZE
and the reference method at 95% confidence level.

4. Conclusions

The proposed CZE method was successfully applied to the
determination of mannitol and sorbitol in hyperosmolar infu-
sion solutions. Whereas, the official pharmacopoeial HPLC
method [18] with refractometric detection for the analysis of
the bulk MO or SO requires operation of the separation col-
umn at 85 °C and the retention time of sorbitol is about 30 min,
the proposed method is much simpler and faster (the migration
times of the analytes do not exceed 13 min at ambient tem-
perature and no sample pre-treatment is needed). The retention
times typically exceed 20 min in other earlier published HPLC
methods used for the assay of SO, MA and other alditols in
foods and biological samples [1-3,5,6] except of [4] using ion
chromatography and polarimetric detection, where the separa-
tion of MA and SO is accomplished within 7 min. Moreover,
in papers [5,6] relatively complicated and lengthy (>30min)
derivatization procedures are required. Though the discussed
HPLC methods (except of [18]) show better sensitivity than the
proposed CZE with its LOQ values ~0.09 mgmL~! of MA or

Ministry of Health of the Czech Republic (Project No. NR8964-
3/2006) and by the Czech Ministry of Education, Research
Project MSM 0021620822.
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Abstract

Simple micellar electrokinetic chromatographic method was developed for the determination
of ketoprofen as the active substance and methylparaben and propylparaben as preservatives
in a semisolid pharmaceutical preparation. Separation was carried out with a fused silica
capillary (50 cm effective length x 75 pm 1.D.) at 30 kV and UV detection at 200 nm.
Optimized background electrolyte was 50 mM tricine buffer (pH* 8.3, adjusted with NaOH)
containing 30 mM sodium dodecyl sulfate as surfactant and 15 % (v/v) of methanol. Sodium
diclofenac was used as internal standard. Single separation took about 13 min.

Rectilinear calibration ranges were 100-2000 pg'mL™” for ketoprofen, 2-40 pgmL™” for
methylparaben and 1-20 pgrmL™ for propylparaben with correlation coefficients 0.9969,
0.9999, and 0.9944 respectively. Repeatability of the MEKC method was characterized by the

RSD values ranging between 0.77-2.15 % for peak areas and 0.52-0.73 % for migration times.
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The limit of detection at the S/N of 3 was 0.82 pgmL™ for ketoprofen, 0.38 ug'mL™” for
methylparaben and 0.53 pg-mL™” for propylparaben.

The MEKC method was applied to the determination of the active compounds in Ketoprofen
gel 2.5 %, Herbacos-bofarma Ltd., Bochemie Grouj
interferences from excipients present in the gel were observed. The recoveries ranged from
96.6 % to 103.9% using the standard addition technique. No statistically significant
differences were found when comparing the results with those of RP-HPLC method reported

in literature.

1. Introduction

Ketoprofen (KP) is a propionic acid derivative, namely 2-(3-benzoylphenyl)propanoic acid.
KP is a non-steroidal anti-inflammatory drug (NSAID) and it has shown anti-inflammatory,
analgesic and antipyretic activity in pharmacological studies [1]. Methylparaben (MP) and
propylparaben (PP) are effective antibacterial and anti-fungal agents that are commonly used
as preservatives in foods, beverages, cosmetics and pharmaceuticals [2]. MP and PP are used
together since they have a synergistic effect [3].

Recently KP was determined in tablets (by flow injection analysis [4]), gel (by HPLC [5-8]),
suppositories (by micellar liquid chromatography [9]) as well as in blood plasma (RP-HPLC
has been used [10]) or in wastewater (by LC-MS/MS has been performed [11]).

KP and six other anti-inflammatory drugs were also determined in pharmaceutical
preparations by CZE with UV detection (borate buffer of pH 8.15 containing 15 % of
methanol was employed) [12]. The comparison of capillary zone electrophoresis (CZE) and
micellar electrokinetic chromatography (MEKC) has been done for the determination of
different pharmaceuticals containing NSAIDs. The CZE method utilized phosphate buffer of

pH 8.0 and in the MEKC method has used borate buffer containing 40 mM SDS of pH 9.0
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was used. Both CZE and MEKC method were found to be suitable for the assay of anti-
inflammatory drugs [13].
Only two method (HPLC) for simultaneous determination of KP in the presence of MP and

ISR R DESN D 2nd PD hove PR
IOWICUZEe, Kr, VI aid rr nave not yet

been determined simultaneously by MEKC.
The aim of this work was the development of capillary MEKC method with UV detection for

the assay of KP, MP and PP in a multi-component pharmaceutical formulation.

2. Experimental

2.1. Instruments

All experiments were performed by using a computer-controlled P/ACE MDQ electrophoretic
analyzer equipped with a photodiode array detection system (Beckman Instruments, Fullerton,
CA, USA) and controlled by an integrated P/ACE Station Software (32 Karat Version 5.0)
package. A PHM-220 pH meter (Radiometer Analytical SDS, Lyon, France) equipped with
PHC2401-8 combined glass electrode calibrated with standard aqueous Radiometer buffers
was employed for the pH measurements.

Electrophoretic separations were performed in fused silica capillaries with total length of 60
cm, effective length 50 cm and L.D. 75pm), maintained at 20 °C. To activate a new capillary it
was rinsed with 1M NaOH for 20 min, 0.1M NaOH for 20 min and washed with deionized
water for 20 min. The capillary was conditioned with 1M NaOH for 10 min, 0.1M NaOH for
10 min and with water for 10 min daily before the first sample injection. The capillary was
washed with 0.1M NaOH and water between the runs.

The samples were injected hydrodynamically at a pressure of 50 mbar for 6 s. Detection was

carried out at 200 nm and all measurements were performed at a constant voltage of 30 kV.
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2.2. Chemicals

MP, PP, KP, tricine, sodium dodecyl sulfate (SDS) and methanol were obtained from Sigma—
Aldrich (Milwaukee, WI, USA); phosphoric acid, sodium hydrogen phosphate and sodium
hydroxide were obtained from Merck (Darmstadt, Germany). Sodium diclofenac (DF) was
obtained from Amoli Organics Ltd. (Mumbai, India).

A Millipore Milli-Q RG ultra-pure water was used for the preparation of the solutions.
Commercially available gel (Ketoprofen gel 2.5 %, Herbacos-bofarma Ltd., Bochemie Group

(Pardubice, Czech Republic) containing KP, MP and PP was analyzed.

2.3. Running Buffer

A 50 mM tricine buffer containing 30 mM SDS and 15 % (v/v) of methanol was used as
running buffer. It was prepared by dissolving calculated amount of tricine and SDS in ultra-

pure water. The pH* was adjusted to 8.3 by NaOH.

2.4. Standard and Sample Solutions

The model mixture for the development of the CZE method and for the optimization
experiments contained 625 pg'mL " of KP, 25 pg'mL ! of MP, 12.5 pg'mL "' of PP and 625
ng'mL ™" of DF as internal standard (L.S.). It was prepared by dissolving the compounds in 15
% (v/v) methanol.

Calibration solutions contained 100-2000 pg'mL "' of KP, 2-40 pg'mL ' of MP, 1-20 pg-mL "
of PP and 30 pg'mL " of DF (L.S.).

The ratios of analyte/L.S. peak areas were plotted against nominal concentrations of standards
to obtain calibration curves. The parameters of the equations of the calibration curves (slope,
intercept, correlation coefficient) were evaluated by linear regression.

Approximately 2 g of the Ketoprofen gel 2.5 % was weighed on analytical balance and treated

with 25 ml of 30 % (v/v) methanol; the mixture was stirred intensively for 5 min and
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thereafter it was sonicated for 15 minutes at 40 °C. The resultant mixture was centrifuged at
3000 rpm for 15 min. A 5-ml aliquot of the supernatant was diluted with water to 10 ml and

injected for analysis.

3. Results and Discussion

The aim of this work was separation and simultaneous determination of KP, MP and PP.
MEKC as a potent modified electrophoretic method allowing excellent separations of neutral,
hydrophobic or water insoluble species was used with respect to the acid base properties of

KP (acid), MP and PP (weak acids) with pK, 4.23, 8.30 and 8.23, respectively [14].

3.1. Method Optimization

3.1.1. Selection of the BGE

The separation can be optimized by selecting a suitable co-ion in the electrophoretic buffer.
Therefore we examined several electrolyte systems: borate buffer, phosphate buffer, borate-
phosphate buffer, TRIS adjusted subsequently by different sulfonic acids (MOPSO, HEPES,
MES, BES, ACES and TAPS), tricine, bicine and glycylglycine buffers. All mentioned
buffers contained 40 mM SDS as the surfactant. The pH* was adjusted to 8.5.

The compounds of interest migrated mostly in this order: MP, KP and PP.

The separation of MP and KP was unsatisfactory when the borate buffer was used. The
migration time of PP was relatively long and the peak shape was asymmetric. With the
phosphate buffer higher migration time (~ 25 min) of PP and improper baseline drifting was
observed. With the borate-phosphate buffer, high current (above 100pnA) was generated and
btained were asyminetric due to the electromigration dispersion.
voltage, the analysis time was prolonged significantly and no improvement in the results was

attained.
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For this reason, a biological buffer with lower co-ion effective mobility was examined
And thus the total analysis time has been reduced to about 15 min. However, the separation of

MP and KP was incomplete when TRIS-based buffers were tested (even TRIS+ACES or

Essential improvement of separation has been achieved when buffers based on tricine or
bicine were employed. The analysis took about 17 minutes, all compounds were separated to
the baseline and the baseline showed no inappropriate drifting.

Several additional modifications of tricine buffer (sodium cholate instead of SDS, acetonitrile
instead of methanol) brought no improvement. Therefore the tricine buffer with SDS has been

used for further optimization.

3.1.2. Selection of Internal Standard

Several compounds were tested as IS: ethylparaben, butylparaben, DF and ibuprofen.
Ethylparaben and ibuprofen were not sufficiently separated from KP. The migration time of
butylparaben was too long (increasing the total time of analysis). Thus DF migrating between

KP and PP was chosen as a optimum internal standard.

3.1.3. Effect of pH*

The buffer pH affects the ionization, the interactions between analytes and micelles and the
effective mobility of the analytes. Hence the effect of pH* 7.7 to 8.9 was examined in buffers
containing 50 mM tricine and 30mM SDS. At all pH* values (except of pH* ~ 8.9) all
compounds were fully separated. Best results were achieved at pH* 8.3. The effect of pH* is

demonstrated in Figure 1.
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3.1.4. Effect of SDS

The critical micellar concentration (CMC) of SDS is 8.2 mM [15]. The SDS concentrations
tested ranged between 10 and 60 mM and the buffer of pH* 8.3 contained 50 mM tricine and
20 % (v/v) of methanol. At higher concentrations of SDS (50 and 60 mM), the total time of
analysis was unsatisfactory. With decreasing concentration of SDS the migration times of all
analytes decreased. At < 20 mM SDS the quality of separation and peak shape deteriorated.
At 10 mM SDS the migration time of PP changed significantly and PP migrated faster then
DF. The optimal concentration of SDS was found to be 30 mM. The effect of SDS is

illustrated in Figure 2.

3.1.5. Effect of Buffer Concentration

While keeping other parameters constant (30 mM SDS, 20 % (v/v) of methanol, pH* 8.3, 30
kV, 20 °C), the effect of 20-60 mM tricine was examined. Migration times and current
intensity increased when increasing the concentration of tricine but no significant
improvement in the quality of separation was achieved. The best results in terms of the time

of analysis, resolution of analytes and the current generated were obtained with 50mM tricine.

3.1.6. Effect of Methanol

It is known that the content of methanol in BGE affects analysis time, peak symmetry and
resolution and — of course — solubility of analytes. With the increasing methanol content in the
BGE from 0% to 30% (v/v) the migration times of the analytes increased.

The optimum was found to be 15% (v/v) of methanol. With lower content of methanol shorter
migration times were achieved but the resolution of all analytes deteriorated. If the separation
was performed with higher content of methanol no improvement of the resolution of analytes
was attained while all the migration times increased. PP and DF has comigrated when 30 %

(v/v) of methanol was used. The effect of the methanol content is shown in Figure 3.
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3.1.7. Addition of cyclodextrins

As the type and concentration of selectors are important conditions in CE separations the
effect of a- and B-cyclodextrin was studied.

The separation quality was not significantly influenced by the addition of a-cyclodextrin into
the BGE. Some interesting effect was observed when 5 to 15 mM B-cyclodextrine was added
into the BGE. With the 5-10mM B-cyclodextrin migration times of MP, KP and DF increased
but the migration time of PP decreased. The migration order of PP and DF was reversed in the
BGE with 15 mM B-cyclodextrin but the reproducibility deteriorated. No cyclodextrin was

used for the further optimization.

3.1.8. Effect of Voltage

The applied voltage ranged between 20 and 30 kV. The peak shape, resolution, generated
current and migration times were evaluated. As expected with the increasing voltage
migration times decreased while the current intensity increased. The resolution was
unaffected. For the analysis 30 kV voltage was used. This value permitted shorter analysis

time while the current intensity was still acceptable.

3.1.9. Effect of Temperature

The effect of temperature was examined between 20 and 30 °C. Unsurprisingly with the
increasing temperature, migration times decreased and the baseline drifting was more
pronounced. Finally the temperature of 25 °C was selected to avoid high current intensity

values and baseline noise.

The final optimum conditions for the separation were: 50mM tricine buffer (pH* 8.3)

containing 30mM SDS and 15 % (v/v) of methanol. The separation was carried out at 30 kV,
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20£0.1 °C and the UV detection wavelength was set at 200 nm. The electropherogram of a
standard mixture of MP, KP, DF and PP is shown in Figure 4.

The effective mobility values ueg for each analyte in the optimum BGE of pH* 8.3 were

ot s TTET Thace valiiee e iinin g Fe A ol 1
uaiion [10]. 1nCS¢ vaiues are sumimarizZea in 1aoic 1.

PR R, RS I TS S SIS
caiCuialcd oy using appropriat

3.2, Validation of the Method

The CZE method was validated after developing and optimizing the electrophoretic system.
System suitability (SST) and validation parameters were evaluated according to International
Conference on Harmonization (ICH) guidelines and recommendations [17]. The method
validation covers system suitability (efficiency of the separation, repeatability, resolution and
asymmetry) and the estimation of validation parameters such as accuracy, precision,
selectivity, linearity, LOD and LOQ. The RSD values were calculated for repeated standard
solution sampling to check the method repeatability as well as for repeated injections of
samples of gel extract to check the method precision.

Linearity was confirmed in the concentration range 100-2000 pgmL™" of KP, 2-40 ug-mL™"
of MP, and 1-20 ug'mL™" of PP at five different analyte concentration levels; the method of
internal standard (DF) was used. The LOD and LOQ values were calculated as a measure of
the method sensitivity by the signal-to-noise ratio routine.

The accuracy of the method was statistically checked by comparison of the results with those
of the standard official HPLC technique [6] with use of the Student’s #-test. No significant
differences were found between the results obtained by MEKC and official HPLC method for
the same batch of Ketoprofen gel 2.5 % at 95% confidence level.

Since appropriate placebo was unavailable the recovery was checked by the standard addition
technique, i.e., by analyzing six real samples spiked with a known amount of analyte and six
replicates of original non-spiked samples.

The method validation results are summarized in Table 2.
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3.3. Determination of KP, MP and PP in the Ketoprofen gel 2.5 % HBF
formulation

The method developed was used for the determination of the three analytes in Ketoprofen gel
2.5% HBF. The results were in good agreement with the nominal label content. Other
constituents of the gel (such as aromatic oil) did not interfere in the determination of the
analytes and no degradation products of preservatives were found. The results of the analysis

are given in Table 3. The electropherogram is shown in Figure 5

4. Conclusion

The proposed MEKC method permits the quality control of pharmaceutical preparations
containing KP, MP and PP as active substances in a single run. The total analysis time is <13
min using S0mM tricine buffer (pH* 8.3) containing 15 % (v/v) of methanol and 30mM SDS.
The method was validated and the results obtained were precise and accurate. The developed
method was successfully applied to the quantitative analysis of active substances in
Ketoprofen gel 2.5% and the results obtained were statistically compared with those of
published HPLC method [6] by the Student’s t-test. The t-values indicated the absence of
systematic errors at 95% confidence level. In comparison with the published HPLC method,
the proposed sample preparation is easier. The proposed assay shows lower sensitivity
compared to the HPLC method but it is still fully sufficient for the analysis of pharmaceutical

preparations containing KP, MP and PP as active constituents.
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Table 1 Effective electrophoretic mobilities of the analytes

Analyte Methylparaben | Ketoprofen | Diclofenac | Propylparaben

1107 m* V7 s [ -10.84 -14.02 -15.24 -18.00
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Table 2 Analytical and validation parameters of the MEKC method

Methylparaben | Ketoprofen Propylparaben
SST-parameters
Number of theoretical plates 48971 8772 49064
Peak asymmetry 0.90 0.62 0.86
Resolution MP - KP:4.84 | KP-DF: 2.28 DF —PP: 9.89
Repeatability - migration time® 0.73 0.52 0.72
(RSD, %)
Repeatability - peak area® 0.76 0.77 2.15
(RSD, %)
Validation data
Linearity — slope; SD of the slope | 0.2712 +0.0022 | 0.3087 +0.0140 | 0.3299 + 0.0202
Linearity — intercept; SD of the 0.0032 £ 0.0053 |3.2690+1.7285 | 0.0115+0.0251
intercept
Linearity — correlation coefficient | 0.9999 0.9969 0.9944
Linearity — Residual standard 0.0064 2.0824 0.0302
deviation
Accuracy (% recovery) 103.86 96.56 102.35
Selectivity No interference
LOD (ugml™) 0.38 0.82 0.53
LOQ (ugml™) 1.28 1.78 2.74
‘n=6
14

17y



Table 3 Results of MEKC determination of MP, PP and KP in Ketoprofen gel 2.5 % (n = 6)

Analyte Declared Found [¢/100 g] | Found [g/100 g] | Student t-test”
amount +R.S.D.% +R.S.D.% (n=6)
MEKC n=6 HPLC n=6
Methylparaben | 0.05 0.049+1.70 0.050+1.92 0.1235
Ketoprofen 2.5 249 +£0.52 245+1.90 0.4126
Propylparaben 0.025 0.027+1.87 0.026 +1.92 0.3900

* 95% confidence level; t. = 2.571; (v =2n-2).
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Figure 1 Effect of pH* on the migration time of the analytes; MP... methylparaben, KP... ketoprofen, DF...

diclofenac, PP... propylparaben;
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1 Figure 2 Effect of the SDS concentration on the migration time of the analytes; MP... methylparaben, KP...

2 ketoprofen, DF... diclofenac, PP... propylparaben;
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Figure 3 Effect of the content of methanol on the migration time of the analytes; MP... methylparaben, KP...

ketoprofen, DF... diclofenac, PP... propylparaben;
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Figure 4 Electropherogram of standard mixture of MP, KP and PP; MP... methylparaben (20 ug'mL ™), KP...
ketoprofen (1000 ug-mL™"), DF... diclofenac (30 ug'mL™"), PP... propylparaben (10 pg-mL"); BGE: 50mM

tricine, 30 mM SDS, 15 % (v/v) of methanol (adjusted to pH* 8.3 with NaOH);
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Figure 5 Electropherogram of Ketoprofen gel 2.5 %; MP... methylparaben, KP... ketoprofen, DF... diclofenac,

PP... propylparaben, x... compounds of essential oil; for conditions see Figure 4
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5.7.Priloha VI: Reprinty publikovanych postert
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VYv0oJ METODY ITP-CZE PRO SELEKTIVNi STANOVENI FENOLICKYCH KYSELIN
V ROSTLINNEM MATERIALU

Jikti SAFRA', MARIE POSPIiSILOVA', JIRINA SPILKOVA®

! KATEDRA ANALYTICKE CHEMIE, UNIVERZITA KARLOVA, FARMACEUTICKA FAKULTA, HEYROVSKEHO 1203, 500 05
HRADEC KRALOVE

? KATEDRA FARMAKOGNOSIE, UNIVERZITA KARLOVA, FARMACEUTICKA FAKULTA, HEYROVSKEHO 1203, 500 05
HRADEC KRALOVE

PRACE JE ZAMERENA NA OPTIMALIZACI METODY ON-LINE KOMBINACE KAPILARNI 1ZOTACHOFOREZY
A KAPILARNI ZONOVE ELEKTROFOREZY (ITP-CZE) VvV DVOUKOLONOVEM USPORADANI A JEJI APLIKACI NA
ANALYZU VYBRANYCH KONSTITUENTU V METHANOLICKEM EXTRAKTU ROSTLINNE DROGY. BYLO POUZITO
ELEKTROLYTOVE USPORADANIi BGE-S-BGE, KDY ZAKLADNi ELEKTROLYT vV CZE JE ODLISNY OD VEDOUCIHO
| KONCOVEHO ELEKTROLYTU V ITP. V RAMCI OPTIMALIZACE OPERACNIHO SYSTEMU ELEKTROLYTU v ITP BYLY
TESTOVANY CTYRI TERMINATORY (KYSELINA BORITA, HEPES, MES, P-NITROFENOL) A DVA RUZNE PROTIIONTY
VE VEDOUCIM ELEKTROLYTU (TRIS A IMIDAZOL). PRI OPTIMALIZACI SLOZENI BGE v CZE BYLY VYZKOUSENY
CTYRI RUZNE ANIONY (MOPSO, MES, HEPES A KYSELINA HYDROXYIZOMASELNA). V PRIPADE ZVOLENEHO CO-
[ONTU BYL SLEDOVAN VLIV PRIDAVKU KYSELINY BORITE A PH NA KVALITU SEPARACE.

CiLOVOU STRUKTUROU BYLY FENOLICKE KYSELINY. PRO POTREBY OPTIMALIZACE BYLA PRIPRAVENA
MODELOVA  SMES  DEVITI  KYSELIN  (KYSELINY  PROTOKATECHOVA, VANILOVA, KUMAROVA,
SYRINGOVA, FERULOVA, KAVOVA, CHLOROGENOVA, GENTISOVA A SKORICOVA). PRO DETEKCI ANALYTU BYLA
POUZITA UV DETEKCE PRI VLNOVE DELCE 270 NM. BYL VYBRAN OPTIMALNI CASOVY REZIM PRO PREVOD
ZAKONCENTROVANYCH ZON ZE SEPARACNI KAPILARY DO KAPILARY ANALYTICKE.

PRI VALIDACI METODY BYLA PROVEDENO TESTOVANI LINEARITY PRO PET KONCENTRACI V ROZMEZ{
JEDNOTEK AZ DESETIN uG-ML™' KYSELINY A HODNOTY KORELACNICH KOEFICIENTU SE POHYBOVALY V ROZMEZI
0,9977-0,9937. NALEZENY LOD BYL V ROZMEZi 10-60 NG-L"'. OPAKOVATELNOST MIGRACNICH CASU,
VYJADRENA JAKO RSD, BYLA VELMI DOBRA A S VYJIMKOU KYSELINY CHLOGENOVE NEPRESAHLA 1 %; N=6.
V PRIPADE OPAKOVATELNOSTI PLOCH PiK(l NEPREKROCILY HODNOTY RSD 5 %, OPET S VYJIMKOU KYSELINY
CHLOROGENOVE.

METODA BYLA POUZITA PRO ANALYZU FENOLICKYCH KYSELIN V METHANOLICKEM EXTRAKTU
Z ROSTLINNE DROGY HERBA EPILOBI. OPTIMALNI ELEKTROLYTOVY SYSTEM PRO ITP BYL: TE - 0,01M HEPES,
PH=82 A LE - 0,01M HCL, 0,02M IMI, 0,2% HEC, pH=7,2. OPTIMALNI ELEKTROLYTOVY SYSTEM PRO CZE
(BGE) BYL 25MM MES, 50MM TRIS, 30mMM H3;BO;, 0,2% HEC, PH=8,3. JAKO ROZPOUSTEDLO BYLA POUZITA
SMES VODY S METHANOLEM (4:1). Z LATEK Z MODELOVE SMESI BYLY V DROZE IDENTIFIKOVANY A STANOVENY
KYSELINY PROTOKATECHOVA, KAVOVA, GENTISOVA, SKORICOVA, KUMAROVA A FERULOVA. DROGA
OBSAHOVALA NEIVICE KYSELINY KAVOVE (0,65 MG/G PRASKOVANE DROGY) A NEIMENE KYSELINY SKORICOVE
(0,06 MG/G PRASKOVANE DROGY).

PRACE BYLA RESENA ZA PODPORY IGA MZCR, GRANT C. NL/7689-3 4 VVZKUMNEHO ZAMERU MSM
0021620822.
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Vyvoj ITP-CZE metody pro
selektivni analyzu fenolickych
kyselin v rostlinném materialu

Jifi Safra’, Marie Pospisilova, Jifina Spilkova?
! Katedra analytické chemie, Univerzita Karlova, Farmaceuticka fakulta,
Heyrovského 1203, 500 05 Hradec Kralové
? Katedra farmakognosie, Univerzita Karlova, Farmaceuticka fakulta,
Heyrovského 1203, 500 05 Hradec Kralové

VYSLEDKY A DISKUZE

Droga Herba epilobi je ziskavana 2 nadzemnich &asti nékterych druhix
rodu Epilobium (E. parvifiorum, E. montanum, E. roseum a E. collinum). Jde
o tradiéni drogou pro 1éSbu onemocnéni prostaty a dezinfekci mocovych cest.
Je pokladana predevsim za trislovinou drogu. V rostling vak Ize naiézt i jiné
Iatky, napr. steroly, flavonoidy i aromatické kyseliny. Na posledni jmenované,
coby lAtky s antioxidagni aktivitou, je zamérena tato prace.

CiL PRACE

Cllem prace bylo vyuzit on-ine kombinace kapilami izotachoforézy
(ITP) a kapilami zénové elektroforézy (CZE) pro analyzu vybranych latek ve
slozité rostiinné matrici a vyvinout pavodni systém selektivni pro derivaty
kyseliny benzoové a kyseliny skoficové a optimalizovat podminky pro jejich
kvalitativni a kvantitativni analyzu. Optimalizace se tykala predevsim
elektrolytového slozent a proudového rezimu analyzy.

EXPERIMENTALN{ CAST

ELEKTROLYTOVY SYSTEM PRO ITP

Byly vyzkouseny Elyfi razné terminatory. Jako prvni byla pouzita
kyselina borita. Tento terminator vsak vkladl velké naroky na aparaturu, roztok
v kapiléfe se zahfival, rostlo napéti a analyza se casto prerusovala. Daki
testované latky maly vyssi pohybllvos( nez kyselina borita. MES (u,=26,8)
nebyla pro pouZiti v terminatoru protoze migrovala rychleji nez
analyzované ltky. To se projevilo uby!kem poctu pikis v CZE. Také p-nitrofenol
(4,=23,95) migroval rychleji nez analyzované latky, navic pfi UV detekci
2nané absorboval To mélo za nasledek vznik nového vyrazného piku, ktery,
prekyval nékteré analyzované latky. Jako vhodna altemativa ke kyseling
borité se ukazal HEPES (u,=13,3). Pfi jejim pouziti se zaznam prakticky nelisil
od zéznami ziskanych pii uZiti kyseliny borité, zato naroky na pristroj byly,
polovicni.

Zména byla provedena také ve sioZeni LE, kde byl TRIS (pKa=8,1)
nahrazen imidazolem (pKa=7,1), coZ bylo vyhodné pro migraci aromatickych
kyselin. Nizsi pH LE také vedio ke zkraceni zony uhlicitand a tim i celé
analyzy.

ELEKTROLYTOVY SYSTEM PRO CZE
Vybér BGE

- zéklads pi‘edchozlch experimentainich méfeni na pracovisti bylal
E z ITP jako BGE pro elektroforézu. Proto bylo|

CiLOVE SLOZKY

Ciovymi slozkami byly latky s antioxidacni aktivitou ze skupiny,
fenolickych kyselin. Jednalo se o derivaty kyseliny benzoové a skoficové.
Jednotlivé latky absorbuji v UV oblasti.

zjiste Ea Tl
P e e je BGE zcela odligny od LE a

Pro danou smés slougenin jsem testoval &yfi rizné aniony. Tri z nich
(MOPSO (u=-238 pKa=679), MES (u=268, pKa=613) a HEPES
(u=218, pKa=7,51)) byl derivaty sulfonovych kyselin, &tvtym pak byla
kyselina hydoxyizomaselna (HIBA). Viiv anionu na rozdglenf smési standarda
byl testovan pfi pH=8,1.

HEPES Se neosvéddila, protoe separace v systému s ni byl
nedokonala, nékieré analyty migrovaly spolu. To mélo za nésledek mensf
poget piku na elektroforeogramu. HIBA, stejné jako MOPSO, vykazovala
2 hlediska poctu pikir lepsi sledky nez HEPES. | zde vsak byla patma
separace plki (zejména u pomaleich analytd). Nejlepsi

Vliv pH

Pro systém s MES byla provedena optimalizace pH s clem ziisti
optimalni hodnotu. Hodnotil Se predevsim pocet a tvar jednotivych piki.
Jednotliva méfeni probshla pro hodnoty pH 7,71; 7,89; 8,10; 8,31 a 8,50. Nizsi
hodnoty pH (7,71 a 7,89) nebyly 2 uvedenych hledisek vhodné, dochézelo k

Sich analytu. Od pH 8,10 byl jiz patmy trend
ke zlepSovani, piicem? nejlepsiho rozdslent bylo dosazeno pii pH 8,31. Pfi pH

Vliv kyseliny borité

Koncentrace kyseliny borité v zakladnim elektrolytu vyznamné ovliviiuje

R4, COOH 2
1| R2 R3 R4 separace bylo dosaZeno v systému s MES.
RS [ & OH [OH [H [4u
R1 | ksyringova OCH; | OCH; |OH |4,
R2 [k vanilova OCH; [OH [H .
| k_gentisova OH [H H OH |2
S COOR, i fada
1 [R2 [R3
SKoficova H
RY ferulova CH; | OH | H ocliseg)
Kavova H_|[OH |H
R Ik pkumeroa H 8,50 byla separace podobna stavu pfi pH 8,31.
chlorogenova |OH | OH | HO _COOH
OH
OH miru komplexace latek s

dvémi vicinanimi hydroxylovymi - skupinami.

PRISTROJE

Mafent byla provadéné na elektroforetickém analyzatoru EA 100 (Villa
Labeco CS, Spisskd NovA Ves, SR) v dvoukolonovém usporadani.
B e
(délka 9,0 cm, LD. 0,8 mm) byla vybavena vodvostnim detektorem
umisténym ve vzdalenosti 38 mm od rozdélovaciho bloku. Analyticka kapilara|
(ka0 i g0 Ton) ympeia oS A SRS e
vinovou délkou detektor|
[0 2085, Erom spol. 0., Praha). Pro reprodukovateiné davkovani vzorku
byl pouzivan davkovaci kohout na 30 mL). Vyhodnoceni méfeni byla
provadéna pomoci softwaru ITP Pro32 (KasComp, SR) a Microsoft Excel.

CHEMIKALIE

U e e
EC, k. MOPSO, TRIS
e e e R e e e S
HEPES, imidazol a MES byly dodany firmou Fuka. Kyselinu boritou
a p-nitrofenol vyrobila Lachema Brno.
Vzorek (Herba epilobi panvifor., 50g, surovina pro bylinny ¢aj, Natura)
byl zakoupen v Lékamné Pharmaceuntrum, BFi. Stefani 895, 500 02 Hradec
Kralove.

ROZTOKY STANDARD U
A ELEKTROLYTOVE SYSTEMY

Roztoky standardi (0.2 mg/mL) byly pfipraveny rozpusténim
jednotlivych standardd v methanolu a naslednym nafedénim vodou tak,
obsahovaly 20 9% (vv) methanolu. Také jednotlivé elekirolytové systémy
obsahovaly 20 % (v/v) methanolu.

PRIPRAVA ROSTLINNEHO EXTRAKTU

Droga byla upraskovana pomoci kuchyfiského mixéru. K 1,5 g takio
upravené drogy bylo pfidano 50,00 ml methanolu a smés se nechala
extrahovat po dobu 30 minut v ultrazvukové I4zni v uzaviené bafice. Po
uplynuti doby extrakce byla suspenze Zfitrovana pres suchy papirovy fir.
Tento zasobni roztok byl pak podle potfeby nafedén tak, aby

kyselin ma strukturn predpoklady pro tvorbu
boratowjch komplexii kyselina kévova, protokatechova a chlorogenova. Pro
Zjsténi viivu kyseliny borié v BGE na separaci ldtek jsem proméfil sedm

OPAKOVATELNOST

Proovéfeni reprodukovatelnosti migranich &asti a ploch pika bylo
provedeno Sest méfeni. Reprodukovatelnost Gasu je velmi dobra, pro
|ednmllvé analyty (kromé k. chiorogenové) nepresahuje 1 procento. Steiné tak

rodukovatelnost ploch pikis je uspokojiva, prakticky nepresahuje pét
pmcem Vyjimkou je kysellna chlorogenova, ktera zejména u plochy vykazuje
wyrazng horsi reprodukovatelnost, ne ostatni kyseliny. To patmé souvis s jeji
strukturou (napF. velikosti molekuly).

DETEKENJ LIMITY

Detekéni I|mn (LOD) byl stanoven nejcastéjsi pouzivanou metodou 35/
N (s... signal, N... sum). Nejnizsi detekni limit vykazovaly kyselina skoficova
(0,005 mglml) a k. kumarova (0,010 mg/mi). Detekéni limit se dale zvySoval
v poradi: k. ferulova (0,021 mg/mi), k. syringova (0,026 mg/ml), k. kavova
(0,034 mg/mi), k. protokatechova (0,041 mg/mi), k. vanilova (0,044 mg/m).
Nejvy3si detekéni limit vykazovala k. chlorogenova (0,061 mg/mi).

KVALITATIVNI ANALYZA

K.skoficova

.

K.vanilov
Aztonm K.kumarova
L X K.syringova
K Kavové+gentisova

K.protokatechova _Kferulova

“_K.chlorogenova

" a2
© 2 p » = M Eym—,
Elektroforeogram smési standardi
K kumarova
K.skoficova
Agroom
K.kavové+k gentisova
N K.ferulova

K.protokatechova

riznych koncentraci této kyseliny v BGE. Tyto byly
0 mM (BGE neobsahoval zadnou kyselinu boritou), 10 mM, 15 mM, 20 mM, 30
mM, 40mM a 50 mM. V/ nepfitomnosti kyseliny borité byly prvni dva analyty

(pozdgji i jako k. a kavova) zp: y
A B i e e e

Jiz od pridavku 10 mM kyseliny borité byl znét jeji viiv na separaci
prvnich uvedenych kyselin, které se presunuly na zatatek zaznamu. To|
znamend, ze komplexace k. protokatechové a kavové s kyselinou boritou
vedla ke zkrceni jejich migracnich cast. Komplexace kyseliny chiorogenové
nezpisobila zménu poradi jeji migrace, tzn. Ze tato kyselina se i ve forme|
Komplexu separovala jako posledni z analytd. Obdobné separace probihala pfi
koncentracich 15 a 20 mM k. borité. P¥i dalim zvySeni koncentrace kyseliny
borité na 30 mM byla separace relativné nejlepsi. Od koncentrace 40 mM|

a3 z

R ming”

Elektroforeogram rostlinného vzorku

KVANTITATIVNI ANALYZA

k. borité dochézelo ke zhorSeni separace. Soucasné se vzrisstajici
kyseliny borité dochézelo i k prodiuzovani trvéni CZE faze, tak jak se
2vySovala iontova sila roztoku.

Jako optimalni byla zvolena koncentrace 30 mM K. borité.

Vliv cyklodextrin @
Pro zjisténi viivu cyklodextrinii na separaci sledované smési byly

pouzity cyklodextriny a a B v koncentracich 5, 10 a 15 mM. Co do kvality
a podtu piki se jako priznivéjsi jevil AT e IR T
1

Nejlepsi rozdaleni bylo mM, u
5 mM .15 mM Sochrelo K nedokonalé separaci i zhorSovani tvard pku.

PROUDOVY A €ASOVY REZIM

Kritickym bodem celé analyzy je okamzik, kdy dochézi k prechodu
zakoncentrovanych analyti do analytické kapiléry a zméné elektrolytového
systému. K optimalnimu proudovému a casovému rezimu jsem dosel
proméfeni fady riznych nastaveni proudu a asu. Vysledny proudovy,
a gasovy rezim jsem zaznamenal do nasledujici tabulky.

20 9 (viv) methanolu.

Krok | Proud Trvani Kapildra
1 200 pA 100 s od CO;>
TP
2 100 pA 70s
prepnuti proudu
prechod | 3 ‘ 50 pA ‘ ‘ separacni
preruseni proudu a zména elektrolyti
| 4 ‘ 50 pA ‘ %0s ‘
czE separaéni
[ i e vay |

Analyt obsah analytu
(mg/g drogy)

K- protokatechova

K_KAvOva + gentisova * 0,65

K. skoficova 0,06

K. kumarova 028

K. ferulova 013

wyjadreno jako obsah kyseliny kévové

PODEKOVANI

Prace byla feSena za podpory IGA MZCR, grant & NL/7689-3
a Vyzkumného zaméru MSM 0021620822.
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DETERMINATION OF CAPTOPRIL IN PHARMACEUTICALS BY CAPILLARY
ELECTROPHORESIS

Mirnaalav Dalasalk  liri Safen
wirgsiav roiasex, vifi oaira

Marie Pospisilova, Charles University - Prague, Faculty of Pharmacy Department of Analytical Chemistry, Hradec Kralove 500

085 Czoch Bans l«l
o, LZeCn mepulii

Objective: To devise a capillary zone electrophoretic method (CZE) with indirect UV spectrophotometric detection suitable for
selective assay of the content of the hypertensive drug captopril in four commercially available pharmaceuticals. Methods: The
weight of pulverized tablets equivalent to 100 mg of captopril was sonicated with 80 ml of water for 15 min, the suspension was
diluted to 100 ml and filtered through a sintered glass filter No. 4. Then 10 ml of this solution was transferred to 25 ml volumet-
ric flask, 5 ml of internal standard (L-glutamic acid, 0.5 g/I) was added and diluted with water to the mark. After filtration through
a membrane filter Millex (0.22 pm) the test solution was analysed by CZE. A computer-controlled PrinCE 650 capillary elec-
trophoresis system (Prince Technologies B.V., The Netherlands) equipped with UV — VIS detector LAMBDA (Leonberg, Ger-
many) and WinPrinCE software was used. The optimal operational electrolyte system consisted of 10 mM a-naphthylacetic acid
adjusted to pH 7.8 with TRIS. The separation capillary was a fused silica tube (50um I. D., total length 60 cm, 45 cm to the detec-
tor) maintained at 25 ©C. The separations were performed at the applied voltage of 30 kV. Samples were injected hydrodynam-
icaily at a pressure of 50 mbar for 4.8 s. Detection was carried out at 280 nm. Resuits: The calibration curve was iinear from
0.1 to 1.0 g/l of captopril (r = 0.99981) and RSD was 1.5 % at the 0.5 g/l level (n=6). The LOD and LOQ were 7.7 mg/ | and 25.8
mg/ | respectively. A single analysis took 5 min. The method was suitable for determining captopril in Alkadil tablets, Apo-capto
tablets, Capoten tablets and Tensiomin tablets (nominal content 25 mg/tbl, 12.5 mg/tbl, 25 mg/tbl and 50 mg/tbl) with RSD val-
ues ranging between 0.3-1.0 % (n=3). The recoveries of captopril were 99.6-101.5% (n=4). Conclusion: The developed CZE
method for determination of captopril in four pharmaceuticals is characterised by good linearity, reproducibility, sensitivity and

anpurany whinh tnnathar with shart Hima of analuais (ahaiit § min) and ranid and aasy samnla nranaratinn maka thic mathad
accuracy, wniCn ogeiner with SNoIt time OF anaiysis {adlut o Min; and rapiG and Sasy sampie preparaitn maxke s meincd

suitable for routine analysis of given pharmaceuticals. The work was supported by the Internal Grant Agency of the Ministry of
Health of the Czech Republic, No. NL/7689-3 and by the MSM Project 111600001 of the Czech Ministry of Education.

Keywords: Capillary Electrophoresis, Method Development, Pharmaceutical, Validation
Appllcatlon Code: Pharmaceutical
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C APTOPRIL (CAP!
<> - The thiol-containing hypertensive drug

A N CH3

SH

COOH

N

O

PKa = 4.2

- Several papers dealing with spectrofluorimestyip-
ping voltammetry, flow and sequential-injection sfpe-
photometric method were published for determinifi
CAP in pharmaceuticals [1-3]

[1] Chen, YH. et co, Talanta 23 (2003) 855.
[2] lonnides, X. et co, J. Pharm.Biomed. Anal(3803) 309.
[3] Tzanavaras, PD et co, Microchim. Acta 14203055.

DETERMINATION OF CAPTOPRIL IN PHARMACEUTICALS

BY CAPILLARY ELECTROPHORESIS

MARIE POSPISILOVA, MIROSLAV POLASEK AND JIRL SAFRA

Analytical Chemistry Department, Faculty of Pharmacy, Charles University, Heyrovského 1203,

€Z-50005 Hradec Krdlové, Czech Republic

Objective 2
To develop and Vvalidate CZE method
with _indirect UV detection at 280 nm

for determining of CAPTOPRIL in mass-
produced pharmaceutical preparations in the
form of tablets

STRATEGY OF THE WORK
= Testing of qualitatively different buffers
- Optimization of operating conditions

= Finding out fundamental qualitative
electrophoretic characteristics for the druc
standard

= Investigation of selected
parameters of CZE meto

= Devising optimum procedure for sample pre-
treatment before the CZE measurements

= Application of CZE method for checking
pharmaceuticals

validatiol

Results — Optimisation of electrophoretic conditions 4

tal conditions

Effect of pH, A - CAP,m- IS

Operating electrolyte and the relevant data

The i concentration,* UV-
lytes, * type of internal standard *additionwf -cyclodextrin, *methanol content, * separatiomferature, * voltage

BGE: 10 mM a-naphthylacetic acid adjusted to pH 7.8 with TRIS

IS: L-glutamic acid; Indirect UV detection at 280 nm

Selected analytical for CAP

Electrophoretic mobility 22.9 (1 m? v1sY)

Separation efficiency N =21970; H = 20.5 pm

System precision, (n = 6) RSD = 1.49 % (area), 0.58 % (time)

LOD; LOQ 7.7mg L5 258 mg L1

CZE assay of CAP in formulations 7

CZE determination of CAP in tablets (n = 4)

species * pH of electro-

tmin)

0 5 10 15 20 2 30 35

© fmmotn)

Effect of BGE concentration, A - CAP, m - IS

5 Calibration ¢

Regression parameters of calibration
curvey = ke +q

Slope k =6.961 +0.067
Intercept q =-0.117 +0.041
Correlation coeff. r=0.99981
Number of points n=6

* calibration range 0.1-1.0 g L'Y;

*y = CAP peak area/IS peak area; ¢ =
concentration of CAPin g L

* each concentration was measured i
triplicate

CZE recovery of CAP added to the pharmaceutical

Formulation’ Declared content CZE found + RSD Formulation Added Found RSD(n =4) Mean recovery
(mg I") (mg %) %) (%)
Tensiomin tablet 50 917£048 Tensiomin tablet 4000 40432 066 001
Capoten tablet % 2522032 Capoten tablet 4000 40376 051 1009
Alkadil tablet 25 24.4510.96 Alkadil tablet 400.0 398.52 037 996
Apo-capto tablet 125 1218087 "Apo-capto tablet 3000 40588 041 1015

®  Acknowledgement

® Abstract Number: 540—14 P

Experimental 3

O Instrt ion. Capillary resis was perbrmed on
a PrinCE 650 instrument from Prince Technologies BZ, Ne-
therlands with Bischoff HPLC spectrophotometric deector
LAMBDA 1010, Germany and WinPrinCE software DAX
6.0. The 50um I.D. uncoated fused silica capillary was used.

O Chemicals. Captopril, Aldrich Chemie, USA, the purty cor-
responds PhBs 2002.

O Pharmaceuticals: Tensiomin tablets, Capoten tabletsAlkadil
tablets, Apo-capto tablets

O All chemicals purchased from SIGMA-ALDRICH were of
analytical grade.

0O A Millipore Milli-Q RG ultra pure water was used for the
preparation of the electrolytes and stock solutionsAll solu-
tions were filtere through a 0,45 um filter Millex, Millipore,
U.S.A.

* Extraction of CAP from tablets: The weight of pulverizec
tablets equivalent to 100 mg of captopril was soréted with
80 ml of water for 15 min, the suspension was dilatl to
100.0 ml and filtered through a sintered glass fitr No. 4,
Then 10.0 ml of this solution was transferred to 2%nl volu-
metric flask, added 5 ml of the IS (L-glutamic acid 0.5 g *)
and diluted with water to the mark. After filtratio n through
a membrane filter Millex, 0.22 pm, the sample wasrealysed

by CZE.
]
H
0.06° -
.
5

T
o 2

8 Amau 8

captopr

timin)

Electrophoreogram of Capoten tablet

Conclusions 8

Capillary zone electrophoresis (CZE) with indi-
rect UV detection at 280 nm was used for selec-
tive assay of captopril as the active compone
in pharmaceutical preparations. The assay ¢
CAP was carried out at 30 kV with 60 cm :
0.050 mm 1.D. fused silica capillary (effectiv
length 45 cm). Samples were loaded hydrody-
namically at a pressure of 5 kPa for 4.8 sThe
optimal operational electrolyte system consis-
ted of 10 mM [alpha]-naphthylacetic acid ad-
justed to pH 7.8 with TRIS. The calibration
curve was linear from 0.1 to 1.0 g/l of captopr
(r = 0.99981) and RSD was 1.5 % at the 0.5
level (n=6). LOD and LOQ were found of 7.
mg I and 25.8 mg . A single analysis took
min. The method was suitable for determining
captopril in Alkadil tablet, Apo- capto tablet,
Capoten tablet and Tensiomin tablet (nomine
content 25 mg/tbl, 12.5 mg/tbl, 25 mg/tbl an
50 mg/tbl) with RSD values ranging betwee
0.311.0 % (n=4). The recoveries of captopr
were in the range of 99.6-101.5% (n=4).

The work was supported by the Internal Grant Agesfjre Ministry of Health of the Czech Republicp NL/7689-3 and by the MSMroject 002162082

of the Czech Ministry of Education
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ANALYZA VYBRANYCH ANORGANICKYCH IONTU
V BIOLOGICKEM MATERIALU POMOCI CZE

SAFRA JIRi ', POSPISILOVA MARIE !, CHLADEK JAROSLAV 2

' Farmaceutick4 fakulta UK - Katedra analytické chemie, Heyrovského 1203, 500 05 Hradec
Krélové, safraj@faf.cuni.
? | ékar'skd fakulta UK — Ustav farmakologie, Simkova 870, 500 38 Hradec Krélové

Kapildami elektroforéza je v poslednim desetileti rychie se rozvijejici technika
voblasti anorganickych analyz. Ma znaény vyznam pro béznou praxi
v laboratofich zabyvajicich se environmentélnimi, biomedicinalnimi, klinickymi,
forenznimi a industrialnimi analyzami [1]. Moznych zplsobl detekce je nékolik,
napf. pfima a nepfiméa UV detekce, elektrochemicka apod. Uziti pfimé UV detekce
pro detekci anorganickych iontl je vyhodné zejména pro jeji selektivitu v(ici
nékolika malo absorbujicim anorganickym iontim (napf. NOs, NOy). Zfejmé
nedostatky (napf. niz&i citlivost zplsobena kratkou optickou drahou) [2].

Cilem préace je vyvinout CZE metodu pro analyzu tfi anorganickych iontd (CI, NOs'
a NO;) v biologickém materialu dodaném Lékaiskou fakultou UK v Hradci
Kralové. Jedna se o kondenzat vydechovaného vzduchu, v némz Ize nalézt latky
odrazejici probihajici zanét (NOs a NO). Pritomnost chloridd mize byt pouzita
jako marker diluce. Obsah iontl v daném materialu je velice nizky a pohybuje se
v jednotkach az stovkach umoll. Biologicky plivod analyzovaného materidlu je
pfi¢inou znaéné variability obsahu testovanych iontd.

V préaci bylo vyzkou$eno nékolik elektrolytovych systémd, poskytujicich vhodné
absorpéni pozadi. Jednalo se o 2 6-pyridindikarboxylovou kyselinu, kyselinu
benzoovou a chroman draseliny.

Jako optimalni byl vybran elektrolyt o sloZzeni: 7,5 mM chroman draseiny, 0,5 mM
CTAB, pH=9. Analyzy probihaly v kfemenné kapilafe o priméru 50 um, celkové
délce 100 cm a separadnim napéti -20 kV. Detekce probihala pfi vinové délce
380 nm. Na modelové smési standard( bylo dosazeno separace tfi sledovanych
aniontd na zakiadni linii.

CZE metoda byla aplikovana na analyzu jedenacti realnych vzorkl, kdy byla
zjisténa znagna variabilita obsahu danych analyti. Citlivost metody byla
dostate¢na pro analyzu chloridd, v pfipadé dusitani a dusiénand problematicka.
Zpusob pfipravy redinych vzorkd (off-line prekoncentrace) i metoda CZE budou
proto dale optimalizovany.

Tato prace je feSena za pfispéni GAUK 306/2005 BCH, Vyzkumného z&dméru
MSM 0021620822 a MSM 0021620820.

Literatura:

[1] TIMERBAEV, A.R., Electrophoresis 2004, 25, 4008-4031
[2] PAULL, B, KING, M., Electrophoresis 2003, 24, 1892-1934
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Analyzované latky

Anorganické kationty a anionty hrajiiZitou roli z hlediska sloZeni biolo-
gickych tekutin. Zjiséni odchylek od normalnich koncentrdch hladin &chto l14-
tek v daném biologickém médiu je velmi uZiteé vdiagnéze onemo@mi jako
jsou diabetes, jaterni a ledvinové dysfunkce a pbyusrdéni ¢innosti. Resne¢
stanoveni koncentraci danych analje Zadouci a v klinické praxi se rutinyu-
Zivaji standardni analytické metody AAS, AES a ISGvoj alternativnich a mo-
dernich analytickych metod pra:ély spolehlivého stanoveni anorganickych ic
je proto zadouci.

Cilovymi latkami této prace jsou anorganické ionkteré slouzi jako indi-
kator probihajiciho z&tu v €le (NO; a NO,) a jako potencialni marker dilu
daného biologického materialu (Llkterym je v nasemifpads dechovy konden-
zat.

Strategie prace

1. Zvoleni separ@i elektromigrani metody (CZE)

2. Testovani i riznych ovych systéimpro negimou
detekci analyzovanych ioint(piima UV detekce neni prost§inu anorga-
nickych ionfi moznéa)

3. Optimalizace sepataich podminek (napi, separani draha, vinova dél-
ka...)

4. Aplikace systému na realné vzorky

EXPERIMENTALNI CAST
Pouzity p¥istroj

Prace probiha na elektroforetickém analyzatoru ioshyf Prince Technolo-
gies s DAD a obsluznym softwarem DAx-3D od firmyrvMierlo Software Con-
sultancy.

Chemikalie

V38echny pouzité chemikalie bylyitly cistoty pro analysis Kyselina benzo-
ova a 3,5dinitrobenzoova byla ziskana od firmy Lachema Bl@3AB a chroma
draselnyod firmy Aldrich, 2, boxylova my KochLight
Laboratories Ltd.

Vzorky dechového kondenzatu byly ziskany z Ustaaumiakologie Léki
ské fakulty Univerzity Karlovy v Hradci Kralové.

VYSLEDKY A DISKUZE

Na zéklad vysledki reSerde byl jako prvni zkousen elektrolytovy sy
s PDC (kyselina pyridindikarboxylova) o pH 8,0, ktesa v dostupné literate
pro anorganickou analyzu vyuziva veldasto. Pro potléeni elektroosmotickét
toku byl pouzit CTAB. Byla pouzitailemenna kapilara o vriitim paméru 50 um
a celkové délce 50 cm. Sepana nagti bylo 20 kV. Detekce probihalafg
254 nm.

Toto uspsadani nevykazovalo dobré vysledky, separace bytoseaténa.

W,
i

%

V BIOLOGICKEM MATERIALU POMOCICZE

Tuto skutgnost nezminila ani optimalizace koncentrace PDC 4B8WM)
a pH (510). Byla proto zvolena kapilara stéi délkou (100 cm). To se projev
znanym rozmyvanim zén jednotlivych analytcoz vzhledem k velmi nizkyc
koncentracim ifadow stovky mikromoi na litr u chloridi, jednotky aZ desitk
mikromola na litr u dusénani a dusitai) nebylo Gnosné.

Bylo proto poteba otestovat jiné elektrolyty, které by poskytlyodné ab-
sorbéni  pozadi pro analyzu. ZkouSeny byly kyselina benza
3,5-dinitrobenzoova a chroman draselny. Jako nejujsi se ukazal systém skla-
dajici se z7,5mM chromanu, 0,5 mM CTAB o pH 9,0 Separace sledovany
ionta byla na zakladni linii. Na zakladzaznani DAD byla jako nejvhod&si
vinova délka pro detekci zvolena délka 380 nm. Sapa probihalaip—25 kV.

Citlivost metody pro dushany a dusitany byla nizka, proto byly analyzo-
vany chloridy, které posky y spolehdi ikovatelnou odezvuNa snési
standard byly zmereny zékladni valideni parametry. Byla zjigha kalibrani
kiivka chloridi v rozmezi 50-40Qumol-I'*. Jeji rovnice byla: y = -2-10x - 5-10°
a korelani koeficient 0,9985. Opakovatelnost plochy chldrice snsi standard
byla testovana pro koncentraci 1a@hol-I* s RSD = 2,08%

A

No;
Noy

0,005 -

0,010

T T T T
2

&as (min)

Elektroforeogram susi standard

Systém byl aplikovan na jedenact redlnych viorRyla zjiSéna zn&na va-
riabilita obsahu danych anaiyt Friblizné u poloviny vzork byla koncentrac
chloridii dostateéna pro kvantifikaci. CZE metoda pro stanoveni doani a du-
sitani bude déle optimalizovana (napomocioff-line prekoncentrace). U vybra-
ného vzorku byla zjigna opakovatelnost plochy piku chloti®RSD=7,31 %.

dhighr TR

. 'le ]"y V i T

15
Cas (min)

Elektroforeogram realného vzorku
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DEVELOPMENT OF STACKING-CZE METHOD FOR ANALYSIS OF
PHENOLIC ACIDS IN PLANT EXTRACTS OF EPILOBIUM
PARVIFLORUM

Jiri Safra, Marie Pospisilova, Jan Hasek, Andrea Kavalirova

Charles University, Department of Analytical Chemistry, 05 Hradec Kralove,
Czech Republic

The phenolic acids (cinnamic, gentisic, p-coumaric, ferulic, vanillic, syringic,
caffeic and chlorogenic acid) were analyzed by capillary zone electrophoresis. On-
line analyte preconcentration was carried out by large volume hydrodynamic
injection followed by removal of the bulk of low conductivity sample-matrix by
polarity switching.

The optimal electrolyte system consisted of SOmM sodium tetraborate with pH 9.0
(adjusted by 0.1M phosphoric acid) containing 2 % of a-cyclodextrine. The
separations were carried out with a fused silica capillary (effective length 50 cm,
1.D 50 pm) at 200 nm.

The appropriate conditions for the preconcentration procedure were optimized by
varying the injection volume (99 sec for 100 mBar) and the polarity switching time
(1.0 min).

Under the optimized conditions, satisfactory calibration ranges (0.1-2.0 mg/ml,
R=0.9979-0.9995), detection limits (0.01 png/ml-0.025 pg/ml) and good
repeatability of the peak areas (RSD: 2.76-5.69 %, n=6) were achieved.

After validation, the developed method was used for the quantification of selected
constituents occurring in Herba epilobi. The method should be able to be used in
identification and quantitative evaluation of the crude drug.

Acknowledgements: This work was supported by the Grant Agency of Charles University No.
306/2005/BCH, Internal grant Agency of the Ministry of Health of the Czech Republic No. NL/7689-3
and by the MSM Project 0021620822 of the Czech Ministry of Education.
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DEVELOPMENT OF CZE METHOD FOR THE ANALYSIS
OF PHENOLIC ACIDS IN EPILOBIUM PARVIFLORUM
USING STACKING PHENOMENA IN ELECTROMIGRATION

* k ok

Jifi Safra, Marie PospiSilové, Jan Hasek

Department of Analytical Chemistry
Pharmaceutical Faculy of Charles University
Heyrovského 1203, 500 03 Hradec Kralové

@

@

@ INTRODUCTION @

@ RESULTS AND DISCUSSION @

The plant drug called Herba epilobi s obtained from shoots of
some  species of genus Epilobium (E. parvifiorum, E. montanum,
E. roseum and E. collinum). It s a traditional drug for prostate treatment
and disinfection of urinary tract. The tannin-containing drug is
b b e e e et bilconodn s

e.g. flavonoids and aromatic aci mpounds belong to the
b O antivadants: THe wok el it anatysis of the Selected
aromatic acids,

@ AIM OF THE WORK @

The aim of the work was to develop CZE method for the
determinations of eight phenolic acids (cinnamic acid, gentisic acid, p-
‘coumaric acid, ferulic acid, vanilic acid, syringic acid, calfeic acid and
chlorogenic acid) in Herba epilobi. To enhance the detection sensitivity
in CZE, the large-volume sample stacking technique with polarity
witching mode was used. It was necessary to find the Suitable
electrolyte system, injection volume and polarity time switching,

@ EXPERIMENTAL @

@ COMPOUNDS UNDER STUDY @

udied compounds belong 1o the antioddants. They can b
divided into two groups: derivatives of benzoic acid (vanilic acid,
syringic_acid_and_gentisic acid) and derivatives of cinnamic acid
(cinnamic acid, p-coumaric acid, caffeic acid, fenuic acid and

'OOH
R miz|2 |22 |3
R ke
|Vanillic acid -H -H -OH |-OCH, | 4,45
Syngcaca | -1 |-ock, o |-ock| 428
|Gentisic acid -OH -H -H -OH | 3,01

CooR,
atalz iz iz
R1
Cinnamic acid H | H -H -H 4,43
p-coumaric acid -H |-OH| -H -H 4,10
Cateic acid W |-OH|OH | . |404
Ferulic acid -H | -OH |-OCH; -H 4,04
Ho_COOH
Chlorogenic acid -OH [-OH| -H 3,96
on
on
‘ @ INSTRUMENT Q |

Capillary_electrophoretical system PIACE™ MDQ, Beckam
Coulter equipped by PDA was used. Communication with PC a analysis
control was supporied by 32 Karat Software 4.01

separations were performed in fused siica capillary,
1.D. 50 pm and total length 60 cm (so effective length was 50 cm)

@ CHEMICALS Q

A dremis g o rm el wad iy
SRR e oW SR e (i
acid, syringic acid, caffeic acid, a-cyclodextrine and
Chromasol® for HPLC were provided by Sigma Aldrich.  Sodim
tetraborate and phosphoric acid were obtained from Lachema Brno.
Epilobium parvifiorum herba was bought in Pharmacentrum -
Pharmacy in Hradec Kralové.

Standard solutions and electrolytes

Standard solutions (100 ug/mi) were prepared by dissolving of
‘each compound in 50.00 ml of methanol and degassed in a uftrasonic
bath. The final model mixtures and the electrolyte solutions contained
10 % (v/v) of methanol.

@ SAMPLE PREPARATION Q@

2,000 g of dried puversed plant drug were exacted by 50,00 of
methanol in a ultrasonic bath for 30 min. The suspension was fitered
and the solution was keptin a refridgerator. Before the CZE analysis, it
was diluted with water (o contain 10 % (v/v) of methanol, degassed by
sonication and fitered through membrane fiter Millex® - LCR 0 45pm.

@ CZE CLASSIC MODE OPTIMISATION @ |

= CZE with a standard hydrodynamic injection process (injection
i tbpatseraiy 414 it Chotlan o)

e BGE comprised a borate buffer due to the potentiality of
borate cump\exaﬂun witho-diphenolic groups. Several concentrations
of borate, methanol and a-cyclodextrine were tested.

Effect of borate concentration

Chiorogeric acid and caffeic acid form complexes with borate. It
is caused by ortho-dihydroxyphenyl moieties in their structures. Effect
of borate concentration was observed with pH 9 for 10, 30, 50 and
70 mM borate. According to increasing concentrations, the analysis
times become_higher. The opimum peak symmelry and area were
achieved with 50 mM borate.

Effect of pH

is an important parameter (o influence an

3 3
and 45, thus they are completely ionized i the elemmpmmc system.
In the range from 8.4 to 9.0, the poor resolutions of all analytes were
‘achieved. The pH above 9.0 resuited in longer analysis times. As the
optimum choice pH 9.0 was taken which provided the best resuls in
terms of the resolution of the acid of our interest.

Effect of the methanol addition

e methanol content affects analysis time, peak symmetry and
resolution. We tested 5%, 10% and 20% (u/v) of methanol in BGE. With
the increasing methanol concentration the migration times of acids
became higher and the baseline quality and the resolution decreased.
‘The BGE without the addition of methanol was used

Effect of a-cyclodextrine

separation quality was significantly influenced  with
cyclodextrine addition (tested concentrations: 2% and 5%). The
migration times and order of acids were changed but allthe compounds
were separated (o baseline. Total analysis time was satisfactory. 2 % of
a-cyclodextrine was the optimum concentration.

Optimal conditions

BGE [50mM borate + 2 % a-cyclodextrine

pH

Sovent water

[Temperature 25T

[Voltage 201V

injection 30 mBar, 14 sec

Detection 200 nm

Capillary Fused silca, 1.0, 50 um, effective length 50 cm

Electropherogram in classic mode

0000
ans bR e e B

sl £ e i o e i € e
- genisicacid 7 syinge acid3 vl ace
alanalye concentraion o=

CZE-STACKING MODE
@ @
OPTIMISATION

= CZE with a large-volume sample hydrodynamic injection,
followed by the removal of the large plug of low conductivity sample
matrix_out the capilary using polarty swiching (injected volume
representing 80 % of the capillary volume)

oo s
was necessary to find a stitable pressure, hydrodynamic
injection and polarity switching time 10 increase the method
sensitivty. The cinnamic acd was chosen as a model
standard.
We had to find suitable injection pressure due o a software
fimitation (maxmum injection time was 99 sec). Four pressure
values were tested: 50, 100, 150 and 200 mBar.
‘Time of polarity switching was determined using a monioring
el Bl ey Whel i marinl o wiend
ached i rd value during an identical
e iy elemmphmes\s the polarity was switched.

Optimal conditions

‘The experimental condition are summarized in following table

[Fydrodynamic injection 99 sec
lime.

Injection pressure 100 mear
[Polarity switching time 1.0 min

Electropherogram of polarity switching mode

oo

w0 ws mo  ws w0
1 clamcaci2- chorogei a3 P Ui el L
enisic acid 7 - syringc acid 8 - vanilic acid;
allanalyte concentraton o= pyml

‘ 6] METHOD VALIDATION (6]

Calibration parameters

Calibration curve
Acid e sl sl R S

Cinnamic |y=77585x2438.8  [1684.9/2065 [0.9993 [2550.8
(Chiorogenic y= 7 [957.3 |1173.2 [0.9980 [1454.3
Coumaric  |y=77029x-3346.3  [3855.5(4725.1 [0.9983 |5857.3
Feruic — |y=63113x2474.7 21653&53 7 [0.9982 '@
[Caffeic |y=107467x-6598.8 [1879.9/2303.9 [0.9995 [2856
Gentisic |y= 1 1291 (0.9995 [3878.9
Syinge[y=T6853x 77416 [2946.6/36136 [0.9979 [aa70.4

Vanilic —1y=141081x-10104 |3687.5/4519.2 |0.9990 5602.0
R

o el sard eviion
Limits of detection

Detection limits were calculated using the relationship 3SIN
(S... signal, N. The lowest values of LOD were found for
cinnamic, p-coumari, ferulic, gentisic and syringic acids (0.01 pg/m),
Caffeic and vanilic acid LODs were 0.02 pgimL; Chiorogenic acid
showed the highest LOD= 0,025 pg/mL.

Repeatability

Test solution containing 1 g/ of analyte was repeatedly (n=6)
injected. in

% RSDolpeakarea | o0 ofmgraion

[0} 6]
Cinnamc 27 050
|Chlorogenic 3.53 0.58
Coumart 3% o8
Foruic 2% oo
| Caffeic 41 0.85
Genisic 53 To7
|Syringic 5.69 134
Vanic w7 e

Q PLANT MATERIAL ANALYSIS Q

“The idertity of acids presented in Herba epilobi was confirmed by
addition of standard. UV spectra of unknown peaks were
‘compared with spectra of standards.

Electropherogram of - Epilobium extract

10 1 1 15 18

Lcimamc_acid, 2-chlorogenic acid, 3-caffec acid, 4vaniic acd. The
‘composilon of BGE was 50 mM of oric acid, 2% a.cychdextrine, pH-9.0,

Assay of aromatic acids in plant extracts
Comparison of CZE results using large volume stacking with

polarity switching and using ITP-CZE method in column coupling
configuration developed at our department is given in following table.

Analyte Contentof analyte [mg/g dried drug]
CZE (stacking) 1TP-CZE

|Cinnamic acid 013 0.06
[Chiorogenic acid 034 .

Caffeic acid 027 0.65
|Vanillic acid 0.29 Y

[Coumaric acid 5 o
Ferulic S -

Uvesoved caliic + Genisic .

@ CONCLUSION (@]

Large-volume stacking with polarity swiching has been proved to
be a powerful tool for a sesitvity enhacement in CZE. The 40-fold
sensitivity enhacement was reached for the quanitative analysis of
higly diluted samples in low conductivity matrices in this study.

inally, the use of this stacking procedure for assay of selected
aromatic acids in methanolic extracts of *Epilobi herba’ s presented

@ ACKNOWLEDGEMENT @)
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DETERMINATION OF CLOTRIMAZOLE AND ITS DEGRADATION PRODUCT IMIDAZOLE
IN SPRAY SOLUTION BY CZE

M. Pospisilova, J. Safra, M. Polagek
Department of Analytical Chemistry, Faculty of Pharmacy, Charles University, Heyrovského
1203, 500 05 (Hradec Kralové) Czech Republic. Marie.Pospisilova@faf.cuni.cz

An overview of the recent trends in the development of HPLC or CE methods for the
determination of impurities in drugs has been published in the recent five years (1,2). A
simple RP-HPLC method was developed for the simultaneous analysis of parabens,
clotrimazole and its impurities in bulk drug and topical creams (3).

A CZE method for determination of clotrimazole (CLO) and its degradation product imidazole
(IMI) was developed. The separations were optimised by examining a number of experimental
conditions such as buffer type and concentration, pH, suitable internal standard, methanol
content, separation temperature and voltage. For the CZE separations, background
electrolyte consisting of 30 mM phosphate buffer of pH 3 was used. The CZE analysis was
carried out at 25 kV, 25 °C, with 60 cm x 0.075 mm ID fused silica capillary (effective length
50 cm) and UV detection at 210 nm.

The calibration curves were rectilinear (r > 0.995) for 0.1 — 5.0 pg/ml of CLO and 0.2 — 2.0
ug/ml of IMI (with histidine as internal standard). Precision of peak areas was 2.7% and 1.7%
(n=6) for CLO and IMI respectively. The method was employed for the assay of CLO and IMI
in clotrimazole spray solution during stability test. The RSD values ranged between 1.3% and
1.6% when determining 1.0 ug/ml of each analyte (n=4). The separation took ~ 8 min and the
recoveries ranged between 98 to 102%.

(1) M.J. Hilhorst, G.W. Somsen, G.J. de Jong, Electrophoresis 22 (2001) 2542

(2) S. Erturk, E.S. Aktas, L. Ersoy, S, Ficicioglu, J. Pharm. Biomed. Anal. 33 (2003)
1017

(3) P. Solich, R. Hajkova, M. Pospisilova, J. Sicha, Chromatographia 56 (2002) S-181

The work was supported by the Internal Grant Agency of the Ministry of Health of the Czech
Republic, No. NR8964-3/2006 and by the Czech Ministry of Education, Research Project
MSM 0021620822
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DETERMINATION OF CLOTRIMAZOLE AND ITS DEGRADATION
PRODUCT IMIDAZOLE IN SPRAY SOLUTION BY CZE

-
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INTRODUCTION

Clotrimazole (CLO) is an antifungal drug for dermlatgical use that is official in tt
valid edditions of leading world Pharmacopoeiasve3al papers dealing with HPLC a
MEKC assays of CLO and its related compounds wergliphed [1,2]. An overview of the re-
cent trends in the development of HPLC or CE meshtut the determination of impurities
drugs has been published in the recent five yeqw].[

)

!
i Q Imidazole
OO ©
Loagy

s o
| Clotrimazole on

i cl

(O-chlorphenyl)diphenylmethanal

and its related

‘ Scheme 1C|

THE PURPOSE OF THE WORK

to investigate the feasibility of utilizing a simgplnd rapid CZE method for separat
and determination of CLO and its degradation pradmidazole (IMI){Scheme 1) i
bulk drug and spray solution

to find the simple way of sample preparation (frepray solution) and proper inter
standard

to validate the proposed CZE method

ELECTROPHORETIC SYSTEM

Capillary electrophoretical system P/ACETM MDQ, Betan Coulter equipped by PL
and 32 Karat Software 4.01.
Sample
Clotrimazol spray filling solution 1 % (CLO sprayHerbacosbofarma Pardubic
Czech republic
preparation before CZE:
dilution to ¢ = 2ug-mL* of CLO (for determination of CLO)
1.25 g of CLO spray diluted in 25 ml volumetricdka(for determination of IMI)
the solutions contained 50 % (V/V) of methanol ahdg mL™ of IS = histidine
(HIS)

RESULTS

Optimisation of electrophoretic conditions

The separations were optimised by examining a nurobexperimental conditions su
as buffer type and concentration, pH, suitable rimaé standard, methanol content, separe

Ot
:"

e —

o R e g
o0 i S o : i . w0
Fig. 3 Determination of CLO (C 1 Fig. 4 D . of IMI in real sample
spray sample). Result: The preparation corj- (spiked with potential impurity).
tained 96.15 % of declared amount of CLO} {Resyit: The preparation contained 0.021 % of
IMI relative to the active compound
(limit < 0.2 %)
Method validation
Table 2 lytical and of the CZEthod
CLO M1
SST - parameters
Number of theoretical plates (N) 140737 130534
Peak asymmetry 1.21 1.15
Resolution' HIS-CLO=29.1 [IMI-HIS=60.2
Repeatability — migration time (Intra-day RSD,'%) |0.59 0.17
Repeatability — migration time (Inter-day RSD,"%) (0.78 0.64
Repeatability — peak area (Intra-day RSD," %) 2.69 1.69
Repeatability — peak area (Inter-day RSD,"%) 3.20 1.85

Validation data
Precision (RSD, %) 1.29 1.58

Linearity — slope; SD of the slope 2.96; 0.16 0.226.0050
Linearity — intercept; SD of the intercept -0.52; 0.42 0; 0.0063
Linearity — correlation coefficient 0.9954 0.9993
Accuracy (% recovery); (c=2/ig-mL?) 98.0 102.9
Accuracy (RSD, %); (c=2/fig-mL") 1.62 1.50
Selectivity No interference |No interference
LOD (jg-mL?Y) 0.010 0.059

LOQ (ug-mLY) 0.032 0.198

'n=3"n=6;" 4real samples, each analyzed in triplicate; Liitgyeevaluated at 0.1, 0.5,
1.0, 2.5 and 5.@g-mL* for CLO and 0.2, 0.5, 1.0, 1.6 and 2.-mL* for IMI, each calibra
tion point in three = 3, each
plicate

CONCLUSIONS

A CZE method for determination of clotrimazole (Cl-@nd its degradation product imida-

zole (IMI) was developed. For the CZE separatidrackground electrolyte consisting of 30 r
phosphate buffer of pH 3 was used. The CZE analysis carried out at 25 kV, 25°C, with
cm x 0.075 mm 1D fused silica capillary (effectilength 50 cm) and UV detection at 210 nm.

The i ion curves were rectilinear (r > 0.996) 0.1 — 5.0 pg/mL of CLO and 0.2 —

Table 1 Effect of buffer ( and voltage.
MI cLo
c N

[mmol-L] time AU time AU ‘g

[min] [min] -
100 X X X X oo
75 4 9125 103908| m\
[50 4 7721 52937 :
30 2 8496 38195 : "
25 8294 ’EM e
20 y 7872 |7 [34846 B . T
10 3! 6859 6.4 [22202
X — poor repeatability Fig. 1 Effect of pH

Electrophoregrams ps
Lo -

Fig. 2 Electrophoregram of reference standard mixturef the ana|
lytes = 1ug mL% IS = HIS, ¢ = 4ug mL*; 30 mM
buffer, pH 3; 50 % (V/V) methanol; samples wereded hydrodyj
namically at a pressure of 3.5 kPa for 5 s.

2.0 pg/mL of IMI (with histidine as internal stardy. Precision of peak areas was 2.7%
1.7% (n=6) for CLO and IMI respectively. The metheds employed for the assay of CLO i
IMI in clotrimazole spray solution during stabilityest. The RSD values ranged between 1
and 1.6% when determining 1.0 pg/mL of each anajyte4). The separation took 8 min anc
the recoveries ranged between 98 to 102%.
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VYUZITi PRECHODNE IZOTACHOFOREZY V KAPILARNI
ELEKTROFOREZE PRO ANALYZU LATEK S
ANTIOXIDACNIM UCINKEM

SAFRA JIRI, URBANEK MAREK , POSPISILOVA MARIE

UK v Praze, Farmaceutické fakulta v Hradci Krélové, Katedra analytické chemie, Heyrovského
1203, 500 05 Hradec Krélové

Kapilami zénové elektroforéza (CZE) je progresivni analytickd metoda, ktera
nachazl uplatnéni v riznych oborech. Pfes vyhody jako je vysoka separadni
G&innost, ekonomicky provoz a environmentaini Zetrnost, ma nékteré nevyhody,
zejména nizkou citlivost pfi spektrofotometrické detekci. Tento nedostatek se dé
fedit rlznymi zplsoby, jako jsou off-line pfedipravy vzorku (napf. SPE), které
negativné ovliviiuji n&které valida&ni parametry a prodluZuji trvani analytické
procedury. Je proto vyhodné vyuZit kombinaci kapilarni zénové elektroforézy s
dal3l elektroforetickou technikou - kapilarni izotachoforézou (ITP). Tento
elektroforeticky systém umoZfiuje béhem analyzy cilené zakoncentrovat
analyzované latky a podstatn& zvysit citlivost analyzy aZ o 2 Fady, odstranit
nez4douc! interakce s matrici a pfispét ke stabilit® zakladni linie. Kombinaci t&chto
dvou elektroforetickych technik Ize uskuteénit dvéma zplsoby, a to v
dvoukolonovém (cITP) a jednokolonovém uspofadani (tITP, pfechodnd, transient-
izotachoforéza). cITP je technika naro&na na &as, zku$enost a zrunost analytika
a proto Ize t&%ko pfedpokladat rutinni vyuZiti v laboratofi. tiITP je technika
jednodussi, rychla a efektivni a proto je Zadouci vyvoj této techniky zakon&ené
aplikacl v analytické praxi sloZitych smési (1-2).

Je Zadoucl vyvinout potentni tITP-CZE metodu pro analyzu vybranych rostlinnych
konstituentls, kdy pfechodnou ITP Ize v elektroforetickém kapilafe indukovat
fizenym sloZzenim vzorku nebo elektrolytového systému. Uvedena technika nebyla
dosud pro analyzu rostlinného materidlu pouZita. V Gvodni studii byly testovany
parametry, které mohou vyvolat a ovliviiovat pfechodnou ITP v CZE. Separace
probfhaly v boratovem tlumivém roztoku v nepotaZené kfemenné kapildfe s
normalini polaritou nebo s obracenym elektroforetickym tokem (EOF) a negativni
polaritou. Pro otogeni EOF byly testovany cetyltrimethylamonium bromid (CTAB) a
hexadimethrin bromid (HDB). Déle byi testovéan vliv methanolu na rychlost EOF a
kapilara s vnitfnim pokrytim polyvinylalkoholem. Pfechodna ITP byla indukovéna
pfidavkem chloridu do vzorku. Smés modelovych latek obsahovala kyselinu
gentisovou, kavovou, p-kumarovou, o-kumarovou, ferulovou, syringovou a rutin.
DosaZené vysledky vykazuji jasné zvySenl citlivosti metody a jsou dobrym
pfedpokladem pro potencialni aplikaci tiTP-CZE pro kvalitativni a kvantitativni
analyzu fenolickych kyselin a flavonoidil ve farmaceutickych rostlinnych drogach.

(1) URBANEK M., KRIVANKOVA L., BOCEK P. : Electrophoresis 24, 466-485
(2003)

(2) URBANEK, M., POSPISILOVA, M., POLASEK, M. : Electrophoresis 23,
1045-1052 (2002)

Problematika byla feSena za podpory GAUK, gr. & 306/2005 BCH, IGA MZ CR,
gr. ¢. NR8964-3/2006 a Vyzkumného zéméru MSM 01021620822.
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VYUZITI PRECHODNE IZOTACHOFOREZY V KAPILARNI
ELEKTROFOREZE PRO ANALYZU LATEK \
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APPLICATION OF CAPILLARY ELECTROPHORESIS IN PHARMACEUTICAL
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Capillary electrophoresis is a powerful technique, highly valuated for its separation
efficiency, short analysis time and low operating costs.
An overview mapping the status and applications of capillary electrophoresis to the
analysis of bioactive compounds in Czech Republic covers period between 2000 and
2005. Instrumentation and various detection techniques of the basic electrophoretic
methods - isotachophoresis (ITP), capillary zone phoresis (CZE), isoelectri
ing (IEF) and mi I inetic chromatography (MEKC) - are discussed
as well as combined techniques such as ITP-CZE or CZE-MEKC.
CZE and MEKC are two of the techniques most commonly used (50 and 20 % of all
articles). Application areas include the ysis of active comp in formulations
or biological fluids, compounds of natural origin (flavonoids, alkaloids) or CE analyses
of DNA fragments, enzymes or hormones, The most distinguished Czech research
teams and laboratories are presented. The advantages and drawbacks of CE
methods relative to the correspanding HPLC techniques are also discussed.
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APPLICATION OF CAPILLARY ELECTROPHORESIS
.| INPHARMACEUTICAL ANALYSIS IN CZECH REPUBLIC | = =

INTRODUCTION

Electrophoresis has become a powerful and widespread tool for various kind of
analysis. It disposes of basic techniques (CZE etc.), advanced techniques (combination of
several methods) and there are also some theoreical approaches for the prediction of the
most suitable electrophoretic system.

Many different analytes are possible to analyze by capillary electrophoresis. This
standpoint s discussed in the work as well as running commentary.

‘The poster brings an overview of electrophoretic methods used in Czech Repubiic in
the year period 2000-2006.

USED METHODS

Capillary zone electrophoresis (despite of
some disadvantages, like lower sensitivity) is
widely used electrophoretic method. Itis
easy to operate, fast and ecological. Most of
published methods (almost 60 %) performed
simple CZE. The second most frequent
method is MEKC (about 20 9). 10 % of
published papers investigated relatively
complicated technique ITP-CZE. Other
techniques didn't exceed 5 %.

Basic METHODS
CZE

check of quality of pharmaceuticals
thiacridine derivatives [1] with UV detection at 200 nm
chiral separation of rivastigmine [2] (UV detection at 200 n
Getermination of buprofer and fbiprofen (3] (UV detection ai 232 im)
monitoring of active compounds in biological material
doxorubicin and in human plasma [4] (f
210 nm)
esmolol in pig blood [5] (UV detection at 222 nm)
thiocyanate in human serum, urine and plasma [6] (UV detection at 200 nm)
e(hylglumnmde in human serum [7] (UV detection at 214 nm)
aminoacids
Lhistidin, study of sample preparation for trace analysis [8] (UV detection at
214 nm)

g UVIVIS,

20 essential aminoacids were analyzed in beer, urine, yeast, saliva and plant
extracts by CZE equiped by CCD and DAD; for the selection of suitable BGE
was used software PeakMaster [9]
PeakMaster was used also for the prediction in the analysis of 22 aminoacids
in model solution [10], for determination of limiting mobilties and disociation
constants of aminoacids [11]. These predictions were veriied also by
experiments then.
aminoacids were also determined in amniotic fluid [12] and human plasma
[13], both with contactless conductimetric detection (CD)
method for determination of D-serine and its appiication for monitoring of
serine racemase activity [14]; authors employed UV detection at 230 nm

other organic acids.
separation of phenolic acids with indirect CCD like verification of previous
theoretical calculation [15]

. phenolic acids are discussed in part of Advanced techniques

alkaloids
chiral separation of lisurid and determination of L-enantiomer [16] in
pharmaceuticals; UV detection at 230 nm
separation and determination of four main compounds of silymarin using UV
detection at 254 nm [17]
study of electrophoretic properties of sanguinarin and cheleritrin isolated
from Macleya cordata using CZE with UV detection at 280 nm [18-19]
SR 7 6 SETETI 0 e e | P e,
plasma of pigs etc.), using UV detection in the range 240-320 nm, compared
with HPLC [20]

other kinds of analytes
Enzymes and hormones: study of actvity of enzyme rhodanesa from bovine:
livers; UV detection at 200 nm [21] determination of synthetic derivatives of
peptidic hormones (CZE, UV at 206 nm) [22]
pollen alergens and organic pollutans in the air; study of usability of CZE with
UV detection at 206 nm [23]
fragments of DNA; LIF detection [24]
biogenic amines in food; CZE with conductometric detection [25]
plant extracts: Salvia officinalis [26]; Ginkgo biloba [27]

ITP

Isotachophoresis offers some interesting advantages. The biggest of them are the
concentrating and focusing effects. Although it is more often used in a combination with
other techniques (especially CZE), it can be used as a single technique. In the monitored
period there occurred some papers dealing with ITP in pharmaceuticals analysis

- analysis of bopindolol in two different preparations; conductometric detection [28]
- determination of bromhexine and ambroxol in pharmaceuticals; conductometric
detection [29]

MEKC

Micelar lecronetcchromatography i us after CZE the most popular
electromigration method. Its usage might be divided into the three part

analysis of pharmaceuticals
ampicillne and related compounds; the purity verification; UV detection at

analysis of isothiazolones with antibacterial activity; DAD detection
(bedelenatinot speotied) 1]
he purty veifcaionof henoymetylpeniln; UV detection o 200 hm (52
] compound in plani
eterminaton of quemetme napples, cabbage and cauiflower SPE
raction; UV detection at 270 ni
analysi of lgnans inpianc et matmaceuncas and human serum; UV
detection at 200 ni
bisgeri amines 1 spinach, tomatoes and other oodstfi: detection
techniques was not mentioned () [35]
nine anacardic acids from cashew nuis were analyzed by conventional
MEKC as well as by reversed flow MEKC; detection was performed by MS;

[36]

drug monitoring in biological material
clearence monitoring of dithiothreitole in pig livers and its usage during
biochemical experiments; UV detection at 200 and 343 nm [37]

homatysteine I himan plasma was anaiyzed sk or caplery reacton Weh
DPDS for specific detection; UV detection at 343 nm [38]

cystein in human urine; UV detection at 343 [39]

Some MEKC methods were developed simultaneously with CZE methods mentioned
above [6,22,23)

CEE

Capillary electrochromatography is a hybrid technique. During the last six years it was
used just once for the study of interaction between drugs (e.g. acetylsalicylic acid,
ketoprofen, warfarine etc.) and liposomes. UV detection was performed, wavelength not
specified. [40]

IEF

Isoelectric focusation is a minor techniques in Czech Republic. It was performed for the
analysis of proteins (e.q. cytochrom ¢, bovine serum albumin, myoglobine etc.) from
biological matrix. UV detection at the range 250-360 nm and fluoromeric detection
(excitation at 365 nm, emission at 418 nm) was employed. [41]

ADVANCED TECHNIQUES

Advanced techniques pose effective way to improve some limitations of the simple
techniques, detection limits most of compounds and sample purification. Often they are
performed by different techniques combination

ITP-CZE

ITP is often combined with CZE. It brings many advantages such as sample

concentration and focusing of analytes and elimination of ballast compounds.

phenolic acids and flavonoids in plant material (Sambucus nigra, Crataegus) were

analyzed in BGE-S-BGE mode; UV detection at 254 nm [42]

the same mode was used for the determination of flavonoids in the extract from

Hypericum perforatum; UV detection at 254 nm [43] and for the determination of

phenolic acids in Herba epilobi; UV detection at 270 nm [44]

analysis of chlorites in potable water without any sample preparation; T-S-T mode;

conductometric detection [45]

domoic acid in shellfish and algae was analyzed in T-S-T mode; UV detection at

242 nm [46]

lericelin, the synthetic analogue of luteinizing hormone, was analyzed in BGE-S-

BGE mode; UV detection at 220 and 254 nm and conductometric detection were

employed [47]

Polarity switching

Another approach for concentration increasing is based on injection of large volume of
sample. It s followed by removal o the bulk of the low conductivity sample matrix and
polarity switching. It was applied for the analysis of phenolic acids (UV detection at 200
nm) and resulted into the 40 fold sensitivity enrichment (48]

Off-line HPLC — CZE

The coupling of these methods was employed to discover minor changes in the
stucture of collagen caused by postiransiational modifications by sugars. The collagen
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INSTRUMENTATION

Capillaries

Uncoated, fused silica capillaries are the most frequent choice of CE researchers. The
inner diameter of 50 um s often used; 75 um when the higher sensitivity is required. The.
average effective length is 70 cm.

Instruments

The instruments used:
Beckman Coulter (Fullerton, USA)
- Hewlett Packard (Palo Alto, USA)
- Spectraphoresis (Thermo Separation Products, Fremont, USA)
. Villa Labeco (Spiéska Nova Ves, Slovak repubiic)

Detection
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most popular technique.
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DEVELOPMENT OF CD-MEKC METHOD FOR THE ANALYSIS OF
FLAVONOIDS IN COMMERCIAL GINKGO PHYTOPHARMACEUTICALS

J. Safra, M. PospRilov4, M. Ko&i

Department of Analytical Chemistry, Faculty of Pharmacy of Charles University,
Heyrovského 1203, 500 05 Hradec Krdlové, Czech Republic

Selected fl ids (« n, epicatechin, rutin, quercetin, luteolin, hesperetin, apigenin,
kaempferol and :sorhammun) were analyzed by micellar electrokinetic chromatography
(MEKC) using SDS as surfactant and hydroxypropyl-y-cyclodextrine as modifier.

The analyses were performed using a fused silica capillary (50 cm effective length, 75 pm
L.D., applied voltage 30 kV, the temperature 20°C, hydrodynamic sample injection at a
pressure of 50mBar for 6 s) with UV detection at 210 nm.

The optimization of the method has been focused on the type and concentration of the running
buffer (borate, phosphate) and surfactant (SDS, cholate, tween), the effect of addition of
organic solvent (methanol, ethanol, acetonitrile, 1-propanol, 1-buthanol) and the effect of
various cyclodextrine derivatives (a-cyclodextrine, B-cyclodextrine, y-cyclodextrine,
hydroxypropyl-y-cyclodextrine etc.). The optimal electrolyte system consisted of 5SmM
phosphate, 30mM borate, 60mM SDS, 8mM hydroxypropyl-y-cyclodextrine, 20 % methanol
(v/v) and 5 % 1-buthanol (v/v). The pH* = 7.6 was adjusted with NH;OH. Propylparaben was
used as the internal standard. Overall run time was 20 min.

Calibration curves were rectilinear in the ranges 1-40 ug-mL™ for catechin, epicatechin,
quercetin, luteolin and hesperetin and 2.5-100 pg-mL" for rutin, kaempferol, apigenin and
isorhamnetin; R=0.9976-0.9999. Detection limits (0.475-1.453 pug-mL™), quantification limits
(1.567-4.795 ug‘mL") and good repeatability of peak areas (RSD: 1.87-4.72 %; n=6) and
migration times (RSD: 0.80-1.45 %; n=6) were achieved.

The method was applied to evaluate the levels of selected Ginkgo biloba components in
phytopharmaceuticals including optimization of SPE as a sample pretreatment clean-up step.

Acknowledgement: This work was supported by the Internal Grant Agency of the Ministry of
Health of the Czech Republic, No. NR/8964-3, by the MSM Project 0021620822 of the Czech
Ministry of Education and by the Grant Agency of Charles University 107707/B/2007/FalF.
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DEVELOPMENT OF CD-MEKC METHOD FOR THE ANALYSIS
OF FLAVONOIDS IN COMMERCIAL GINKGO PHYTOPHARMACEUTICALS

JIRi SAFRA, MARIE POSPISILOVA, MARTINA KOGi

DEPARTMENT OF ANALYTICAL CHEMISTRY, FACULTY OF PHARMACY OF CHARLES UNIVERSITY,
HEYROVSKEHO 1203, 500 05 HRADEC KRALOVE, CZECH REPUBLIC

INTRODUCTION

Ginkgo leaves (Ginkgo biloba, Ginkgoaceae) are used to produce an extract containing 24% of
flavonoids and 6% of ginkgolides and bilobalide. Several clinical trials showed the benefit of ginkgo
extract on the symptom of “cerebral insufficiency” in the elderly [1]. The new analytical methods are
therefore desirable for the extract standardization.

AIM OF THE WORK
The aim of the work was to develop a method based on micellar electrokinetic chromatography for
the on and d ion of nine flavonoids (catechin, epicatechin, rutin, quercetin, lutcolin,
hesp apigenin, I and isort in phytopl I ining the
standardized extract of Ginkgo biloba leaves.

EXPERIMENTAL

Compounds under Study

All compounds under study belong to the group of flavonoids. The flavonoids are an important
group of natural compounds with antioxidant action. Rutin is a glycoside, other flavonoids studied
are as the aglycones.

Instrumentation

Capillary electrophoretical system P/ACE™ MDQ, Beckman Coulter equipped by PDA was used.
Communication with PC and analysis control was supported by 32 Karat Softwate 5.

The analyses were performed using a fused silica capillary (50 cm effective length, 75 pm LD,
applied voltage 30 kV; the temperature 20°C, hydrodynamic sample injection at a pressure of
50mBar for 6 s) with UV detection at 210 nm.

Chemicals

All chemicals were of analytical grade quality. The chemicals, organic solvents and flavonoid
standards were provided by Sigma Aldrich.

RESULTS AND DISCUSSION

Background Electrolyte Selection
- Considering the fact that the pK, values of phenolic groups of flavonoids range between
9 and 11 [2] and taking into account the presence of ortho-dihydroxyphenyl moieties and
their ability to form complexes with borate, borate buffer was used as background
electrolyte.

v

Duc to very low solubility of flavonoids (especially isorhamnetin) in water it was necessary
to add organic solvent into the running buffer. Ethanol, methanol and acetoniile were
tested. Acetonitrile was not suitable by reasons of unacceptable bascline drift and high
current generation. Either cthanol or methanol showed good bascline and the current was
acceptable. 25 % (v/v) of methanol was used in further optimization.

Improvement of a quality of the separation was observed when mixed borate-phosphate
buffer was employed. The combinations of different phosphate (5-15 mM) and borate
(20-60 mM) concentrations were tested but no further improving of separation was
obtained. 5 mM phosphate and 30 mM borate was sclected.

y

Surfactant Selection

Different surfactants were tested using the buffer composed of 5 mM phosphate,
30 mM borate, 25% methanol, pH* ~ 8.0 (adj. by NH;*)
SDS, cholate, various mixture, possibly with non-ionic surfactant Tween 20

v

v

SDS was chosen as a optimal surfactant for compounds of our interest

v

number of peaks, their shape and migration times were monitored
The concentration of SDS were tested in the range 10-70 mM

v

v

_ as known, higher concentration of SDS resulted in prolongation of migration times
_ partial separation of two first peaks (catechin, epicatechin) was observed above
50 mM SDS
- full separation of these two peaks to the base line was obtained with 70 mM SDS but
the total time of analysis was unacceptable (> 60 min)

- 60 mM SDS was chosen as a optimal concentration

Effect of pH*
- effect of pH* was tested in the range 7.61 — 8.9
_ data obtained at pH* < 7.61 were unsatisfactory
- higher pH* resulted into prolongation of migration times
_ caused by higher ionization of SDS micelles
- also ionization degree of flavonoids increased and thus the interaction with micelles
‘was getting worse
- this fact resulted in poor separation of epicatin and catechin
- pH* 7.61 - these two compounds were fully separated
- pH*8.16 - the d in pH* 8.35

- pH* 7.61 was chosen as a optimum value

was partial; they

Effect of Cyclodextrine Addition

_ several uncharged cyclodextrines were cxamined for improving of separation sclectivity

lodextri et bt (Brarallad]

B
heptakis(2,6-di-O-methyl)-B-cyclod

- ine and 2-hydroxypropyl-y in

2 hyd 1-B-cvclod:

- all CDs caused a little worse separation of epicatechin and catechin
- 2-hydroxypropyl-y-cyclodextrine improved the selectivity of the method
- obuined electropherogram consisted of 10 fully separated (excepting epicatechin —
catechin) peaks
-~ as shown later the higher number of peaks was a result of the unexpected chiral

sepatation of hesperetin enantiomers

B on of 2. propyl-y-cyclodextrine was din the range
310 mM; 8mM was found to be an optimal concentration
~ the quality of separation of epicatechin and catechin was improved by addition of 5 %(v/v)
of 1-butanol into the running buffer

Optimal conditions
_ The optimum running buffer consisted of
_ 5 mM phosphate — 30 mM borate buffer
~ 60 mM SDS
- 20 % (v/v) methanol, 5 % (v/v) butanol
~ 8 mM 2-hydroxypropyl-ycyclodextrine
~ pH*7.60

AU

125 15.0 175 20.0 225
Minutes

METHOD VALIDATION

Calibration Parameters
- calibration parameters were calculated with I8 (propylparaben)

Catechin 1.07 - 42.80 =0.0991x-0.0223 00020 00479 | 09992 | 00725
Epicatechin 1.00 - 40.00 0.0032 00711 [ 0.9982 0.1076
Rutin 259 - 103.60 00005 00304 | 09995 | 0.0460
Quercetin 1.07 - 42.80 00005 00114 | 09999 | 00173
Luteolin 1.12 - 44.80 00014 00361 | 0.9994 | 0.0547
Hesperetin 1.10 - 44.00 0.0012 00298 [ 0.9995 0.0450
Kaempferol 259 - 103.60 00014 00813 | 09988 | 0.1229
| Apigenin 2553-101.20 0.0769x+0.1133 00027 01526 | 09976 | 02308

250 - 100.00 =0.0565x+0.0825 00014 00806 | 0.9987 | 0.1219

y s peak arca, x the concentration in pg/mL, s the standard deviation, and r the correlation cocfficient

LOD, LOQ
- the values were calculated according to
1ICH guideline Q2(R1): Validation of Repeatability
Analytical Procedures: Text and Methodology
- the approach based on Signal-to-
Noise ratio (3:1 for LOD, 10:1 for Catechin
4 i 080 | 300
LR v Rutin 088 | 184
Quercetin 128 | 472
Lutcolin 121 | 378
. Hespercin; 102
i 051 169
S‘i‘;m‘c‘hm g fg i [Hesperetin 20 [101 | 347
e y y Kacmpferol 518 | 137 | 187
utin 145 484 e A L .
Quercetin 0.6 220 fgain . 1; o L 3@
Lutcolin 09 195 : z =
Hesperetin 063 210
Kacmpferol | 091 302
Apigenin 0.66 221
Isorhamnetin | 0.90 300

CONCLUSIONS AND PERSPECTIVE
- the MEKC method is selective for nine flavonoids
_ chiral separation of hesperetin enantiomers was also achicved
- basic validation ibrati LOD, LOQ, ility) were sati y
for all analytes

the proposed method is intended for the identification and assay of the tested flavonoids in her-
bal medicinal product containing the extract of Ginkgo biloba leaves (Several commercial gink-
go preparations on the Czech market were analysed: Gingio® roztok and Gingio tablety
(Hexanel s.x.0.), Ginkgo biloba tablety (Health Link), GinkgoPrim (Walmark), Tanakan (Ipsen),
Ginkgo biloba kapky (Aromatica)), and the flavonoid contents were evaluated using the method
described. In order to check the efficiency of the extraction procedure a fourth extraction was

i i G. biloba extract only declare a require-
ibution of

v

d. Many
ment of 24 % of ginkgoflavonol glycosides in the
individual flavonoids is given.)

extract but no di
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ANALYSIS AND SEPARATION OF CLOTRIMAZOLE AND ITS
DEGRADATION PRODUCT IN PHARMACEUTICAL
PREPARATION BY MICELLAR ELECTROKINETIC
CHROMATOGRAPHY

M. Pospisilova, J. Safra, L. Vancura
Department of Analytical Chemistry, Faculty of Pharmacy, Charles
University, Hradec Kralové, Czech Republic

Effective impurity profiling requires separation techniques with high
separation power and sufficient sensitivity (1, 2). Micellar electrokinetic
chromatography (MEKC) can be employed when charged and neutral
compounds must be separated (3). The MEKC method with UV detection
was developed and validated for determination of active pharmaceutical
ingredient clotrimazole (CL) and its degradation product, (2-chlorophenyl)
diphenylmethanol (CH) in a spray solution. The effects of buffer type and
concentration, buffer pH, surfactant concentration, type and concentration of
organic modifier and internal standard, applied voltage, temperature and
injection time were investigated. Optimum separation was achieved with 15
mM phosphate buffer of pH 8.2 and 10mM B-CD containing mixture of 20
mM SDS and 30 mM sodium cholate (NaC); the separation was performed
using a fused silica capillary (75 pm ID, 50 cm effective length, applied
voltage + 25 kV, hydrodynamic sample injection at a pressure of 3.45 kPa
for 7 s) with UV detection at 210 nm. Overall run time was ~ 12 min,
resolution of the analytes>3. Calibration curves were rectilinear in the range
0.15 — 12 pg/ml for CL with R>0.9970 and from 0.2 to 2.0 pg/ml for CH
(R=0.9993), the internal standard was diclofenac sodium. The repeatability
(RSD) of the retention times (peak areas) for the compounds was <1 % (<4
%), n=6. The method was employed for the assay of CL and CH in
Clotrimazole spray solution during stability test.

(1) U. Holzgrabe, D. Brinz, S. Kopec, CH. Weber, Y. Bitar, Electrophoresis 27 (2006)
2283-2292.

(2) N. Rahman, S. N. H. Azmi, H. F. Wu, Accred. Qual. Assur. 11 (2006) 69-74.

(3) M. J. Hilhorst, G. W. Somsen, G. J. de Jong, Electrophoresis 22 (2001) 2542-2564.

The work was supported by the Internal Grant Agency of the Ministry of Health of the
Czech Republic, No. NR8964-3/2006, by the Czech Ministry of Education, Research
Project MSM 0021620822 and by the Grant Agency of Charles University
107707/B/2007/FaF.
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SEPARATION AND DETERMINATION OF KETOPROFEN,
METHYLPARABEN AND PROPYLPARABEN IN
PHARMACEUTICAL PREPARATION BY MICELLAR
ELECTROKINETIC CHROMATOGRAPHY

J. Safra, M. Pospisilova
Department of Analytical Chemistry, Faculty of Pharmacy of Charles
University, Heyrovského 1203, 500 05 Hradec Kralové, Czech Republic

The simple micellar electrokinetic chromatographic method (MEKC) was
developed for the determination of ketoprofen, methylparaben and
propylparaben in a pharmaceutical preparation. Separation was carried out
with a fused silica capillary (50 cm effective length x 75 um 1.D.) at 30 kV
and UV detection at 200 nm. Optimized background electrolyte was 50 mM
tricine buffer (pH* 8.3, adjusted with NaOH) containing 30 mM sodium
dodecyl sulfate as a surfactant and 15 % (v/v) of methanol. Sodium
diclofenac was used as an internal standard. The single separation took
about 13 min.

Rectilinear calibration ranges were 100-2000 pg'mL™ for ketoprofen,
2-40 pg'mL™" for methylparaben and 1-20 pg'mL™ for propylparaben with
correlation coefficients 0.9969 for ketoprofen, 0.9999 for methylparaben
and 0.9944 for propylparaben. Repeatability of the MEKC method was
satisfactory, the RSD values ranged between 0.77-2.15 % for peak areas and
0.52-0.73 % for migration times. The limit of detection at a S/N of 3 was
0.82 ugmL" for ketoprofen, 0.38 ugrmL"' for methylparaben and
0.53 ug'mL™" for propylparaben.

The MEKC method was applied to the determination of the active
compounds in pharmaceutical preparation Ketoprofen gel 2.5 %, Herbacos-
bofarma Ltd., Bochemie Group (Pardubice, Czech Republic). No
interferences from excipients present in the gel were observed. The
recoveries ranged from 96.6 % to 103.9 % using the standard addition
technique. No significant differences were found when statistically
compared with results of RP-HPLC method reported in literature.

Acknowledgement: This work was supported by the Internal Grant Agency of the Ministry
of Health of the Czech Republic, No. NR/8964-3, by the MSM Project 0021620822 of the
Czech Ministry of Education and by the Grant Agency of Charles University
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Assay of Selected Antioxidants in Plant Extracts byn-line Coupling of Capillary
Electrophoresis and Capillary Zone Electrophoresis

Pospisilova Marie Safra Jii*, Honegr Jah Spilkova Jina?
!Department of Analytical Chemistr§Department of Pharmacognosy, Charles University
in Prague, Faculty of Pharmacy in Hradec KréalovZedh Republic

Purpose. To develop and validate capillary zone electrophsr (CZE) witl
isotachophoretic (ITP) sample pre-treatment foedele assay of phenolic acidsc
flavonoids in methanolic plant extracts.

Methods. This ITP-CZE method utilized olme column coupling configuration. T
background electrolyte used in ti@ZE step was different from the leading
terminating ITP electrolytes but all electrolytesntained 20 % (v/v) of methanolhe
optimal leading electrolyte was 10 mM HCI of pl*7.2 (adjusted with Tr)sand thi
terminating electrolyte was 50 mMgBIO3 of pH* ~ 8.2 (adjusted with barium hydroxid
The optimum composition of the background electmin the CZE step was 50 mMig
buffer of pH*~ 8.1 containing 25 mM R-hydroxy#orpholinopropanesulfonic acid a
co-ion and 40 mM EBOs; as compleXerming agent. Active constituents were extra
from 1.0 g of pulverized plant material into metbaby sonication for 30 min and t
supernatant was injected directly to the electropio system after appropriatilution
with water.

Results The ITP-CZE exhibited satisfactory linearity etrange 0.5-5.0 prgL™ for the
individual analytes (correlation coefficients wedrem 0.9842 to 0.9988)apigenin wa
used as the internal standaithe preconcentrating and cleaning effect of the kte|
allowed injection of relatively large sample volwisn@0 ul). Theimits of detection range
between 18-35 nmL™ (caffeic acid-quercitrin). The ITEZE method was employed
the assay of phenolic acids and quercitrin in ptaht extracts. Accetable repdaitay for
peak area with the RSD values 0.8.07 % (n=3) was observed when determining ce
acid (0.17 %) and quercitrin (0.13 %). The totahdi of the analysis including the pre-
separation step was35 min.

Conclusions The proposed hyphenation ITP-CZE techniguth UV detection at 320 n
Is suitable for determining of the content of fipkenolic acids (rosmarinic, geumaric
ferulic, caffeic and chlorogenic acids) and flavimshquercitrin in methanolic extracts
Mellisa officinalis leaves.

Acknowledgement.The work was supported by the Internal Grant Agesfaye Ministry

of Health of the Czech Republic, No. NR/89®4nd by the MSM Project 002162082.
the Czech Ministry of Education.
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ASSAY OF SELECTED ANTIOXIDANTS IN PLANT EXTRACTS BY
ON-LINE COUPLING OF CAPILLARY ELECTROPHORESIS
AND CAPILLARY ZONE ELECTROPHORESIS

SPi:

OVA MARIE ', SAFRA JIRI ', HONEGR JAN ', SPILKOVA JIRINA *

0SY,

' DEPARTMENT OF ANALYTICAL CHEMISTRY, * DEPARTMENT OF PHARM
J ZECH REPUBLIC

CHARLES UNIVERSITY IN P TY OF PHARMACY IN HRADEC KRALOVE

OBJECTIVES ELECTROLYTE SOLUTIONS ELECTROPHEROGRAMS

To device, optimise and validate a capillary isotachophoretic-capillary zone
electrophoretic method (ITP-CZE} in the column coupling instrumentation
for selective assay of selected constituents in methanolic extracts of Me-
lissae herba (rosmarinic, p-coumaric, ferulic, caffeic and chlorogenic acids

ITP step:

LE: 10 mM HC| of pH* = 7.2 adjusted with Tris; 0,2% HEC

TE: 50 mM H3BO; of pH* = 8.2 adjusted with barium hydroxide
CZE step: 5

and flavonoid quercitrin). BGE: 50 mM Tris buffer of pH* = 8.1 containing 25 mM MOPSOQ as a 3188
co-ion and 40 mM H3BO as complex-forming agent S |
I
1
COMPOUNDS UNDER STUDY L gieni
Rosmarini scid Chiorogenicacd 3 oum f 2 &

o,

o DA)L Lo ok PREPARATION OF PLANT EXTRACT Ly :
s o o oH i =g it .

Dried pulverized Melissae herba (1.0 g) was weighed into a 100-mL volu-

metric flask. 50.00 mL methanol was added and the mixture was sonicated o ) i b il
G for 30 min. The resulting suspension was filtered through dry paper filter " { Tl |
peoumaic scid ot st e and the supernatant was diluted with water to contain 20% (/v) methanal I
00K 000K PN befare the ITP-CZE analysis Fol e s i e = e
oo, on sz ma s ms w7 s ma me M2 M3 e
Querdisrin o bl
RESULTS
Table 1 Time and current regime of the analysis Fig. 3 Electropherogram of the standard mixture: 1 = caffeic acid, 2 =
Mode Step | Current Duration Capillary rosmarinic acid, 3 = p-coumaric acid, 4 = chlorogenic acid, 5 = ferulic acid,
1 | 200pA |until the voltage = 6 = quercitrin, 7 = apigenin (IS; ¢ = 2.5mg mL™); BGE consisted of 25mM
MOPSO, 50mM Tris, 40mM H3BO3, 0.2% HEC, 20% (v/v) of methanal,
; i e Y asiEach) Pre-separation pH* 8.1,
Fig.1 Structure of the Two of rosma- Y 100 pA |280-300's from the Ui
rinic acid might occur. The total concentration of rosmarinic acid was deter-
mined at this work. step of 05"
Current switching hscird
INSTRUMENTATION Transmigration | 3 S0pA [220s pre-separation iz
4 EA 100 Villa Labeco CS Isotachophoretic Analyzer (Spigskd Nova Ves, - analytical e 3
Slovakia) equipped with a column-switching system and ITP Win Pro- Replacement of electrolytes I
32 software {KasComp, Slovakia) 3 4 | 50pA [80s R |
s Pre-separation (90 mm x 0.8 mm 1.D.) and analytical (160 mm x 0.3 3 20A |tothe end of Avalitical 2 |
mm LD.) capillaries made from fluorinated ethylene—propylene (FEP) =
copolymer =
« The pre-separation capillary equipped with a conductivity detector i [
and the analytical capillary with an external LCD 2083 spectrophoto-
metric detector (ECOM, Prague, Czech Republic) operated at 270 nm Table 2 Calibration data for the analytes s
= Samples injected with a sampling valve (30 uL) Analyte Calibration curve s = R |
Caffeic acid y=0.4934x:0.1091 |0.017 |0.056_|0.9988 s e
Rosmarinicacid__|y=0.3205x+0.0341 |0.017 [0.059 [0.8971 oess
p-Coumaricacid |y=0.2931x+0.0942 |0.024 [0.079 [0.5935 a7 =il w e e amed e Cuie e
Chlorogenic acid_|y=0.2617x+0.0468 |0.033 [0.110 09842 e
Ferulic acid y=0.4488x+0.0733 0.021 [0.068 |0.9979
Quercitrin v=0.2325%+0.1231 |0.016 |0.053 |0.9952

y, peak area ratio (analyte/internal standard}; x, concentration in mg mL™"

Fig. 4 Electropherogram of the plant extract: 1 = protocatechuic acid, 2 =
caffeic acid, 3 = rosmarinic acid, 4 p-coumaric acid,

sy, standard deviation of the slope of calibration curve; s,, standard deviati-
onof the intercept of the calibration curve; R, correlation coefficient.

Table 3 Determination of phenolic acids in Melissae herba

Compound Compound content
(mgg” pulverized drug + RSD [%], n=3)
— Caffeic acid 1.65+0.80
Rosmarinicacid 4354 £173
Fig. 2 (A) The scheme of apparatus for ITP-CZE; (B) the end of ITP step; ana- pcoumaricacid | 1.00 £ 1.04
lytes are stacked into the narrow zones at the bifurcation point; (C) analy- acid 030465
tes are transferred electrophoretically into the analytical capillary; (D) the Ferilicacia 3702217
pre-separation capillary is flushed hydrodynamically with BGE; (E) analytes Ol e
are separated in the CZE mode.
METHODOLOGY
CONCLUSIONS

a

w

®

'3

«

&

6w

it

Selection of BGS-S-BES type, where leading electrolyte (LE), termina-
ting electrolyte (TE) and background electrolyte (BGE) are mutually dif-
ferent; S=sample

Testing of optimal system of operational electrolytes (LE and TE) in ca-
pillary isotachophoretic step {ITP)

Testing of qualitative different buffers (BGE) in capillary zone electro-
phoretic step (CZE)

Testing of exact timing of the transfer of isotachophoretically stacked
analyte zones into CZE capillary for the control of the residual amount
of the LE and TE electrolytes entering the CZE capillary together with
the analytes

Optimization of operating conditions (effect of pH*, boric acid, cyclo-
dextrins, separation and detection currents)

Finding out | characteristics
for the compounds analysed

Investigation of selected validation parameters of ITP-CZE method
Devising single procedure for plant material pretreatment before the
ITP-CZE measurements

Application of ITP-CZE method for the determination of five pherolic
acids and flavonoid quercitrin in methanalic extracts of pharmaceuti-
cally important plant drug

u

w

u

e

a

The proposed hyphenated ITP-CZE technique with UV detection at 320
nm is suitable for determining of the content of five phenolic acids
(rosmarinic, p-coumaric, ferulic, caffeic and chlorogenic acids) and fla-
vonoid quercitrin in methanolic extracts of Mellisa officinalis

The preconcentrating and cleaning effect of the ITP step allowed in-
jection of relatively large sample volumes (30 pl). The limits of detecti-
on ranged between 18-35 ng mL (caffeic acid-quercitrin).

Accetable repeatability for peak area with the RSD values from 0.8 0 to
4.65% (n=3) when determining caffeic acid (1.7 mg g dry mass) and
chlorogenic acid (0.3mg g dry weight)

The analytes migrated in order: caffeic acid (the fastest migration),
rosmarinic, p-coumaric, chlorogenic, ferulic acid, quercitrin and apige-
nin (LS.}, p-Coumaric and chlorogenic acid were not fully resolved

The total time of the analysis including the pre-separation step was =
35 min

5 = chlorogenic acid, 6 = ferulic acid, 7 = quercitrin, & = apigenin (IS;
c=2.5mg mL™%); for conditions see Fig. 3

= A

8115 i

5

5y analytes

£ |
b

cct

]

Fig 5 Isotachopherogram of the plant extract; analytes were not separa-
ted in this step. Boric acid solution of pH* 8.1 (ad]. with barium hydro-
xide) was used as TE. The LE was hydrochloric acid with Tris and 0.2% HEC
at pH* 7.2. Either LE or TE contained 20% (v/v) of methanol.
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PiedloZena prace se zabyva vyuzitim kapilarnich elektroforetickych metod pro

analyzu farmaceuticky vyznamnych latek pfirodniho a syntetického ptivodu.

V teoretické ¢asti jsou popsany principy zakladnich technik (CZE, MEKC, ITP
a dalsi) i pokrocilejsich technik pouzivanych pro zvyseni citlivosti (stacking, swee-

ping, ITP-CZE, tITP).

Uvodni ¢ast experimentalni prace se zabyvala vyvojem metod pouZivanych
v kapilarni zédnové elektroforéze ke zvyseni citlivosti, jako je ITP-CZE a LVSS

s pfepinanim polarity:

1. Problematika separace fenolickych kyselin odvozenych od kyseliny benzoové
a skoticové ve slozité pfirodni matrici (methanolicky extrakt z vrbovkové na-
té) byla fe$ena metodou on-line kombinace ITP-CZE v dvoukolonovém uspo-
fadani. Pouzity typ uspofadani elektrolytd je oznacovan jako BGE-S-BGE.
Vedouci elektrolyt obsahoval 0,00M HCl, 0,02 M imidazol, 0,2% HEC, pH 7,2.
Koncovy elektrolyt byl sloZzen z 0,00 M HEPES, pH 8,2. Jako zakladni elektro-
lyt byl pouzit 25 mM MES, 50 mM TRIS, 30 mM kyselina borit4, i1omM
a-cyklodextrin, 0,2% HEC, pH 8,3. Celkova doba analyzy byla pfiblizné 25

minut. Vzorek nevyZadoval zadnou specialni apravu.

2. ,Stacking“ CZE metoda (zakoncentrovani z velkého objemu vzorku s piepnu-
tim polarity) byla aplikovana na smés fenolickych kyselin obsazenych
v methanolickém extraktu z vrbovky. Optimalni zdkladni elektrolyt obsaho-
val 50 mM bordt, 2% a-cyklodextrin, pH 9.0. Davkovany objem zifedéného
vzorku ptedstavoval asi 70 % celkového objemu kapilary a reverzni polarita
byla pfepnutd po 1,8 min. Bylo dosazeno 40-nasobného zvyseni citlivosti CZE

metody.

3. Pomoci ITP-CZE byla provedena separace fenolickych kyselin odvozenych od
kyseliny skoticové a flavonoidu kvercitrinu v extraktu z medunky lékatské.
Opét bylo pouzito elektrolytové usporadani BGE-S-BGE. Slozeni jednotlivych
elektrolytd bylo: LE - 0,001M HCl, 0,2% HEC, pH* 7,2 (upraveno pomoci
TRIS); TE - somM kyselina boritd, pH* 8,2; BGE - 23mM MOPSO, 5o0mM
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TRIS, 40mM kyselina borita, 0,2% HEC, pH* 8,1. Analyza trvala piiblizné 35

minut.

Dalsi ¢ast vyzkumné prace byla vénovana vyuziti kapilarni zénové elektroforé-

zy a micelarni elektrokinetické chromatografie ve farmaceutické analyze:

4. Polyoly sorbitol a mannitol, které jsou soucasti infuznich roztoka, byly ana-
lyzovany pomoci CZE s vyuZitim jejich komplexace s B(III). Separace probi-
hala v 50 mM tetraboritanu sodném s pfidavkem 10 mM kyseliny
m-nitrobenzoové pro neptimou UV detekci. pH zdkladniho elektrolytu bylo
upravené triethylaminem na hodnotu 9,3. Celkova doba analyzy byla pfibliz-

né 13 minut.

5. Nesteroidni antiflogistikum ketoprofen a dvé konzerva¢ni latky (methylpara-
ben a propylparaben) byly analyzovany pomoci MEKC v topickém piipravku
Ketoprofen gel 2,5 %. Separace probihala v zakladnim elektrolytu se sloze-
nim: somM tricin, 3omM SDS, smM B-cyklodextrin, 15 % (v/v) methanol.
pH* bylo upraveno pomoci NaOH na hodnotu 8,3. Celkova doba analyzy byla

pfiblizné 12 minut.

U vSech vypracovanych metod byly vyvinuty ptivodni elektrolytové systémy
a predlozené metody byly validovany v souladu s pozadavky farmaceutickych auto-

rit.
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7. Summary
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The thesis deals with the use of electrophoretic methods in the analysis of

pharmaceutically important compounds.

In the theoretical part, the principles of basic techniques (like CZE, MEKC, ITP
etc.) as well as on-line preconcentration methods (stacking, sweeping, ITP-CZE,

tITP) are described.

The first part of the experimental work deals with the use of on-line sample
preconcentration techniques (ITP-CZE and LVSS with polarity switching) for the

analysis of the complex matrices of plant origin.

1. The on-line ITP-CZE was used for the separation and quantification of phe-
nolic acids derived from benzoic and cinnamic acids in methanolic extract of
Epilobium parviflorum. BGE-S-BGE electrolyte system was used for the sepa-
ration. The leading electrolyte in the ITP pre-separation step was 0.01tM HC]l,
0.02M imidazol, 0.2% HEC with pH 7.2; the terminating electrolyte was
0.01M HEPES with pH 8.2. The background electrolyte in the electrophoretic
step contained 2smM MES, 5omM TRIS, 30mM boric acid, iomM
a-cyclodextrine, 0.2% HEC of pH 8.3. A single analysis took 25 min. No spe-

cial sample pretreatment was required.

2. The next work focused on the application of a stacking-CZE method used for
the separation and determination of eight phenolic acids in an extract of Epi-
lobium parviflorum. Large-volume sample stacking technique with polarity
switching mode was optimized. The optimal electrolyte system consisted of
somM boric acid and 2% of a-cyclodextrine of pH 9.0. Injected sample vol-
ume represented 70 % of the capillary volume and the reverse polarity
switching time was 1.8 minutes. A 40-fold sensitivity enhancement was at-

tained.

3. The on-line ITP-CZE was used for the separation and quantification of phe-
nolic acids and flavonoid quercitrin in Melissa officinalis. BGE-S-BGE system
was used for the separation. The leading electrolyte in the ITP pre-separation
step was 0.01M HCl, 0.02M TRIS, 0.2% HEC of pH* 7.2; the terminating elec-
trolyte was somM boric acid of pH* 8.2. The background electrolyte in the
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electrophoretic step contained 23mM MOPSO, 5omM TRIS, 4omM boric
acid, 0.2% HEC of pH* 8.1. A single analysis took 35 min.

The second part of the scientific work deal with the use of CZE and MEKC in

routine pharmaceutical analysis.

4. Capillary zone electrophoresis with indirect UV detection at 215 nm was ap-
plied for the separation and determination of mannitol and sorbitol in the
form of anionic borate-polyol complexes. The background electrolyte con-
sisted of s5omM borate (pH 9.3, adjusted with triethylamine) containing
10mM 3-nitrobenzoate as the chromogenic co-ion. The separation took about

13 min.

5. Non-steroidal anti-inflammatory drug ketoprofen and preservatives (methyl-
paraben and propylparaben) in a pharmaceutical preparation were analysed
by MEKC. The optimum background electrolyte was 5omM tricin, 4omM
SDS and 5mM B-cyclodextrine of pH* 8.3. The content of methanol in BGE

was 15 % (v/v). Single analysis took less than 12 minutes.
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8. Seznam pouzitych zkratek
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ACES

BES

BGE

CEC

CGE

CMC

CTAB

CZE

DAD

EKC

EOF

FASI

FASS

HEC

HEPES

HVLP

IEF

ICH

ITP

LVSS

MEEKC

MEKC

MES

MOPSO

N-(acetamido)-2-aminoethan sulfonova kyselina
N,N-bis[2-hydroxyethyl]-2-aminoethansulfonova kyselina
zakladni elektrolyt

kapilarni elektrochromatografie

kapilarni gelova elektroforéza

kritickd micelarni koncentrace
cetyltrimethylammonium bromid

kapilarni zonova elektroforéze

diode array detector

elektrokineticka chromatografie

elektroosmoticky tok

Zakoncentrovani s vyuzitim elektrokinetického davkovani
Zakoncentrovani vzorku zesilenim pole
2-hydroxyethylceluldza
1-(2-hydroxyethyl)-piperazin-1-ethansulfonova kyselina
hromadné vyrabeny lécivy piipravek

izoelektricka fokusace

International Conference on Harmonisation
izotachoforéza

Zakoncentrovani vzorku z velkého objemu
mikroemulzni elektrokinetickda chromatografie
micelarni elektrokineticka chromatografie
2-morpholinoethansulfonova kyselina

3-(N-morfolino)-2-hydroxypropansulfonova kyselina
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NACE

NMR

NSAID

RSD

TAPS

tITP

TRICIN

TRIS

nevodna kapilarni elektroforéza

nuklearni magneticka rezonance

nesteroidni protizanétliva latka

relativni smérodatnd odchylka
N-[tris(hydroxymethyl)methyl]-3-aminopropansulfonova kyselina
prechodna izotachoforéza
N-(2-hydroxy-1,1-bis(hydroxymethyl)ethyl)glycin

1,1,1-tris-(hydroxymethyl)-aminomethan
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9. Rejstrik
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—A—
aditivum, 23, 24, 25, 27
—B—
bod
izoelektricky, 32
Bubble-cell, 16, 35
—C—
¢islo
agregacni, 26
—D—
davkovani
elektrokinetické, 15, 39
hydrodynamické, 14, 15, 20, 36
délka
celkova, 13, 20
efektivni, 13, 20
detekce
elektrochemicka, 17
nepiima, 16, 17, 65
spektrofotometricka, 13
difaze, 23, 25, 30, 32, 33
dimethylsulfoxid, 21
disperze, 32

elektromigracni, 23, 24, 35

dodecylsiran sodny, 27, 29, 68, 150, 153

dvojvrstva
elektricka, 20, 21
—F—
efekt
diureticky, 64
samozaostfujici, 30
sifonovy, 15
elektroforeogram, 16, 24, 69
elektroforetické mobility, 18, 22
elektroforéza
kapilarni
gelova, 33
nevodnd, 34

kapilarni zénova, 7, 10, 22, 23, 25, 26,
31, 36, 39, 40, 41, 42, 43, 44, 45, 46,
51, 55, 56, 57, 58, 59, 63, 64, 66, 71,
72, 149, 150, 152, 155

elektrolyt
koncovy, 30

vedouci, 30

zakladni, 22, 24, 25, 33, 36, 37, 38, 39,

41, 42, 43, 44, 45, 52, 53, 54, 56, 60,
61, 62, 65, 68, 149, 152, 153, 155

—F—
faze

micelarni, 28
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mobilni, 26, 32, 33
pseudostacionarni, 25, 26, 46
polymerni, 28
stacionarni, 32, 33
fokusace
izoelektricka, 32, 155
funkce
regulacni, 31
—G—
gel
fyzikalni, 33
chemicky, 33
gradient
PH, 32
teplotni, 24
—Ch—
chromatografie
elektrokineticka, 25

miceldrni elektrokineticka, 10, 22,
26, 27, 28, 35, 46, 68, 72, 149, 150,
152, 153, 155

mikroemulzni elektrokineticka, 26,

29, 30, 155

—
inlet, 13, 39

intenzita

elektrického pole, 17, 23, 30, 31, 36,
37,38

izotachoforegram, 31

izotachoforéza, 7, 10, 22, 30, 31, 35, 39,

40, 41, 42, 43, 44, 51, 53, 54, 59, 60,
61, 63, 66, 71, 72, 149, 152, 155, 156

pfechodna, 43
—K—
kapildrni elektrochromatografie, 32,
155
kartridge, 13
koncentrace
kriticka micelarni, 25, 26, 27, 155
konstanta
dieelektricka, 34
dielektricka, 21
kyselina
cholova, 27
——
limit
detek¢ni, 54, 56, 58, 62, 65, 66, 69
—M—
marker
elektroosmoticky, 28
micela, 26, 27, 28, 29, 46

anionicka, 27
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polymerni, 29
mobilita
efektivni, 19
elektroforeticka, 18, 19
elektroosmoticka, 28
elektroosmotické toku, 22
zdanliva, 22
—0O—
okno
detekéni, 13, 14
elu¢ni, 26, 27, 28

opakovatelnost, 55, 56, 58, 61, 62, 65,
69

—P—
permitivita
relativni, 34
pohyblivost
efektivni, 16, 18, 19, 30, 53, 61
elektroforeticka, 19, 22, 33, 64
iontova, 18
skutec¢na, 18
polarita
reverzni, 26, 37, 38
potencial

zeta, 21

prekoncentrace, 35, 36, 46
pufr

mikroemulzni, 29

—S—

sila

elektrostaticka, 18

frikéni, 18

iontova, 18, 19, 21, 22, 37, 39
sito

molekuldrni, 33

sorpce, 23, 24

stacking, 8, 10, 35, 36, 37, 56, 57, 58, 72,

149, 152
standard
vnitini, 62, 68
sténa
kapilarni, 24
stupeni
disociacni, 19
surfaktant, 26, 27, 29, 46, 68
amfoterni, 27
anionicky, 27
kationicky, 26
neionogennti, 27

sweeping, 8, 35, 46, 149, 152
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.
teplo

Jouleovo, 24
tok

elektroosmoticky, 14, 20, 21, 22, 23,

25, 26, 27, 32, 33, 34, 38, 39, 45, 46,
155

hydrodynamicky, 19
—\V—
viskozita, 18, 21, 33, 34
dynamicka, 35
vodivost, 36, 39, 46
vrstva

Gouy-Chapmanova, 20

Sternova, 20
-7
zakon
Ohm1v, 31
zakoncentrovani

s elektrokinetickym davkovanim,
38,39, 155

z velkého objemu, 37, 38, 39, 55, 56,
59, 149, 152, 155

zesilenim pole, 36, 155

Z-cell, 16, 35
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