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ABSTRAKT

Univerzita Karlova v Praze, Farmaceuticka fakulta v Hradci Kralové
Katedra analytické chemie

Kandidat: Mgr. Markéta Drastikova (roz. KaSparova)

Skolitel: Prof. RNDr. Petr Solich, CSc.

Nazev disertacni prace: VyuZiti separacnich metod v klinickém vyzkumu

Predkladana prace se zabyva vyvojem a validaci chromatografického stanoveni

liposolubilnich vitamini a optimalizaci vhodnych postupti ptipravy biologického materialu.

V prvni ¢asti je feSena problematika stanoveni vitamind D, A a E v séru. Pro separaci analytt
byly vyvinuty postupné¢ dvé metody. 1) Separace na monolitnich kolonach — byly pouzity dvé
sériové zapojené monolitni kolony Chromolith Performance RP-18e, 100x4,6 mm a
SpeedRod RP-18e, 50x4,6 mm. Vitaminy 1,25(OH),D3, 25(OH)Ds3, retinol, tokol (vnitini
standard), cholekalciferol, ergokalciferol a a-tokoferol byly separovany béhem 6,5 minuty.
Extrémné rychla zména slozeni i prutoku mobilni faze byla zajisténa skokovym gradientem.
Takto byla maximalné vyuZzita velmi rychla ekvilibrace monolitnich kolon. 2) Separace na
koloné s ¢asticemi s pevnym jadrem — kolona Ascentis Express RP-Amide 75x3,0 mm. Pro
rychlou separaci byla pouzita gradientova eluce. Stanoveni retinolu, 25(OH)D,, 25(OH)D3,
tokolu (vnitini standard) a a-tokoferolu po optimalizaci separace necistot pfitomnych ve
vzorku trvalo 8,5 minuty. Pii vybéru vhodné ptipravy vzorku byly porovnavany postupy
extrakce na pevnou fazi (SPE) a extrakce z kapaliny do kapaliny (LLE), které byly vyvinuty.
Jako vhodngjsi byl zvolen LLE postup, ktery optimalizoval uvolnéni analytii z proteinovych
nosict. Pfidavkem EDTA ke vzorku pfed deproteinaci a okyselenim extrakéniho prostredi
kyselinou trichloroctovou bylo dosaZzeno vytéznosti stanovovanych vitaminti mezi 98—109 %.

Cely postup ptipravy vzorku trvd méné nez 45 minut.

Druhé cast prace je vénovana vyvoji postupu piipravy vzorku pro stanoveni retinolu a -
tokoferolu v matefském mléce. Také v tomto piipadé byla zvolena LLE. Postup zahrnujici
deproteinaci, saponifikaci a samotnou extrakci byl validovan podle pozadavkid FDA.
Vytéznost retinolu se na tfech koncentracnich hladinach pohybovala mezi 82-90 %, a-
tokoferolu 92-109 %. Metoda byla aplikovana na vzorky matefského mléka. Ze zavéru
statistického hodnoceni vyplyva, Ze koncentrace retinolu v pribéhu laktace statisticky

vyznamné kles4 na hladin€ vyznamnosti 5%.



ABSTRACT

Charles University in Prague, Faculty of Pharmacy in Hradec Kralové Department of
analytical chemistry

Candidate: Markéta Drastikova (maiden name Kasparova)

Supervisor: Prof. RNDr. Petr Solich, CSc.

Title of Doctoral Thesis: Using of separation methods for clinical research

This doctoral thesis deals with development and validation of a chromatographic
determination of liposoluble vitamins and with optimization of biological materials

preparation.

The first part of this work is focused on vitamins D, A and E assessment in serum. To
separate studied analytes two different methods were developed successively. 1) Separation
employing monolithic columns — two different monolithic columns Chromolith Performance
RP-18e, 100x4.6 mm and SpeedRod RP-18e, 50x4.6 mm were connected in series. Vitamins
1,25(0OH),D3, 25(0OH)Ds, retinol, tocol (internal standard), cholecalciferol, ergocalciferol and
a-tocopherol were separated within 6.5 minutes using step gradient elution. 2) Separation
exploiting a core-shell column — Ascentis Express RP-Amide 75%3.0 mm. To decrease the
separation time a linear gradient was employed. The determination of 25(OH)D,, 25(0OH)Ds,
tocol (internal standard) a-tocopherol took 8.5 minutes within separation of impurities.
Developed solid phase (SPE) and liquid-liquid extraction (LLE) procedures were compared to
select optimal method of sample preparation. A liquid-liquid extraction (LLE) was used as a
preseparation step to release vitamins bound to carrier proteins. The addition of EDTA before
deproteination and extraction agent acidification resulted in the optimized preseparation

procedure. The sample preparation took less than 45 minutes providing recovery 98-109 %.

In the second part of this work a development of a human breast milk sample preparation is
described. In this case, retinol and a-tocopherol were the analytes. The LLE was the method
of choice preceded by deproteination and saponification. The whole procedure was validated
according to FDA demands. The recovery at three concentration levels was 82-90 % and 92—
109 % for retinol and a-tocopherol, respectively. The optimized method was applied on real
samples and evaluated. A statistically significant (a=0,05) decrease in retinol concentration

during lactation period was observed.
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2 Uvod

Vzhledem k poznatkim poslednich sta let, které objasfiuji nové souvislosti biochemickych
pochodi a sledovanych biologicky aktivnich latek, mnozstvi biochemickych vySetfeni
pouzivanych v klinické praxi i vyzkumu neustale roste. Tento stav vyzaduje nejen aktivni
pristup pii vyhledavani a testovani bioaktivnich molekul jako novych prediktivnich markert,
ale také klade nemalé naroky na laboratorni metodologii a vybaveni. Hlavni pozadavky na
laboratorni suplement vychazi také zjasného trendu zpfistupnéni novych Kklinicky
vyznamnych stanoveni pro lékafe mimo velké nemocnice. RozSifeni spektra markert
dostupnych pro klinické zhodnoceni pacienta umozni vc€asnou diagnostiku zavaznych
civiliza¢nich chorob. Celkovy pfistup k laboratorni metodologii samoziejmé ovliviiuje také
velky tlak na ekologi¢nost v§ech postupt. Konkrétné se tento piistup projevuje v pozadavcich
na minimalizaci tvorby odpadu a omezovani mnozstvi pouzivanych nebezpe¢nych latek a

organickych rozpousteédel.

Separacni metody, které jsou tématem mé disertacni prace, spliuji vétSinu pozadavkl

(e

kladenych na novodoby laboratorni komplement. Obzvlasté v klinickém vyzkumu umoziuji
na zakladé¢ dobfe prozkoumanych principli pomoci modernich pfistupli znacné rozsifit
spektrum analytickych stanoveni. Naptfiklad nové materidly staciondrnich fazi
chromatografickych kolon zvySuji specifitu a selektivitu zékladnich separacnich procest.
Novodobé UHPLC systémy jsou pfizpisobené vysokym zpétnym tlakiim, které vznikaji pti
separaci na ¢asticich menSich nez 2 um. DalSi moZnosti zlepSeni separace a zrychleni analyzy
jsou castice s pevnym jadrem a poréznim povrchem. Nenahraditelné misto maji separacni
metody pii ptipraveé vzorkil pfed samotnym stanovenim. Rozdéleni biologického materidlu na
zaklad¢ fyzikalnich principt (rozdéleni pevné a kapalné slozky materialu, jednotlivych druht
bun¢k nebo dokonce organel), piipadné dalsi oddé€leni skupiny analytd na zakladé¢ fyzikalné-

chemickych vlastnosti molekul napf. extrakce, umoznuje odstranéni interferujicich

komponent.

Separacni analytické metody umoziuji stanoveni vice analyti z jednoho vzorku. Cas potiebny
na jedno vysetieni je tak oproti jinym metodam krat$i. Dalsi vyhodou je méfeni vétSich sérii

vzorku.



3 Cile prace

Cile této disertacni prace vychazely z konkrétnich pozadavki na Vyzkumnou laboratot III.
Interni gerontometabolické kliniky ve Fakultni nemocnici v Hradci Kralové, kde jsem
pracovala v priabéhu celého svého doktorského studia. Laboratof se zaméfuje na vyvoj novych
modernich chromatografickych metod vhodnych pro klinicky vyzkum. Jsou zde
zpracovavany vzorky biologického materidlu ziskané béhem klinickych studii nejenom ve
Fakultni nemocnici v Hradci Kralové. Laboratot spolupracuje také s klinickymi pracovisti
z jinych nemocnic v Ceské republice a s odborniky a analytickymi laboratofemi po celém

SVEtE.

Jednim z ukoll laboratofe byl vyvoj chromatografické metody pro stanoveni vitaminu D
vzhledem ke klinickému vyznamu pro mnoho civiliza¢nich onemocnéni a naristu pozadavka
na jeho vysetfeni. V poslednich péti letech byla vyvinuta fada metod pro stanoveni vitaminu
D z biologického materialu, problémem je ale jejich porovnatelnost a standardizace. Spatna
navaznost riznych metod stanoveni na certifikované referenni materidly a dfive také jejich
nedostupnost zpusobila velké problémy s moznosti klinického hodnoceni stavu pacientt.
Chromatografické stanoveni vitaminu D na rozdil od imunochemickych stanoveni umoziuje
rozlisit oba vitamery (cholekalciferol a ergokalciferol). Pozadavek, ktery vznikl z této situace,
byl vyvoj vhodné chromatografické metody pro stanoveni vitaminu D a jeho metaboliti,
ale také ostatnich liposolubilnich vitamini v lidském séru pro mozné¢ komplexni
hodnoceni stavu pacienta. Chromatograficka metoda vyzaduje Gipravu vzorku pied samotnym
stanovenim, vhodna extrakce analytli z biologického materialu zvySuje selektivitu i citlivost
stanoveni. Na vyvoj extrakéni metody byl kladen velky diraz, protoZe v dobé feSeni tikolu
Vv laboratofi byl dostupny pouze chromatograf s UV detekci. ZvySeni citlivosti stanoveni na
zéklad¢ Cistoty pfipraveného vzorku a ptripadného zakoncentrovani analytli bylo zcela

zasadni.

Dal$im cilem této prace bylo vyvinout, zvalidovat a zavést extrakéni metodu pro
stanoveni liposolubilnich vitamini v matefském mléce. Divodem byl pozadavek na
moznost hodnoceni mnozstvi vitamind v matetském mléce, a zda je dodavani vitaminil ditéti
pfi plném kojeni dostatecné. Dalsi poZadavek na vhodnou metodu stanoveni vitamini
v mateiském mléce vychazel z ¢innosti Mlécné banky, kterd je soucasti FN Hradec Kralové.

Matetské mléko od darkyn je zde skladovano pro akutni pfipady, kdy matka neni schopna dité



kojit. Stanoveni vitaminii ve vzorcich mléka z Mlé¢né banky je zasadni pro kontrolu stability
Vv pribehu tepelné upravy a skladovani. Dale také jako nastroj hodnoceni vhodnosti vzorku
pro konkrétniho novorozence. Pozadavky ditéte a obzvlast¢ nedonoSenych novorozencii na

mnozstvi pfijimanych vitamina se méni v priabéhu jejich vyvoije.

Dalsim, nemén¢ dualezitym tkolem, byla spoluprace na probihajicich vyzkumnych projektech
Fakultni nemocnice Hradec Kralové. Prevazné se jednalo o zpracovéani vzorkd, stanoveni
pozadovanych analytl, statistiké zhodnoceni vysledkii a ve spolupraci s kliniky publikacni
vystupy. Mezi stanovované parametry patfily retinol a a-tokoferol, vitaminy stanovované ve
Vyzkumné laboratofi III. Interni gerontometabolické kliniky. Velka ¢ast zpracovanych vzork
byla soucasti spoluprace s klinikou Onkologie a radioterapie. V séru pacientli byly sledovany
zmény parametra v prabehu 1écby. Dilezitym projektem bylo zpracovavani vzorkl pacientil
lécenych LDL aferézou a rheoferézou. Cilem této studie bylo pokracovat v dlouhodobém

sledovani parametrd stanovovanych v séru pacientti pied a po 1écebné procedure.



4 Teoreticka vychodiska

4.1 Stanovované liposolubilni vitaminy

Zakladni rozdéleni vitamini na zakladé jejich rozpustnosti vychazi v podstaté z historie
prvnich objevil vitaminl. V tucich rozpustny vitamin A objeveny v tresCich jatrech a ve vodé

rozpustny vitamin B objeveny v kvasinkach [1].

Do jednotlivych skupin vitamint patii chemicky podobné substance (vitamery), které maji
stejnou biologickou aktivitu. Tato biolologicka G¢innost neni ale pro vSechny vitamery stejna
ve smyslu kvantitativnim [1]. Mezi liposolubilni, v tucich rozpustné, vitaminy patii skupina
retinolll (vitamin A), tokoferolli (vitamin E), kalciferolt (vitamin D) a fyllochinonu (vitamin
K). Tyto molekuly maji vyznamné hydrofobni vlastnosti. Tabulka 1 shrnuje stanovované

vitamery a aktivni metabolity jednotlivych vitamint.

Vitamin Vitamer Aktivni metabolit
vitamin A all-trans-retinol
vitamin E a-tokoferol

25-hydroxycholekalciferol
cholekalciferol (D3)
1,25-dihydroxycholekalciferol
vitamin D
25-hydroxyergokalciferol
ergokalciferol (D)
1,25-dihydroxyergokalciferol

Tabulka 1: Stanovované vitamery a aktivni metabolity liposolubilnich vitaminid (upraveno podle [1])

4.1.1 Fyzikalni vlastnosti

V pribéhu piipravy vzorku pfevazné pii extrakci analytld z matrice vzorku a béhem separace
jednotlivych vitamini pfed samotnou detekci hraji fyzikalni vlastnosti stanovovanych
molekul zasadni roli. Ovliviiuji selektivitu a specifitu celého procesu. Pouze vhodné zvolené
vlastnosti prostfedi v pribéhu pfipravy vzorku i1 samotného stanoveni umozni detekovat
vybrané vitaminy bez ziskani faleSné¢ pozitivnich nebo negativnich vysledki. Hodnoty
vybranych fyzikdlnich vlastnosti, které jsou dulezité pro ptipravu vzorku a detekci, jsou pro

stanovované vitamery shrnuty v tabulce (Tabulka 2).



MW?®  logP®  polarni plocha® Al Aex: Aem

Vitamer Sumarni vzorec g/mol A? nm nm nm
All-trans-retinol CooH30 286,45 6,84 20,23 325 325 470
a-Tokoferol C29Hs5002 430,71 10,96 29,46 292 295 320
Cholekalciferol Co7H10 384,64 9,09 20,23 265
Ergokalciferol CyHu40 396,65 9,15 20,23 264
25(0OH)D3 C27H140, 400,64 7,08 40,46 265
25(0H)D, CosH402 412,65 7,39 40,46
1,25(0OH);D3 C27H1404 416,64 5,63 60,69 264
1,25(0OH),D; CogH403 428,64 5,94 60,69

Tabulka 2: Fyzikalni vlastnosti vybranych liposolubilnich vitamint

suma atomovych hmotnosti v§ech atomd molekuly

rozdélovaci koeficient — pomér koncentrace analytu mezi dvéma vodnymi fazemi (predikce ACD/PhysChem Suite)
vypocitany polarni povrch molekuly (predikce ACD/PhysChem Suite)

¢ & T hodnoty absorpéniho maxima, excitaénich a emisnich vinovych délek byly pievzaty z literatury [1]

a
b
c
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4.1.2 Chemické viastnosti

Pro skupinu liposolubilnich vitaminli je typickd pfitomnost péti-uhlikaté isoprenové jednotky
v molekule. Molekuly sice obsahuji n€které polarni skupiny, ale zakladni strukturou je aromaticky

nebo alifaticky fetézec.

4.1.2.1 Vitamin A

Vitamin A se vyskytuje ve dvou formach: Al (retinol — struktura viz Obrazek 1) a A2 (3-
dehydroretinol — struktura viz Obrazek 2). Mezi retinoly patii celkem 16 cis, trans izomeru, které

vznikaji na ¢tyfech dvojnych vazbach postranniho fetézce [2].

HiC  CHj CHs CH3
N
IS OH
CH,
Obrazek 1: Strukturni vzorec retinolu
HyC  CHj CHs CH3
T TR OH

CH,

Obrazek 2: Strukturni vzorec 3-dehydroretinolu

[zomerace je jednim ze zakladnich funkcnich pfemén retinolli. Rychld, svétlem indukovana,
izomerace 11-cis retinalu na all-trans umozinuje zménu konfigurace molekuly na takové urovni, zZe
dochézi k uvolnéni Schiffovy baze mezi vitaminem a bilkovinou opsinem. Také jaderné receptory
pro retinovou kyselinu (RA) maji riznou afinitu k nékterym cis- izomerim. All-trans izomery
retinové kyseliny maji vysokou afinitu pouze k RAR (retinoic acid receptor), zatimco 9-Cis retinova
kyselina ma vysokou afinitu k receptorim RAR i RXR (retinoid ,,x“ receptor). 13-Cis retinova
kyselina hraje pravdépodobné zdsadni roli v regulaci oxidace retinolu na aktivni metabolity,

diivodem je ireverzibilita reakce druhé faze oxidace na kyselinu retinovou [1].
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Funk¢ni metabolity vznikaji v organismu oxidaci zakladnich molekul na Cis. Retinal je zcela
zasadni pro proces vidéni. Kyselina retinovd odpovida za funkce nesouvisejici s vidénim. Vazbou
na specificky jaderny receptor ovliviiuje expresi genti a dale bunécnou diferenciaci, embryonalni
Vyvoj a imunitni reakci. PFitomnost neoxidované molekuly retinolu v organismu je nepostradatelna

pro reprodukéni funkei [1].

4.1.2.2 Vitamin E

Vitamery, které fadime do funk¢ni skupiny vitaminu E, vychazeji ze dvou zakladnich skupin:
tokoferoli a tokotrienoli. Podle poctu methylovych skupin a jejich polohy na chromanovém jadie
jsou jednotlivé analogy pojmenovany (o- trimethyl, B- a y- dimethyl a 8- monomethyl derivat).

Rozliseni jednotlivych skupin a struktura jejich analogt viz Obrazek 3.

o— B—

CH, CHy
HO HO

CH; CH;

HO HO

CH; CHj

H,C CH,
\W tokoferol

CH, CHj CHg
R
HsC CHs
X BN AN .
tokotrienol
CHs CHj CHj

Obrazek 3: Struktura methylovanych analogi skupiny tokoferolu a tokotrienolu
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Na postrannim fetézci molekul miize dochazet k izomeraci. Biologickd aktivita molekuly souvisi
s epimerni konfiguraci v poloze 2, ktera je rozpoznavana specifickym receptorem ve tkanich. Jako
mezinarodni standard aktivity vitaminu E je povaZzovan vitamer R,R,R-a-tokoferol. Oproti tomuto

sterecizomeru maji - a y- vitamery zanedbatelnou biologickou u¢innost [3].

Zakladem antioxida¢ni funkce a-tokoferolu je oxidace chromanolového kruhu. Nejprve vznika
tokoferoxylovy radikal a dalsi oxidaci tokoferylchinon, ktery uz nema zadnou biologickou aktivitu
vitaminu. Tato katabolickd reakce pokraCuje CasteCnou redukci a konjugaci s glukuronovou
kyselinou. Piedpoklada se, Ze tokoferoxylovy radikdl muze byt castecné redukovan zpét na
tokoferol tim, ze hydroxylovy elektron je pfedavan postupné mezi nékolika redukénimi systémy

bunky. Takto mize pokracovat recyklace vitaminu, dokud neni redukéni systém vycerpan [3].

Katabolické reakce tokoferolu probihaji také na postrannim fytylovém fetézci. Tuto reakei
zprostiedkuje cytochrom P450, nejprve probiha B-hydroxylace a dehydrogenace na 13°-chromanol,
dale je postranni fetézec zkracen o dvou a tfi uhlikaté fragmenty. Vznikaji Simonovy metabolity
(tokoferonova kyselina tokoferonolakton), které jsou vylu¢ovany moci jako konjugaty s kyselinou

glukuronovou [1].

4.1.2.3 Vitamin D

Vitamin D se vyskytuje ve dvou vitamerech cholekalciferol (vitamin D3;) a ergokalciferol
(vitamin D). Ob¢ dvé formy vznikaji z provitaminu (7-dehydrocholesterol a ergosterol) po
absorpci UV zafeni (v rozsahu 295-300 nm) B kruhem sterolového jadra. Dochazi k otevieni a
izomeraci kruhu. Clovék timto zptisobem pieménuje pouze 5-15 % provitaminu piitomného v kizi.
Utinnost konverze zavisi na mnozstvi piitomného provitaminu, dostate¢né piitomnosti UV zafeni a
samoziejmé na prostupnosti vrchnich vrstev klize. Nedostate¢na expozice slune¢nimu svitu je
disledkem Zivotniho stylu ¢lovéka (obleceni chrani vétSinu povrchu téla, pobyt na ptimém slunci se
zkracuje, pouziti krémul s ochrannymi faktory). Potfebny osvit kolisa také v zavislosti na ro¢nim
obdobi a vzdalenosti od rovniku [3]. Reakci zabranuje také ptitomnost kozniho pigmentu —

melaninu, ktery absorbuje zateni v rozsahu mezi 290-700 nm [1].

Cholekalciferol ani ergokalciferol nejsou ucinné formy. Aktivni metabolit vznikd postupnou
hydroxylaci, prvni probiha v jatrech. 25-Hydroxylaza je pfitomna v endoplazmatickém retikulu
(nizko afinitni, vysoce kapacitni enzym) a v mitochondriich (vysoce afinitni, nizkokapacitni

enzym). Hydroxylaci na 25. uhliku postranniho fetézce vznikd metabolit, ktery se v séru ve vazbé
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na DBP (vitamin D vazajici protein) vyskytuje v nejvyssich koncentracich oproti ostatnim

metabolitim (kalcidiol — struktura viz Obrazek 4 a Obrazek 5).

Obrizek 4: Kalcidiol — 25(0H)D,

Obrizek 5: Kalcidiol — 25(0H)D;

Dalsi hydroxylace (C-1) na kruhu A probiha primarné v mitochondriich ledvin. Vznik aktivniho
metabolitu (kalcitriolu — struktura viz Obrazek 6 a Obrazek 7) je ptisné regulovan, obrat aktivniho
metabolitu (hormonu) je velmi rychly s polo¢asem 4-6 hodin. Koncentrace kalcitriolu v séru je

1000 krat mensi nez kalcidiolu. ProtoZe se vyskytuje v koncentracich 10" mol/l a mé velmi rychly

obrat v organismu, neni proto vhodnym biomarkerem ukazujicim na stav vitaminu D v organismu

[3].

Obrazek 6: Kalcitriol — 1,25(0OH),D,
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Obrazek 7: Kalcitriol — 1,25(0OH),D,

Vitamin D je katabolizovan dal§imi hydroxylacemi (C-24 nebo C-23), tvorbou laktonu ptipadné

glukuronidd nebo sulfatt. Jsou vylu€ovany spole¢nou cestou se zlu¢ovymi kyselinami [1].

4.2 Separacni metody — vyuziti v klinické praxi a vyzkumu

Klinické laboratofe jsou zaméfeny na stanoveni, kterd jsou pii péci o pacienta pozadovdna beézné.
Vysledky vSech stanoveni musi byt piesné, spravné a rychle dostupné Dal$im a nékdy i velmi
omezujicim pozadavkem je celkovd cena stanoveni, kterou ovlivitluje nejenom cena pouzitych

chemikalii a spotfebniho materialu, ale také potizovaci néklady pfistroje.

Pozadavek na rychlost a dostupnost zékladnich vySetfeni je vice méné€ vyfeSen automatizaci, ktera
Vv laboratofich v souc¢asné dobé prevlada. PIn¢ automatizované systémy témeét eliminuji manudlni
praci se vzorkem. To samoziejmé& vede ke zrychleni celého procesu a minimalizaci rizika chyb

vzniklych vlivem lidského faktoru.

Zakladnimi detekénimi principy vétSiny biochemickych stanoveni jsou spektrofotometrie,
turbidimetrie nebo nefelometrie. Tyto techniky povétSinou nemaji specifické pozadavky na
operatora piistroje. Jednotlivé kity obsahuji nejenom potiebné reagencie pro chemickou,
enzymatickou nebo imunochemickou reakci, ale také presny postup meéfeni, které celé 1
s vyhodnocenim provadi analyzator. Pouziti enzymu a pozdéji 1 monoklondlnich protilatek znacné

zlepsilo specifitu vySetfeni a umoziuje stanoveni konkrétniho analytu pfimo ze smési.

Separa¢ni metody ve vétSin€ piipadi zatim neumoziuji automatizovat celé stanoveni. Castéji
samotnému stanoveni pfedchazi piiprava vzorku, ktera ptrestoze zvysuje specifitu, prodluzuje Cas
potiebny k ziskani pozadovaného vysledku. Nevyhodou samoziejmeé jsou i vys$si potfizovaci naklady

a pozadavky na operatora obzvlasté v ramci interpretace vysledku.
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Ptesto vyhody separacnich metod v klinické praxi i ve vyzkumu jsou nesporné. Separacni metody
mohou byt pouzivany jako preparativni nebo analytické metody. Umoziiuji eliminovat interference
tak, aby mohl byt analyt kvantitativné stanoven v komplexni smési, a odd¢€lit a stanovit n¢kolik
podobnych latek v ramci jednoho méfeni [4]. Proto mohou poskytovat vice informaci najednou a
v krat§im case tak muize byt stav pacienta zhodnocen komplexnéji. Napiiklad aminokyseliny,
bilkoviny a nukleotidy se v lidském téle vyskytuji jako vétsi skupiny chemicky podobnych latek,
jejichz komplexni analyza muze poskytnout mnoho informaci pii prvotnim screeningu. Obrovské
uplatnéni maji separa¢ni metody pii hledani novych markert, v toxikologii a jako nastroj kontroly

lIékovych hladin u 1€ku, které maji velmi malé terapeutické rozmezi [5].

4.2.1 Chromatografické metody

Principem chromatografickych metod je separace latek na zékladé kontinualniho ustanovovani
fazové rovnovahy mezi staciondrni a mobilni fazi. Distribuce latek mezi tyto dvé faze ovliviiuje
pevnost mezimolekularnich vazeb vytvofenych mezi analytem a fazemi a dostupnost staciondrni
faze, kterd je z velké Casti determinovana geometrii této faze. Podle skupenstvi mobilni faze

rozd€lujeme chromatografii na kapalinovou (LC), plynovou (GC) a superkritickou fluidni (SFC)

[6].

Molekularni interakce, které vyjadiuji relativni afinitu analytu ke staciondrni nebo mobilni fazi,

vznikaji na zéklad€ disperznich, polarnich a iontovych sil.

Zmény dipdlovych momentl jader a elektront umoziuji elektrické interakce s jinymi molekulami
zvané disperzni sily. Molarni polarizovatelnost vyjadfuje vlastnost molekuly vytvéret tyto sily.
Nejedna se o interakce mezi konkrétné lokalizovanym nébojem vzniklym na molekule, ale o

interakce vzniklé na zaklad¢ stale se ménicich polarit blizkych molekul [7].

Polarni interakce jsou elektrické sily mezi lokalizovanymi naboji vzniklymi na molekule na
zéaklad¢é dipolu. Musi byt doprovédzeny disperznimi pifipadné iontovymi silami. Jedna se o silné
interakce, vysledkem mohou byt slabé chemické vazby (napf. vodikova vazba). Interakce je
ovlivnéna vzajemnou vzdéalenosti molekul. Dipdlovy moment mize byt v molekule kompenzovan,
proto polarizovatelnost molekuly nepopisuje pfesné stav, kdy vznikne interakce. Interakce mohou
vznikat mezi permanentnimi dipoly nebo mezi dipdlem permanentnim a indukovanym vzniklym

naptiklad na aromatickém jadie slouceniny [7].

16



Iontové interakce vznikaji mezi molekulami, které maji nadboj. Tyto interakce jsou doprovazeny
také disperznimi i polarnimi interakcemi, ale v iontové vymeénné chromatografii jsou iontové

interakce pievladajicimi silami pro retenci analytu na stacionarni fazi [7].

Na zakladé interakci, které molekula analytu umoznuje vytvaiet, je zvolena stacionarni faze.
V plynové chromatografii jsou interakce s mobilni fazi velmi slabé, proto v podstaté neovliviiuje
selektivitu zvoleného systému. Naopak mobilni faze v kapalinové chromatografii umoznuje volit

prostiedi s riiznymi vlastnostmi potlacujicimi nékteré interakce a tim ovliviiovat selektivitu.

Zmény geometrie stacionarni faze ovliviluji uCinnost chromatografického  systému,

umoznuji/znemoznuji vznik molekularnich interakci s analytem.

Zakladni vliv ma mnoZstvi stacionarni faze. Vétsi obsah stacionarni faze umozni vice interakei,
ale méni retenci vSech analytii proporciondlné. V plynové chromatografii jsou pouzivany kolony
naplilové o vnitinim priméru 2—4 mm a délce 2—3 metry nebo kolony kapilarni (100-500pum x 10—
100 m), kde stacionarni faze je vrstva pokryvajici vnitini povrch kolony (0,1-7 um). U kolon pro
kapalinovou chromatografii je mnozstvi stacionarni faze popisovano velikosti plochy povrchu [7].
Ta je ovlivnéna priméarné Sitkou a délkou kolony a velikosti pouzitych ¢astic (Casticové kolony)

nebo velikosti porit (monolitni kolony).

Podle struktury stacionarni faze jsou uskuteCiovany pouze interakce molekul, které odpovidaji
velikostné€ nebo tvarové. Retence analytu, ale nemusi byt zaloZena vyhradné na velikosti molekuly,
vazba mize byt uskuteCnéna v misté odpovidajicim chirdlnimu mistu molekuly analytu. Dalsi
moznosti je ,,vloZeni trojrozmérného obrazu molekuly analytu do staciondrni faze* metodou
molekularniho imprintingu, vazby pak mohou vznikat po celém povrchu molekuly ve specifické

kavité. Takto modifikovana stacionarni faze extrémné zvysuje selektivitu pouzitého systému [7].

4.2.1.1 Plynova chromatografie (GC)

Podle druhu stacionarni faze (pevna latka nebo kapalina) a s tim souvisejiciho zptisobu ustanoveni
rovnovahy latek je plynova chromatografie rozdélovaci nebo adsorpcni. Po néstiiku vzorku dochézi
okamzité ke zplynéni a nosny plyn transportuje vzorek pies kolonu, kde probihd separace,
k detektoru. Rychlost déleni analyti na kolon¢ a selektivita procesu je ovliviiovana teplotou, astéji

je pouzivan teplotni gradient oproti isotermalni separaci.
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Kolony pouzivané pro separaci v plynové chromatografii jsou napliiové nebo kapilarni (oteviené
tubularni). NapIni maze byt pfimo stacionarni faze nebo nosi¢ pokryty vrstvou kapalné staciondrni
faze. Povrch stacionarni faze kapilarni kolony WCOT (wall-coated open tubular column) odpovida
vnitinimu povrchu kolony s minimalni tloustkou vrstvy — filmu. Pokud je stacionarni faze tvofena
porézni vrstvou, pak je jeji povrch vétsi nez vnitini povrh samotné kolony. Staciondrni fize muze
byt pevny absorbent (PLOT, porous-layer open tubular column) nebo kapalina vazana na povrchu

nosi¢e (SCOT, support coated open tubular column) [8].

Mobilni fazi je inertni plyn, ktery nereaguje s analyty, ani nehraje zadnou roli pfi zadrzovani
analytu na staciondrni fazi (neovliviiuje sorpci a desorpci ani rozdélovaci koeficient). Se
zvySovanim teploty roste viskozita mobilni faze. Pokles tlaku v koloné vyvola expanzi plynu a

linearni rychlost mobilni faze (plynu) se od zac¢atku ke konci kolony zvySuje [4].

Nejcastéji pouzivané jsou detektory plamenové ionizacni (FID), elektronového zachytu (ECD) a
tepelné vodivostni (TCD), ale na dilezitosti stale vice ziskdva hmotnostni detektor (MS). Metody
GC-MS slouzi jako toxikologické referencni metody pfi stanoveni 1éki [9, 10] a drog [11, 12] a pfi

monitorovani terapeutickych hladin 1é¢iv naptiklad antiepileptik a antihistaminik [13, 14].

4.2.1.2 Kapalinova chromatografie (LC)

Zcela zéasadni roli pro vyvoj kapalinové chromatografie me¢lo zjiSténi, Ze zmensSeni ¢astic napliové
kolony vede ke zmenSeni vysky teoretického patra (pocet teoretickych pater kolony je piimo
umérny poméru délky kolony a poloméru c€astic) a také ke zvySeni ucinnosti kolon. Soucasné
dochazi i1 ke zkraceni retenénich ¢ast [15]. V soucasné dobé bézné pouzivané Castice o velikosti
méné neZ 2 um vyzaduji pouziti vysokého tlaku pro udrZeni dostatecného pritoku mobilni faze.
Z toho vyplyvaji pozadavky na pouZité piistrojové vybaveni. Pumpa musi generovat vysoky tlak a
bezpulzni, reprodukovatelny prittok. Uginnost separace je ovliviiovana kombinaci pouzitych
mobilnich fazi (tzv. gradientova eluce). Na zakladé zmény vlastnosti mobilni faze je umoznén vznik
novych interakci s molekulami analytu, v ptipad€é, Ze jsou nové interakce silnéjSi nez sily

zpisobujici retenci molekul na stacionarni fazi, dochazi k vymyti.

Utinnost separace miize byt popsana vyikovym ekvivalentem teoretického patra (HETP), které je
vyznamné snizeno pii pouziti mensich ¢astic stacionarni faze. Van Deemterova rovnice popisuje
vliv vifivé (turbulentni) a axialni difuze v mobilni fazi a odpor proti pfevodu hmoty v mobilni a ve

stacionarni fazi na vysSku teoretického patra. V praxi se pouziva zkraceny zapis rovnice zavislosti
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HETP na linearni rychlosti mobilni faze (viz Rovnice 1). Pouziti ¢astic s mensim polomérem ma za
nasledek nejenom vyznamné zvySovani G¢innosti kolon, ale umoziiuje pracovat s vys§im pritokem
mobilni faze bez snizeni uinnosti, protoze minimum kiivky pro malé ¢astice <2 um je ploché a

zasahuje i do oblasti s vyssi linearni rychlosti [16].

HETP=A+E+Cu
u

Rovnice 1: Zavislosti HETP na linearni rychlosti mobilni faze

U linearni rychlost mobilni faze

A B,C konstanty charakterizujici dany chromatograficky systém

A odpovida vlivu vitivé difuze a je pfimo imérna priméru Sastic

B odpovida vlivu longitudinélni difuze

C odpovida odporu proti pfevodu hmoty v mobilni a ve stacionarni fazi a je pfimo timérnd druhé mocniné priméru
castic

Mikroc¢astice o poloméru 1,5-5 um vytvaii v koloné zpétny tlak a pro udrzeni pratoku musi dojit ke
zvysSeni tlaku pumpované mobilni faze. Pozadovana zména tlaku je nepfimo umérna druhé mocniné

pruméru Castic (viz Rovnice 2).

nLu

~ 2 2
d,’d,

AP

Rovnice 2: Zpétny tlak vznikly v koloné v zavislosti na poloméru ¢astic.

77 viskozita mobilni faze

L délka kolony
U linearni rychlost mobilni faze

d, pramér Eastic

d ¢ primér kolony

V pribéhu vyvoje kolon s menSimi ¢asticemi (3,0-5,0 um) byly pfevazné pouzivany kratké kolony
z diivodu vzniku vysokého tlaku v systému, ktery byl na hranicich moznosti konven¢nich systémi
HPLC. Zkracenim kolon, ale casto vedlo ke sniZeni U¢innosti, kterd byla zlepSovana gradientovou
eluci [16]. Nové vyrabéné piistroje (UPLC, UFLC) umoziuji vyuzit kolony s ¢asticemi <2 um za
tlakt presahujicich 40 MPa (6 000 PSI) [17].

Kromé¢ castic, které jsou celé tvofené stacionarni (porézni vrstvou), byly vyvinuty také cCastice
,»povrchové porézni“ (napt. technologie PoroShell a FusedCore). Jadro Castice je pevné, analyty
vstupuji pouze do porézni vrstvy na povrchu ¢astice. S klesajici tlouStkou porézni vrstvy se snizuje

specificky povrch staciondrni faze, a klesa sorp¢ni kapacita kolony. Polomér difuze analytu ve
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stacionarni faze je proto kratsi, cozZ umoznuje zkraceni ¢asu analyzy bez sniZeni G¢innosti kolony
[18]. V soucasné dobé se touto technologii zabyvaji: Advanced Materials Technology (USA,
kolony Halo); Sigma-Aldrich (USA, kolony Ascentis Express) a Phenomenex (USA, kolony

Kinetex).

Jingm smérem ve vyvoji chromatografickych kolon jsou takzvané monolity. Stacionarni faze je
tvofena jednim kusem materidlu, ktery obsahuje mikro- a makro- pory. Jednd se o organické
polymery (polymetakrylaty, polyakrylamidy) nebo anorganické polymery na bazi silikagelu, uhliku
a zirkonu. Tyto stacionarni faze neobsahuji meziCéasticové prostory, pritok mobilni faze je
uskuteciovan makro-pory [18]. Umoziuji pouziti vysokych prutokd (3—10x vysSich oproti

konvenénim ¢asticovym kolonam) bez vyznamného zvyseni zpétného tlaku [16].

Kapalinové chromatografie je v praxi Siroce pouzivanou metodou. Nizkotlaké iontové vyménné
systémy bézné stanovuji hladinu glykovaného hemoglobinu, ktery je zcela zdsadnim stanovenim pii
kontrole diabetiki, 1 v malych biochemickych laboratofich. Vysokouéinna kapalinova
chromatografie obecné vyzaduje snadnéjsi ptipravu vzorku oproti GC a je vhodnou metodou pro
stanoveni latek s vétsi molekulovou hmotnosti. Citlivé elektrochemické a fluorescencni detektory,
ale v soucasné dobé ptrevazné MS detektory umoziuji stanovit nizké koncentrace 1éCiv a jejich
metaboliti napf. antibiotika [19-21], sedativa [22] steroidy [23-25] a dulezité metabolity

endogennich latek napt. aminokyseliny, zlu¢ové kyseliny a lipidy.

4.2.2 Elektroforetické metody

Elektroforetické metody separuji latky na zdkladé rtzné pohyblivosti nabitych molekul
v elektrickém poli. Ve volném roztoku by tcinnost separace byla velmi ovlivnéna difuzi. Tradi¢né
se vyuziva stabilizace prosttedi pomoci geli (polyakrylamidovych nebo agardésovych). Rychlost
pohybu iontu zavisi na jeho mobilité, ktera je ovlivnéna velikosti a nabojem molekuly, a na

aplikovaném elektrickém poli, které je vyjadieno jako napéti/cm.

Gelova elektroforéza byla prvni z pouZzivanych separacnich technik v klinickych laboratotich.
Separovala proteiny pii diagnostice proteinovych malignit [26], nukleové kyseliny [27] nebo
enzymy [28].

Pteneseni elektroforézy na silikagelovy nosi¢ do kapilary ptineslo zlepSeni u¢innosti, zkraceni ¢asu
potfebného k separaci, zmenseni objemu potfebného vzorku a hlavné velky potenciél

k automatizaci. Elektroosmoticky tok, ktery vznika v kapilafe, unasi k detektoru také molekuly,
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které v elektroforetickém toku maji opacny smér. Velkou vyhodou této metody je obrovska
separacni uc¢innost, rychlost a nizké provozni naklady. Hlavni vyuziti nalezla pfi monitorovani
Iékovych hladin a sekvenovani DNA. Separace probihd v n€kolika modech: jako isoelektricka

fokusace, isotachoforéza nebo kapilarni zonova elektroforéza [4].

4.2.3 DalSi separacni metody

Mezi separacni techniky patii metody bézné pouzivané pii ptipravé vzorku. Oddéleni specifické
Casti vzorku na zdkladé jeho fyzikédlnich nebo chemickych vlastnosti plni funkci pfedseparace.
Jasny trend v piipravé vzorku je automatizace a pfimé propojeni primarni separace s analytickou

separaci.

4.2.3.1 Precipitace

Uskutecnitelnost separace latek na zakladé precipitace je zaloZena na rozpustnosti precipititu
vzniklého po reakci precipitacniho ¢inidla a konkrétni molekuly nebo podobnych latek. Interferujici
latky pfitomné ve vzorku musi byt v konkrétnich podminkach plné rozpustné a nevytvaret

koprecipitaty.

Pro separaci anorganickych latek jsou bézné pouzivany precipitace zavislé na pH prostiedi,
hydroxidy, oxidy a kyseliny nckterych prvki maji rozdilné rozpustnosti v pfitomnosti
koncentrované kyseliny dusi¢né, amonného pufru nebo hydroxidu sodného. Mezi dal§i bézna
precipitacni ¢inidla patfi sulfidy chloridy nebo sulfaty. DalSi moZnosti je elektrolyticka precipitace,

pfi které jsou nejsnaze redukovatelné kovy izolovany ze smési na elektrodé.

Rozpustnost proteint v roztoku je zavisla na pH prostiedi, teploté, pfitomnosti soli a na konkrétni
struktufe bilkovin. Debye-Hiickelova teorie popisuje vliv iontové sily prostiedi na rozpustnost
proteini. Molekuly soli obklopuji proteiny a snizuji elektrostatickou atraktivitu okolnich molekul.
(se zvySujici se koncentraci soli roste rozpustnost proteinll). Pfi vysokych koncentracich soli je
repulzni efekt nabojl soli a elektrostatické sily molekul proteinli jsou sniZzeny, aZ na uroven kdy
nastava precipitace. Proteiny jsou méné rozpustné pii pH, které odpovida jejich isoelektrickému
bodu. Misto soli mohou byt pouZity také alkoholické roztoky, které sniZuji interakce mezi proteiny
a rozpoustédlem snizenim dielektrické konstanty [4]. Vzniklé precipitaty jsou od smési oddéleny

centrifugaci nebo filtraci.
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4.2.3.2 Filtrace

Pti filtraci dochazi k separaci na zaklad¢ velikosti molekul nebo precipitath. Filtrace mtize byt
pouzita k pfeciSténi roztokti (napt. filtrace vzorku pfed analyzou, filtrace mobilnich fazi) nebo

k oddéleni precipitatu, ktery obsahuje pozadovany analyt.

4.2.3.3 Centrifugace

Principem centrifugace je sedimentace, kterd je urychlena pisobenim centrifugacni sily. Podle
materialu, ktery je centrifugovan, se muze jednat o separaci Castic od roztoku na zékladé jejich
sedimentacnich vlastnosti. Dals$i moZnosti je odd€leni dvou roztoki o rtizné hustoté. Centrifugace je

ovliviiovana velikosti, tvarem a hustotou ¢astic, viskozitou média a velikosti centrifugaéni sily.

Podle zpusobu provedeni muze byt centrifugace rozdélena na analytickou a preparativni. Mezi
klasické ptiklady pouziti preparativni centrifugace patii: odstranéni bunécnych elementti z plné krve
za Ucelem ziskdni séra nebo plazmy, koncentrace bunéénych elementli nebo bunécnych organel pro
mikroskopické nebo chemické analyzy, odstranéni proteinovych precipitati od tekutiny nebo
separace ligandli ve vazbé na protein nebo protilatku pii imunochemickych analyzach. Prikladem
muze byt také urychleni pfestupu analyti mezi dvéma fazemi nebo rozdéleni lipoproteinovych

castic podle jejich hustoty.

Diferencidlni centrifugace rozd¢li ¢astice na zaklad¢ jejich velikosti a hustoty. Vzorek je rozdélen
do nékolika frakci postupnym zvySovanim relativni centrifugani sily (RCF). V kazdém
centrifugacnim kroku vznika supernatant, ktery obsahuje nesedimentované casti vzorku a peleta
obsahujici ¢astice urcité velikosti a hustoty. Po odebrani supernatantu, ktery je pouzit pro dalsi
centrifugacni krok, je peleta n€kolikrat resuspendovana a promyta homogeniza¢nim roztokem a

centrifugovana za stejnych podminek za jakych byla oddélena od smési.

Centrifugace v hustotnim gradientu muze byt podle provedeni zonalni nebo izopyknicka.
Sedimentace ¢asti zavisi v tomto provedeni nejenom na velikosti, hustoté a tvaru ¢asti, ale také na
hustoté a viskozit¢ média. Pro tvorbu gradientu se pouZzivaji neinteragujici nizkomolekularni latky:
polyhydrické alkoholy (sacharéza, glycerol, sorbitol), polysacharidy (Ficol, dextrany), anorganické
soli (CsCl, Cs,SO4, KBr) nebo jodovana gradientova média. V ptipadé zonalni gradientové
centrifugace je vzorek nanesen na povrch hustotniho gradientu vytvoreného v centrifugaéni
zkumavce. Pisobenim RCF jsou molekuly rozdéleny do zon na zédkladé jejich velikosti a tvaru.

Hustota vSech Castic vtomto provedeni je mnohem vétsi nez hustota média, a proto pii kratké
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centrifugami neovliviiuje rozdé€leni, v ptipad¢ dostatecné doby pisobeni RCF by doslo k tvorbé
pelety na dné centrifuga¢ni zkumavky. Pfi izopyknické gradientové centrifugaci dochazi k tvorbé
gradientu az v prub&hu centrifugace. Vzorek je homogenné smichan s médiem o vétsi hustoté nez
jakékoliv Castice pfitomna ve vzorku. Rozd¢€leni Castic zavisi pouze na hustoté, ktera odpovida
Vv daném misté¢ zkumavky hustot¢ média. Velikost a tvar Castic ovliviiuji pouze rychlost dané

sedimentace [29].

4.2.3.4 Extrakce

Zakladnimi pozadavky na extrakéni metody je: odstranéni matrice vzorku, odstranéni podobnych

molekul jako je stanovovany analyt a zakoncentrovani.

Extrakce z kapaliny do kapaliny (LLE)

Proces extrakce z kapaliny do kapaliny je vyjadien distribuéni konstantou (Rovnice 3) daného
analytu, kterd vyjadfuje pomér koncentraci ve dvou nemisitelnych fazich (vodna a organicka)

V ustaleném stavu.

@ org _ [Alorg

). Al

Rovnice 3: Distribu¢ni konstanta

(aA) aktivita analytu v organické a vodné fazi

[A] molarni koncentrace analytu v organické a vodné fazi

Pfechod analytu mezi fazemi zavisi na Case a velikosti plochy kontaktu. Maze byt usnadnén
snizenim rozpustnosti vzorku v matrici (kapalina ¢islo 1) pfipadné ptidanim komplexotvorného
¢inidla do extrakéni kapaliny. Uéinnost extrakce miize byt zvySena opakovanou extrakci, kdy
dochazi k opétovnému ustaveni rovnovahy koncentraci. Koncentrace analytu, ktera stale zlstava i
po provedeni n€kolika extrakci ve vodné fazi (Rovnice 4) zavisi na distribu¢ni konstanté¢ a na
pouzitém objemu rozpoustédla. Pouziti vice nez 6 extrakci menSim objemem minimalizuje ztraty,

které vyplyvaji z rezidua analytu ve vodné fazi [4].
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Rovnice 4: Vypocet koncentrace analytu ve vodné fazi po i provedeni opakované extrakce

[A]i koncentrace analytu ve vodné fazi po provedeni opakované extrakce

Y/

aq’
K distribuéni konstanta

Vorg objem vzorku (vodna faze), objem jednotlivych porci extrakéniho rozpoustédla

[A]o pocatecni koncentrace analytu ve vodné fézi
i pocet provedenych extrakci

Velkou limitaci LLE je podminka pouziti extrak¢ni kapaliny nemisitelné s matrici vzorku. Tim je
omezen vybér extrakCnich cinidel. Zasadni vliv na uc¢innost extrakce ma tvorba emulzi, které

vznikaji v piipadé alespon slabé misitelnosti kapalin [4].

Extrakce na pevnou fazi (SPE)

Principem této metody je retence latek s podobnymi chemickymi vlastnostmi na sorbentu. Podobné
latky/konkrétni analyt jsou v ustdleném stavu distribuovany mezi matrici vzorku a povrch pevné
faze. Distribucni koeficient popisuje rozdéleni koncentraci mezi sorbentem a vzorkem. Pokud je
distribu¢ni koeficient dostate¢n¢ velky (nastdva pseudo-equilibracni stav), veskery analyt je
adsorbovan na pevné fazi a dochazi k retenci. Reten¢ni princip mize byt pouzit dvéma zpusoby,
bud’ pro zachyceni analytu, které je cast&jsi, nebo pro zachyceni balastnich latek obsaZenych ve

vzorku.

V prvni fazi SPE musi dojit k aktivaci, kondicionaci a equilibraci sorbentu. Molekuly sorbentu jsou
Vv idedlnim piipadé obaleny rozpoustédlem, které umoZzni interakce s molekulami analytu. Také
vlastnosti vzorku musi byt pfed samotnou aplikaci na sorbent optimalizovany, aby mohlo dojit ke
vzniku vazeb mezi analytem a sorbentem. Nejcastéji se jedna o natfedéni vzorku, které snizi
viskozitu, adjustaci pH pro zménu polarity funkénich skupin molekul, kterd zvySuje afinitu analytu

k vazbé na sorbent, nebo preruseni vazeb analytu na proteiny ve vzorku.

Na sorbentu jsou vétSinou zadrZeny kromé konkrétniho analytu také latky chemicky velmi podobné.
Pro zvySeni selektivity procesu a ziskani co mozna nejcistS§iho vzorku jsou pouzity promyvaci
kroky, pfi kterych jsou postupné na sorbent aplikovana rozpoustédla se zvysujici se eluéni silou.
Promyvaci krok o konkrétni elucni sile, ktera odpovida extrahovanému analytu, se nazyva eluce. Na

rozdil od LLE mutze byt pouzito rozpoustédlo misitelné se vzorkem [30].
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Selektivita SPE zavisi na pouzitém sorbentu. Stacionarni faze (sorbent) miize byt umistén v kolonce
nebo mikrotitratnich destickach. DalSi moznosti je pouziti extrakénich diskt. Specifické funkéni
skupiny modifikovanych stacionarnich fazi zvysuji selektivitu pro konkrétni analyty. Pro extrakci
na normalni fazi je nejCastéji pouzivan silikagel modifikovany kratkymi uhlovodikovymi fetézci s
polarnimi funkénimi skupinami (-OH, -NH;, CN). Slabé polarni vazby (vodikové vazby, vazba
dip6l-dip6l) vzniklé pii retenci polarnich analytd jsou ruSeny silngjSimi polarnimi rozpoustédly.
Pokud je analyt ve vodné matrici mize dochéazet ke slabé retenci na sorbentu, lepsi retence se
dosahuje pii aplikaci analytu na sorbent v organickém rozpoustédle. Pro extrakci na reverzni fazi
je pouzivan jako sorbent silikagel modifikovany rtizné dlouhymi uhlovodikovymi fetézci (C2-C18),
cyklohexylovymi nebo fenylovymi funkénimi skupinami. Variantou jsou také styrendivinyl
benzenové faze. Analyt zadrZzovan hydrofobnimi interakcemi (van der Waals), které rusi silnéjsi
nepolarni rozpoustédlo. Specialni skupinou je iontové vymeénna extrakce, kde je sorbent
modifikovany silngj$imi poldrnimi skupinami (kvarterni amoniové soli, karboxylové nebo

propylsulfonové kyseliny). Reten¢ni vazby jsou elektrostatické interakce [30].

MSPD (matrix-solid phase dispersion) je na rozdil od klasické SPE metoda vhodna pro extrakci
analytl z pevné nebo viskdzni matrice. Materidl vzorku je pfimo smichan s ¢asticemi sorbentu,

odpadaji tak ztraty, které mohou nastat ptipravou vzorku pied aplikaci na sorbent.

25



4.3 Stanoveni vitaminu D a ostatnich liposolubilnich vitamint
V lidském séru

Dulezitost zavedeni metody pro stanoveni liposolubilnich vitamint (konkrétné vitamina D, A a E)
vychazi z pozadavki 1€kait riznych skupin pacientll. Stanoveni téchto vitamint je dalezité jak ve
fazi vcasné detekce vyvijejici se poruchy/onemocnéni, tak pfi monitorovani 1é€by nebo jako

moznost kontroly stavu pacienta.

4.3.1 Klinické zduvodnéni

Pacienti dialyza¢niho stifediska s t€Zkym poSkozenim ledvin jsou ohrozeni snizenou hydroxylaci
kalcidiolt (25(OH)D) v poloze 1. Produkce Kalcitriolu (1,25(0OH),D), aktivniho metabolitu

vitaminu D, je v téchto ptipadech nedostatecnd a vede k dal§im porucham.

Kalcitriol spolu s parathormonem reguluje kalciofosfatovy metabolismus. Vlivem nedostatku
vitaminu D (kalcitriolu) dochazi k nedostateéné exkreci Ca®* a HPO4* iontd v ledvinach a tim ke
zvySovani kalcémie a fosfatémie (sérové koncentrace). Pristitna téliska reaguji na hyperkalcémii a
hyperfosfatémii zvySenou produkci parathormonu (PTH), ktery aktivuje osteoklasty a dochazi
k dalsimu zvySovani hladin kalcia a fosfatt. Hladina parathormonu neni deregulovana ptitomnosti
kalcitriolu a ani antagonické funkce vitaminu D v ledvinach (exkrece Ca®* a HPO,* iontd) nejsou

dostatecné. V takovémto stavu se rozviji vazna sekundarni hyperparathyreéza [31] (Obrazek 8).
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sekundarni
hyperparatyredza

aktivace
osteoklastu

t HPO2 a
Ca?" v krvi

1 HPO, a

Ca?* v krvi

Obrazek 8: Vyvoj sekundarni hyperparathyreézy v disledku poskozeni ledvin (zpracovano podle [31] [32])

Vcasna detekce poklesu hladin kalcitriolu u pacientt s onemocnénim ledvin (nefrologické
ambulance, pacienti v dialyza¢nim programu) je zcela zasadni pro kontrolu poskozeni ledvinnych
funkci a rozvoje sekundarni hyperparathyredzy. V prubéhu suplementace takovychto pacientt je
nutna kontrola hladin aktivniho metabolitu v organismu, aby nedochazelo naopak

k hypoparathyreoze [31].

Dals§i vyznamnou skupinou jsou pacienti III. Interni gerontometabolické kliniky. Jednd se
pfevazné o pacienty s metabolickymi a nutriénimi poruchami. Nutri¢ni poruchy nékterych téchto
pacientil jsou ovlivnény vé€kem pacientd. U dlouhovekych pacientd dochdzi k vyznamnému snizeni
produkce vitaminu D z jeho prekurzoru (7-dehydrocholesterol). K reakci, pfi niz vznika pre-vitamin
D3, dochazi v zarode¢né vrstvé epidermis (Malpighicka vrstva). Je proto ovlivnéna tloustkou vrstvy
odumfelych a zrohovatélych keratinocytli, kterd v pribéhu starnuti nartistad a stava se tak bariérou
pro UV zafeni o vInové délce 295 nm, které je pro prub¢h reakce nepostradatelné [33]. Malabsorpce

a obezita jsou dalsim vyznamnym divodem pro snizenou biodostupnost vitaminu D [34].
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Kalcitriol je jednim z hlavnich regula¢nich hormonti kostniho metabolismu, ovliviiluje mineralizaci
kosti, svalovou aktivitu 1 nervové vedeni vzruchu regulaci hladin vapenatych iontl v séru.
Dlouhodoba hypovitaminéza se projevuje osteomalacii az osteopordézou a svalovou slabosti.
Nasledkem jsou casté pady a vazné zlomeniny, které dlouhovéké pacienty dlouhodobé, nekdy i

trvale imobilizuji.

Jasna je vazba mezi hypovitaminozou a nékterymi chronickymi a civilizanimi chorobami, jako je
napiiklad chronické srde¢ni onemocnéni [35-37], hypertenze [38, 39] a diabetes mellitus [40, 41].

Piehled vzniku a dusledku deficitu vitaminu D viz Obrazek 9.

T tloust’ky vrstvy
keratinocyti
T koncentrace
melaninu

poruchy
vstiebavani

zména stravovacich
navykil

nedostateény
pobyt na slunci

malabsorpce

ukladani
vitaminu do

— tukovych tkani

osteomalacie
osteopordza

svalova slabost . .
zvysené riziko vzniku:

srdec¢nich onemocnéni
hypertenze
diabetu mellitu

pady, zlomeniny
imobilizace

Obrazek 9: Vznik a disledky deficitu vitaminu D (upraveno podle [33-37])

Vitamin A hraje zasadni roli v regulaci diferenciace epitelidlnich buné€k. Karence tohoto vitaminu
zpusobend nejcastéji snizenym piisunem karotenoidl v potrave ptipadn€ zhorSenym vstiebavanim u
starSich osob zplsobuje zmény na kizi, mukoznich sliznicich, sténach cév i v rohovce [42]. Snizena
integrita a regenerace sliznice respiracniho traktu napoméha k opakovanym infekcim a postupnému
vyCerpavani organismu [43, 44]. Vitamin A ovliviiuje také adaptivni imunitu a zmény

Vv subpopulacich T- a B-lymfocytu [45, 46].
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Zmény dietnich zvyklosti ve stafi a zvySend produkce volnych radikald casto vedou
k hypovitamindze vitaminu E. Snizend ochrana biologickych membran pfed oxidacnim stresem a
nasledna lipidova peroxidace s fetézovou reakci ve fazi propagace vedou k oxidativnimu poskozeni
lipidovych struktur. Pro starSi pacienty je velkym rizikem poskozeni lipoproteinii o nizké hustoté

(LDL) a s tim spojené snizovani stability aterosklerotickych platd ve velkych artériich [3].

Stanoveni hladin vitaminu D u pacienti Onkologické kliniky je v soucasné dobé pouze ve fazi
klinickych pokust. Neékteré studie potvrdily souvislost mezi nizkymi hladinami kalcidiolu
(25(OH)D) a vyssim rizikem vzniku rakoviny slinivky [47] ptipadné vyS$i mortalitou pacienti
s rakovinou prsu, tlustého stfeva, a plic [48]. Preventivni vliv suplementace ale zatim nebyl
jednoznacné potvrzen. Sérova hladina kalcidiolu je povazovana za mozny prediktivni marker

vyssiho rizika vzniku rakoviny.

4.3.2 Slozeni matrice

Sérum je matrice velmi komplexni. Jednd se o vodnou slozku krve bez krevnich elementd,
fibrinogenu a srazecich proteind. Vznika po odstranéni krevni srazeniny. Je z 92 % tvotfeno vodou,
dalsi procentuelné nejvice zastoupenou slozkou jsou bilkoviny (6-8 %). Ostatni komponenty tvori
méné nez jedno procento obsahu matrice — mineraly a ionty 0,8 %, tuky 0,6 % a cukry (pfevazné
glukoza) 0,1 % [49]. Stanovované analyty nejsou ve vodné fazi séra piitomny volng, ale jsou
transportovany ve vazbé na bilkoviny, jejich koncentrace je oproti ostatnim komponentam téméf

zanedbatelna.

4.3.2.1 Nestanovované komponenty séra

Hlavni balastni sloZkou séra jsou plazmatické proteiny. Nejvice zastoupeny je albumin, ktery tvofi
53-66 % vsech proteind. Je to molekula oproti ostatnim proteintim relativné mald, vaze molekuly
vody a udrzuje onkoticky tlak plazmy, dale slouZi jako transportér n€kterych hormont a vitamind.
az-globuliny  (ay-fetoprotein,  og-antitrypsin)  tvoti  3-6 %, ap-globuliny  (ap-fetoprotein,
haptoglobulin)  6-12 %, B- globuliny (transferin  a ceruloplasmin) 8-17 % y-globuliny
(imunoglobuliny) a 12-20 % bilkovinné slozky [49].

Lipidy jsou v séru/plazmé transportovany chylomikrony (transport ze stieva) a ve formé
lipoproteind, jejichZ hlavnimi slozkami jsou triacylglyceroly (45 % mastnych kyselin), fosfolipidy

(35 % MK), cholesterol a jeho estery a volné mastné kyseliny
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4.3.2.2 Stanovované analyty — transport, koncentrace

Stanovované analyty se v séru vyskytuji ve velmi rozdilnych koncentracich. Vitaminy A (retinol) a
E (a-tokoferol) lze v séru stanovit v koncentracich umol/l. Problémem jsou ale metabolity vitaminu

D, kalcitriol (1,25(0OH),D se v krvi vyskytuje v hodnotach pmol/I a kalcidiol (25(OH)D) v nmol/I.

Vitamin E je zpotravy absorbovan vtenkém stfevé pasivni difiizi zavislou na micelarni
solubilizaci. Vstiebavani je proto ovlivnéno pfitomnosti lipidii, pankreatickych esteraz a zlucovych
kyselin, které dohromady vytvaii vstiebatelné micely. Micely jsou v enterocytech rozlozeny a
uvolnéné triglyceridy, fosfolipidy a cholesterol formuji chylomikra, ve kterych vstupuji tokoferoly a
tokotrienoly do lymfatické cirkulace. Prvni hydrolyza lipoproteinovou lipazou piendsi cast
tokoferoli pfimo do nékterych tkani (tukova tkan, svaly a mozek), vétSina ale zlstava
v chylomikronovych remnantech a je dale transportovana do jater, kde transportni protein pro a-
tokoferol (a-TTP) umozni redistribuci vitaminu do nové formovanych lipoproteinti o velmi nizké
hustot¢ (VLDL). Ostatni tiidy lipoproteini jsou postupné¢ obohacovany nejenom v dusledku
hydrolyzy ¢astic, ale také aktivnim transportem mezi jednotlivymi tfidami [50]. a-TTP je protein

rozpoznavajici molekulu RRR-a-stereoizomeru, je zodpovédny za biopotenci a-vitameru [1].

Vitamin A je v potravé piitomen ve formé esterti retinou a karotenoidd (provitamin A), které jsou
ve stieveé solubilizovany do micel. Po hydrolyze volny retinol a B-karoten ptrechazi do enterocytu
difuzi pomoci specifického prenaSee. Cytosolové enzymy zajist'uji biokonverzi B-karotenu na
retinal [51] a jeho naslednou redukci na retinol, ktery je dale rychle reesterifikovan na palmitat nebo
stearat. Estery retinolu jsou transportovany chylomikry a jejich remnanty do jater, kde jsou
receptorem zprostiedkovanou endocytézou pieneseny do parenchymatickych bunék. Estery jsou
zde hydrolyzovany a pfeneseny do stelatovych bunck, kde jsou opét reesterifikovany a skladovany

(90 % zasob).

Transport vitaminu A je uskuteCiovan specifickymi proteiny, které maji terciarni strukturu
lipokalinil. Retinol je po mobilizaci z jater transportovan do perifernich tkani ve vazbé na specificky
plazmaticky protein (RBP). Molekula retinolu je obklopena doménou proteinu tvofené strukturou -
skladaného listu a stabilizovana vodikovymi mustky, tato struktura chrani molekulu vitaminu pfed

oxidaci. Retinol vstupuje do bunék po vazbé RBP na specificky receptor [1, 2].

Vitamin D se v potravé vyskytuje ve velmi malém mnozstvi. Ve formé& ergocalciferolu (vitamin
D) je pritomen v nékterych mikroorganismech, houbach a rostlinach. Naopak cholekalciferol
(vitamin D3) je produkt ZivociSny, nejcastéji je pfijiman v potravé bohaté na moiské ryby a
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v mléénych vyrobcich. Neékteré potraviny jsou timto vitaminem obohacovany. Z potravy je
absorbovan vtenkém a tlustém stfevé pasivni diftizi zdvislou na miceldrni solubilizaci
V chylomikrech. Vitamin se vyskytuje na povrchu lipoproteinové Castice a tim je umoznéna vazba

na vitamin D-vazajici protein (DBP) piimo v prubéhu degradace chylomiker v plazmé [2].

Ve vazb¢ na DBP vstupuje do cirkulace (je mobilizovéan) také cholekalciferol tvofeny v kiizi. Jako
jediny liposolubilni vitamin neni skladovan v jatrech. Pravdépodobné mald cast je skladovana
V hydrofobnich kompartmentech riiznych tkani (tukova tkan). Ptiblizné¢ 85% kalcidiolu je vazéno na
DBP a 15% na albumin [52]. Koncentrace DBP v plazmé je mnohonasobné vét$i nez koncentrace
cholekalciferolu, ergokalciferolu, kalcidioli a kalcitriold, vazba je uskute¢niovana pies cis-trienovou
strukturu. Vaze kalcidiol s desetinasobné vyssi afinitou nez kalcitriol [1]. Mechanismus a regulace
mobilizace vitaminu z tukovych zisob a jeho vstup zpét do cirkulace neni dosud dostatecné

objasnéna [53].

4.3.3 Moznosti stanoveni

4.3.3.1 Priprava vzorku

Pted samotnou extrakci musi byt stanovované vitaminy uvolnény z proteinovych nosict (a-TTP,
RBP a DBP), kter¢ umoziiuji transport lipofilnich latek ve vodném prostiedi. Tyto proteiny byvaji

Casto asociovany v lipoproteidech (vitamin D a E) ptipadné v micelach (vitamin A).

Po deproteinaci séra mohou byt uvolnéné analyty pfimo analyzovany, pokud to metoda stanoveni
umoznuje. Castéji ale pred samotné stanoveni musi byt zafazeno preciSténi vzorku od
interferujicich slozek, nejCastéji je vyuZivdna extrakce nebo centrifugace. Dal§im krokem byva

Casto zakoncentrovani stanovovanych slozek.

Deproteinace vzorku muze byt provedena fyzikalnimi (teplota) nebo chemickymi (organicka
rozpoustédla, kyseliny, anorganické soli) vlivy. PouZiti zvySené teploty je omezeno skuteCnosti, Ze
miZze dojit k degradaci stanovovanych vitaminll. Dal$i moZnosti je enzymatickéa degradace proteind,
ktera je velmi jemnou technikou. Nevyhodou je slozitési pfiprava reakéni smési a samoziejme
vys$$i cena. Precipitaci sérovych proteini dochazi ke zméné konformace a uvolnéni vazeb.

Nejcastéji pouzivany je ethanol [54-58] nebo acetonitril [59].
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DalSim krokem pfipravy vzorku po deproteinaci je uvolnéni analytii z vazeb proteinti a odstranéni
interferujicich slozek matrice, nejéastéji se jedna o extrakci. NejCastéji je pouzivana extrakce
z kapaliny do kapaliny (LLE). Vitamin A je z deproteinovaného séra extrahovan nejéastéji
hexanem [58, 59] stejné jako vitamin E [55]. Oba dva tyto vitaminy byvaji ¢asto stanovovany
¢inidlo byva opét pouzivan hexan [60], Castéji petroleum ether [56, 61] nebo smési rozpoustédel
napiiklad butanol-ethyl acetat [57]. Pro extrakci vitaminu D byva pouzivan acetonitril [62] nebo
diethylether [54]. Extrakce na pevnou fazi (SPE) je také mozna a umoznuje zvolit 1épe selektivitu
pro konkrétni analyty. Pfikladem mize byt extrakce 8 liposolubilnich vitamintli ze séra s vytéznosti

95-97 % [63].

4.3.3.2 Separace vitamini, detekce

Liposolubilni vitaminy jsou nej¢astéji separovany chromatograficky na reverzni fazi. Nejcastéjsi
detekce retinolu a a-tokoferolu byva spektrofotometricka [58, 60, 61], a-tokoferol v pfipad¢, ze je
potieba vyssi citlivost mlize byt stanoven fluorimetricky [64]. Tokoferoly mohou byt detekovany
také elektrochemicky po piedchozi chromatografické separaci [65]. Vitamin D je nejcastéji
stanovovan jako suma hydroxy metabolitli vitaminu D, a D3;. Divodem je antigenni nespecifita
pouzivanych protilatek. Chromatografickd separace umoziuje spektrofotometrickou detekei
hydroxy-vitameri [66-68]. Vzhledem Kk velmi nizkym koncentracim stanovovaného metabolitu

Vv séru je vhodna hmotnostni detekce [69-74].

4.3.3.3 Moderni pristupy — miniaturizace, automatizace

Mata-Granados publikoval metodu automatického systému extrakce na pevnou fazi uzptisobeného
k pfecisténi a zkoncentrovani vzorku s on-line propojenim na HPLC systémem [75]. Tato 20
minutovd metoda umoziuje extrémné rychly prichod vzorku laboratofi zaroven s vybornou

opakovatelnosti a reprodukovatelnosti celého procesu.

V roce 2010 byla publikovana prace, ve které byla pouzita on-line SPE-LC-MS/MS metoda pro
detekci hladin vitaminu D (konkrétn¢ se jednalo o oba metabolity — 25(OH)D i 1,25(0OH),D) u
kriticky nemocnych pacientl na jednotce intenzivni péce v porovnani s kontrolni skupinou

zdravych darcu [76].
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4.3.3.4 Metody pouzivané v praxi pro stanoveni vitaminu D

Prvni pouzivanou metodou pro stanoveni vitaminu D byla kompetitivni vazba na protein CPBA
(competitive protein binding assay). Tato metoda byla publikovana v roce 1971. Vyuzivala vazbu
analytu na DBP a kompetici o vazebné misto s *H-25-(OH)D3 znatenym vitaminem [77]. Stanoveni
vyzadovalo extrakci organickym rozpoustédlem, odpateni extraktu a piecisténi vzorku kolonovou
chromatografii. Snahy o zjednoduseni ptipravy vzorku, konkrétné¢ se jednalo o prekonani nutné¢ho
precisténi vzorku, nebyly tUspéSné. Navrhovand radioimunoanalyza (RIA) se znaCenymi
protilatkami proti vitaminu D sice vykazovala niz$i faleSnou pozitivitu zpiisobenou nespecifickou
reakci lipidGh matrice a DBP, ale pfesto nefesila problém zkiizené reaktivity s ostatnimi metabolity
vitaminu D [78]. Podobnych vysledki dosahla metoda enzymaticka (EIA) pro 25-hydroxyvitamin
D3, samotnému stanoveni opét piedchazela extrakce acetonitrilem [79]. V roce 1997 byla
publikovana metoda, ktera kombinuje vyhody imunoextrakce na pevné fazi a nasledné stanoveni
RIA metodou pro 1,25-hydroxyvitamin D3 [80]. Piestoze metoda zahrnuje specifickou extrakci
metabolitu z matrice (plazma) a zkiiZena reaktivita ostatnich metabolitt je mensi nez 1 %, pro 1,25-
hydroxyvitamin D, je 79 %. Pfesto jsou principy téchto metod zakladem pro prvni komeréné
vyrabéné sety s certifikaitem FDA pro klinické testovani (Nichols Advantage - CPBA a DiaSorin
corporation — RIA) [81].

Dal8im krokem ve vyvoji vhodné metody stanoveni vitaminu D bylo vyuZiti HPLC s UV detekci
[66-68]. Vzorky pro chromatografické metody jsou pfevazné ptipravovany extrakci na pevnou fazi
[82]. Postupné byly metody ptipravy vzorku zlepSovany [83] az k vysledné plné automatické
metodé [75]. Chromatografiec jako separacni metoda umoziuje stanoveni obou zakladnich
metaboliti (25-hydroxy D, i D3) béhem jednoho méteni. Od roku 1991 bylo publikovano mnoho
metod spojujicich vyhody kapalinové chromatografii jako separac¢ni metody s citlivosti a specifitou
MS detekce [70-74, 82, 84]. LC-MS/MS stanoveni je povazovano za standard, ke kterému jsou

vysledky ostatnich dostupnych metod vztahovany.

Situace v CR - dostupnost vySetieni

V Ceské republice jsou pro rutinni stanoveni dostupné metody péti firem (DiaSorin, Abbot
Diagnostics, Roche, Siemens a Immunodiagnostics). Vsechny firmy nabizi metody imunochemi-
nebo imunoelektro-luminiscenéni V provedeni na automatickych analyzatorech. DiaSorin a
Immunodiagnostics nabizi také star$i manudlni radioizotopové metody. Kromé téchto

imunologickych metod jsou dostupné chromatografické kity od riznych firem.
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Perkin Elmer nabizi MSMS vitamin D Kit, ktery stanovuje 25(OH)D, a 25(OH)D3 metabolity a
vyhodnocuje také jejich sumu. Kit obsahuje vnitini standard, kontroly a kalibratory v sérové matrici

[85].

Firma Recipe nabizi HPLC Complete Kit a ClinRep® UPLC® Complete Kit. Stanoveni
metabolitt 25(OH)D, a 25(OH)D; probihd za izokratického rezimu s UV detekei pii 264 nm.
Stanoveni zahrnuje kratkou ptipravu vzorku (deproteinaci) a chromatografickou separaci (HPLC —
10 minut, UPLC-2 minuty). Tato firma také nabizi ClinMass® Complete Kit. Po deproteinaci
vzorku probiha on-line SPE piimo v chromatografickém systému. Separace trva 3 minuty a MS
detekci je kromé obou 25(OH)D vitamerG stanovovan také epimer 3-epi-25(OH)Ds;. VSechny

dodavané kalibratory maji ndvaznost na certifikovany referen¢ni material SRM 972 [86].

Kity pro HPLC separaci na normélni i reverzni stacionarni fazi, s UV 1 MS detekci nabizi firma
Immundiagnostik. Separace na normalni fazi (25-OH Vitamin D3 HPLC Kit a 25-OH Vitamin
D3/D, HPLC Kit) trva 20 minut, na reverzni stacionarni fazi (25-OH Vitamin D3/D, RP-HPLC
Kit) 12 minut. Vzorky jsou pfed separaci deproteinovany a extrahovany LLE. Analyty jsou
detekovany pfti 264 nm. Dale je dostupny kit 25-OH Vitamin D3/D, LC-MS/MS. V tomto ptipadé
jsou mozné 3 postupy piipravy vzorku, deproteinace s LLE, extrakce na Oasis HLB kolonkach
ptipadné¢ na Oasis HLB 96-well-pElution-plate. Gradientova eluce trva 3,5 minuty a analyty jsou
detekovany MS/MS MRM piechody, metoda obsahuje deuteriovany interni standard. VSechny
diive zminované sety obsahuji pouze jedno hladinovy kalibrator, ktery nemé navaznost na NIST
standard. Tato firma poskytuje také 1,25-(OH)2-Vitamin D3/D; ImmunoTube® LC-MS/MS Kit.
Kalibrator tohoto kitu je dvoubodovy. Toto stanoveni vyZaduje pouziti specialniho extrakéniho kitu,

separace probiha opét jako gradientova eluce béhem 3,5 minut, detekce je MS/MS [87].

Komer¢ni sety firmy Chromsystems nabizi stanoveni vitamera 25(OH)D; a 25(OH)D3; s UV
detekci v provedeni s SPE Upravou vzorku. Separace trva v isokratickém rezimu 12 minut (25-OH-
Vitamin D3/D, in serum/plasma — HPLC). Dalsi moznosti je kit s on-line tipravou vzorku (25-
OH-Vitamin D3/D, in serum/plasma (online method) — HPLC). Separace trva 10 minut a analyty
jsou stanoveny UV detektorem. NejnovéjsSim kitem je MassChrom® 25-OH-Vitamin D3/D2 in
serum/plasma - LC-MS/MS. Analyza trva 5 minut, v pfipad¢ stanoveni také 3-epi-25(0OH)D; i
3 epi-25(0OH)D2 8,5 az 10 minut [88].

DiaSorin nabizi metodu (25-hydroxyvitamin D **°I RIA Kit) pro ruéni zpracovéani vzorku. Po

extrakci acetonitrilem je vzorek inkubovan 90 minut s jodem zna¢enym 25-hydroxyvitaminem D a
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specifickou protilatkou. Béhem dalsi inkubace (20 minut) dochazi ke kompetici vzniklych
imunokomplexti o vazbu na druhou protilatku. Reakéni smés je centrifugovana pro odstranéni
nespecifickych vazeb prerusenych pfidanym pufrem. Signal vyhodnocen gama citacem. Zkiizena

reaktivita 25(0OH)D; a 25(OH)Ds je 100 %, pro 1,25(0H),D; a 1,25(0H),Ds 11 % [89].

Tato firma nabizi také plné automatickou metodou pro pouziti na imunoanalytickém analyzatoru
Liaison (25(OH)D TOTAL CLIA Assay). Jedna se o kompetitivni chemilumiluminiscen¢ni
imunometodu. Vitamin D je disociovan z DBP béhem inkubace (10 minut) s pufrem obsahujicim
10 % ethanol. Uvolnény analyt je navazdn na protilatky pfitomné na magnetickych casticich.
V prubéhu druhé inkubace (10 minut) dochdzi k navazani 25(OH)D konjugovanym s derivatem
isoluminolu na volnd vazebnd mista magnetickych castic. Nenavazané antigeny jsou ze smeési
odstanény a startovaci reagencie generuje chemiluminiscenéni signél. ZkiiZena reaktivita 25(OH)D,
je 104 %, 25(OH)D3 100 %, pro 1,25(0OH),D, 40 % a 1,25(0OH),D3 17 %. U obou metod je

stanovovana suma obou hydroxy vitamerd. [89].

Abbot Diagnostics ma patentovanou chemiluminiscenéni imunometodu na mikrocasticich
(CMIA) pro imunochemicky analyzator Architect. Je stanovovana suma vitamint 25(OH)D, a
25(0H)Ds. K nafedénému séru se piidaji paramagnetické mikro¢astice potazené protilatkami proti
25(OH)D. Vitamery ptitomné ve vzorku se navazi na mikrocastice. Po reakci je do smési ptidan
biotinylovany 25(OH)D a protilatka proti biotinu znacend akridinem. Komplex biotinylovaného
vitaminu s protiladtkou znacenou akridinem se navaze na neobsazena vazebnd mista na
mikrocasticich. Po promyti pfistroj zaznamenad relativni svételné jednotky (RLU)
chemiluminiscen¢ni reakce, signal je nepfimo Uumérny mnozZstvi vitaminu ve vzorku. ZkiiZena
reaktivita 25(OH)D, je 82 % pro 25(0OH)D3; 105%, pro 24,25-(OH),D3 je 112 % a pro C3-epimer
25-(OH)Ds3 2,7 %. Kalcitriol (1,25-(0OH),D3) vykazuje zkiizenou reaktivitu 12,6 %.

Firma Roche (analyzatory Cobas, Modular) pouziva ke stanoveni vitaminu D kompetitivni
elektrochemiluminiscen¢ni imunostanoveni (ECLIA). Pfi prvni inkubaci je vitamin uvolnén
z proteinového nosic¢e, aby mohl byt navazan na protein znaceny rutheniem. V dalSim kroku jsou
pridany mikrocastice pokryté streptavidinem a vitamin D znaceny biotinem. Dojde k obsazeni
volnych rutheniem znacenych vitamin D vazicich proteinti interakci biotinu a streptavidinu.
Reakéni smés je nasata do méfici cely, kde jsou mikrocastice zachyceny na povrchu elektrody.
Nenavazané slozky jsou odstranény a privedené napéti na elektrodé vyvold chemiluminiscencni

emisi fotont, ktera je zméfena fotonasobiCem. Metoda je standardizovana na LC-MS/MS metodu
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navazanou na NIST standard [70]. Zk#izena reaktivita pro 24,25-dihydroxyvitamin D3 je 149 % a
pro C3-epimer 25-hydroxyvitaminu D3 91 % [90].

Firma Siemens (analyzatory Advia) pouziva ke stanoveni 25(OH)D kompetitivni
chemiluminiscenéni imunostanoveni (CLIA) na paramagnetickych c&asticich. VVzorek je 4,5
minuty inkubovéan s reagencii, ktera uvolni vitamin D z vazeb na bilkoviny. Dalsi inkubace (5,5
minuty) vzorku je s mySi monoklonalni protilatkou znacenou akridinium esterem Tato protilatka je
specifickd pro oba vitamery (25(0OH)D, i 25(0OH)Ds3), zkiiZena reaktivita je 106 % a 97 %, pro
1,25(0OH);D, 4%, pro 1,25(0H),D; 1%. C3-epimer 25(0OH)D3; ma zkfizenou reaktivitu 1 %.
Paramagnetické Castice maji na povrchu kovalentné vazanou mysi monoklonalni protilatku proti
fluoresceinu. Kyselé¢ a zasadité reagencie pfidané do smési zahdji chemiluminiscencni reakce.
V dal§im kroku je do reakéni smési pfiddna pevna faze (paramagnetické Castice potazené
monoklonalni mys$i protilatkou proti fluoresceinu) a analog vitaminu D konjugovany
s fluoresceinem. Po dalsi inkubaci jsou paramagnetické ¢astice oddéleny od nenavazané reagencie

promyvacim roztokem a pridané kyselé a zasadité reagencie zah4ji chemiluminiscenéni reakci [91].

Immunodiagnostics  (analyzator ~ IDS-iSYS) nabizi metodu  chemiluminiscen¢niho
imunostanoveni (CLIA), se specifitou k obéma 25(OH)D vitamerim. Standardizace této metody
byla ovéfena korelaci s LC-MS/MS metodou [92]. Tato firma nabizi také na stejném analyzatoru

stanoveni 1,25(OH),D, pro Gpravou vzorku jsou pouzivana ,,imunokapsulace“[93].

Tabulka 3 shrnuje dostupnost stanoveni vitaminu D a pouzivané metody ve fakultnich nemocnicich.
Z jedenacti fakultnich nemocnic je vySetfeni dostupné v osmi, ale pouze ve dvou jsou vysledky

vydéavany denné.
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Fakultni nemocnice vysetfeni odezva metoda firma

Brno D total 2x tydné ECLIA Roche
Hradec Kralové 25-OH D 4 tydny
Kralovské Vinohrady ? ? ? ?
Na Bulovce - - - -
Olomouc 25-OH D 2 tydny
Ostrava 25-0H D do tydne im“nrﬁft‘gg;ﬁ"ké
Plzen - - - -
U sv. Anny v Brn¢ 25-OH D, a D3 1 tyden
Motol 25-OH D denn¢
Thomayerova nemocnice 25-OH Dj3 do tydne LIA
VEN v Praze 25-OH D denné ECLIA Roche

Tabulka 3: Dostupnost vySetfeni koncentrace vitaminu D v séru ve fakultnich nemocnicich (informace byly
ziskany z laboratornich prirucek dostupnych na internetovych strankach jednotlivych fakultnich nemocnic
v lednu 2013)

Problémy pouzivanych stanoveni

Obecnym problémem stanoveni vitaminu D nejsou pouze nedostatky jednotlivych metod tykajici se
ptipravy vzorku, ale i otazka kalibracnich a referen¢nihch materidli. V ¢ervenci 2009 byl uveden na
trh certifikovany referencni material (SRM 972), ktery je produkovan National Institute of
Standards and Technology (NIST) v USA. NIST poskytuje také kalibratory (SRM 2972), které by
méli zlepsit navaznost pouzivanych metod. Jedna se o ethanolické roztoky 25(OH)D3; a 25(0OH)D;
na dvou koncentra¢nich hladinach. Navaznost imunochemickych metod, pfesto neni dostatecna.
Komutabilita v§ech 4 hladin SRM 972 nebyla splnéna [94]. Pro néktera imunostanoveni byla ¢ast
kalibratorii vyrabéna naptiklad fortifikaci komiského séra standardy. Také nedostatecné uvolnéni
analytu z DBP, zkiiZena reaktivita metabolitii a matricové efekty maji za nasledek vyznamny bias
jednotlivych metod. Klinicky proto nelze hodnotit vysledky pacientii bez znalosti metody stanoveni
[95, 96]. Vroce 2013 NIST uvedl novy certifikovany referen¢ni material (SRM 972a) plné
komutabilni na vSech 4 hladinach (fortifikovana je pouze c¢tvrta hladina epimerem 3-epi-
25(0OH)D3). Koncentrace 25(0OH)D3; a 25(0OH)D; byly stanoveny na zakladé vysledkl izotopové

dilu¢ni metody LCMS/MS [97], ktera je referen¢ni metodou pro stanoveni vitaminu D.
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Navaznost metod na certifikovany referen¢ni material (CRM) a jejich porovnatelnost umoziujici
klinické hodnoceni stavu pacienta je v laboratotich ovétovana postupy externiho hodnoceni kvality
(EHK). Zdravotnicka laboratof, ktera je akreditovana podle mezinarodné platné normy CSN°°EN
ISO15189 ("Zdravotnické laboratoie - Zvlastni pozadavky na kvalitu a zpusobilost"), musi byt
zapojeno do systému EHK. V Evropské unii je akreditace zdravotnickych laboratofi upravena
Natizenim ¢. 765/2008 na zaklad¢ prohlaseni IFCC (International Federation of Clinical Chemistry
and Laboratory Medicine). Akreditaci laboratofim udéluji akreditaéni organy EA (European Co-
operation for Accreditation) nebo ILAC (International Laboratory Accreditation Co-operation).

V Ceské republice tuto funkei zastava Cesky institut pro akreditaci (CIA).

V Ceské republice poskytuje vzorky pro EHK spole¢nost SEKK. Nezavislymi evropskymi
poskytovateli External Quality Assessment (EQA) jsou napi. Deutsche Vereinte Gesellschaft fiir
Klinische Chemie und Laboratoriumsmedizin e.v. (Némecko), Labquality Oy (Finko) nebo United

Kingdom National External Quality Assessment Service (Velka Britanie).

Mezi nejvétsi mezinarodni poskytovatele vzorki EHK pro vitamin D patii Vitamin D External
Quality Assessment Scheme (DEQAS), ktery v roce 2013 zahrnuje 1200 ucéastnikd z 54 zemi.
V Ceské republice je dostupny material spoleénosti SEKK — cyklus ,,Kostni markery*.

V roce 2012 se systému externi kontroly kvality (SEKK) prvniho cyklu kostni markery (analyt
25(0OH)D) v Ceské a Slovenské republice zu¢astnilo 71 laboratofi s relativni Gisp&§nosti 85%, kdy
piijatelny rozdil v % od vztazné hodnoty je 33%. Jednotlivi Gi€astnici jsou pro hodnoceni rozdéleni

do 6 skupin podle pouzité metody a vyrobce (viz Obrazek 10).

38


http://www.ifcc.org/
http://www.ifcc.org/

180 ~

) 160 T

2 140 -

=

a 120

S 100 -

rel

N80

3

S 60

c

8 40 -

o

= 20 -

0
0 1 2 3 4 5 6 7
rozdéleni podle metody/vyrobce

@ vzorek A - cilové hodnoty © vzorek A - naméfené hodnoty
O vzorek B - cilové hodnoty O vzorek B - namétené hodnoty

Obrazek 10: SEKK 1/12 — kostni markery: porovnani cilovych hodnot s maximalni p¥ipustnou odchylkou 33% a
namérenych hodnot (robustni priumér, smérodatna odchylka) v jednotlivych skupinach. Upraveno podle
www.sekk.cz.

1) Imunochemicka metoda (Abbot) — 13 ucastnikil 5) Imunochemicka metoda (Immunodiagnostic systém)
2) Imunochemicka metoda (Roche) — 36 ucastnikli — 4 Ucastnici
3) Imunochemicka metoda (DiaSorin) — 6 ti¢astniki 6) skupina ostatni — 6 ucastnikd

4) Imunochemicka metoda (Siemens) — 6 tcastnika

Cilové hodnoty pro imunochemickou metodu firmy Roche jsou vyznamné niz§i oproti ostatnim
ocekavanym hodnotdm a to v obou vzorcich. Oproti primérné cilové hodnoté vSech skupin je o
37 % a 29 % nizsi. Naopak cilové hodnoty vzorku B pro skupinu firmy Siemens jsou o 22 % vyssi,
stejné tak pro vzorek B skupiny ostatni a vzorek A skupiny Immunodiagnostic. Vyvoj variacnich
koeficientdi a pocet ucastnikli jednotlivych skupin v pribéhu let 2011 a 2012 (celkem 4 cykly) viz
Tabulka 4. Metody firmy Abbot a DiaSorin vykazuji nejniz$i varia¢ni koeficient vysledki mezi
ucastniky. Metoda firmy Siemens zaznamenala v poslednich tfech cyklech vyznamné zlepSeni

variacniho koeficientu mezi ucastniky.
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cyklus 1/11 cyklus 2/11 cyklus 1/12 cyklus 2/12

vyrobce metody vzorek

N Cv N CVv N CVv N CVv
A 3,16 13,0 9,71 4,21

Abbot 5 9 13 15
B 10,9 11,2 8,11 9,18
A 30,0 17,9 19,3 6,01

Roche 33 32 36 38
B 20,9 15,0 9,76 16,5
A 17,6 14,7 12,6 9,69

DiaSorin 4 6 6 6
B 11,6 8,70 9,46 11,5
A 35,0 6,54 10,6 15,5

Siemens 3 6 4 8
B 37,3 8,34 9,36 12,3
A 20,6 44,2 26,9 10,4

Immunodiagnostic system 6 4 4 3
B 15,6 17,5 14,1 22,9
A 41,7 34,5 25,9 39,8

ostatni 5 4 6 5
B 21,6 29,0 8,24 34,9

Tabulka 4: Porovnani po¢tu ucastniki a variaénich koeficienti jednotlivych skupin v ramci SEKK cyklus kostni markery v pribéhu let 2011 a 2012. Upraveno
podle www.sekk.cz.

N - pocet ucastnika
CV — varia¢ni koeficient namétenych hodnot vzorku (%)

40



4.3.3.5 Doporuéeni pro diagnostiku deficitu vitaminu D

Endokrinologickéd spolecnost (The Endocrine Society) — nejvetsi svétova endokrinologicka
spole¢nost — vydala roku 2011 doporuceni tykajici se 1écby a prevence deficitu vitaminu D

[98]:

Diagnostika je doporuCena pouze u osob, které maji zvySené riziko vzniku deficitu

vitaminu D:

pacienti s osteopor6zou, osteomalacii nebo kiivici

pacienti s chronickym onemocnénim ledvin

pacienti pfi jaternim selhani

pacienti s malabsorpénimi syndromy (napi. Cysticka fibréza, Crohnova choroba)
pacienti s hyperparathyre6zou

pacienti s granulomatdznimi chorobami (napt. Sarkoid6za, TBC, Histoplazmdza)
pti dlouhodobé uzivanych lécich (antikonvulziva, glukokortikoidy, 1é¢ba AIDS)
afroamericané a hispanci

t€hotné a kojici Zeny

Seniofi s anamnézou opakovanych padii a netraumatickych zlomenin

obézni déti a dospéli (BMI nad 30 kg/m?)

V soucasné dob¢ nejsou dostatecné klinické diikazy, které by zdivodiovaly vySetfovani stavu
vitaminu D u populace, kterd neméd zvySené riziko vzniku deficitu. Stejné tak piinos
preventivniho podavani vitaminu D pifi kardiovaskularnim onemocnéni doposud nebyl

prokazan [98].

Pro diagnostiku je doporuceno vySetieni hladin cirkulujiciho 25-hydroxyvitaminu D.
Stanoveni 1,25-dihydroxyvitaminu D neni pro diagnostiku deficitu doporu¢ovéno. Toto
stanoveni je doporuc¢eno pouze pro kontrolu stavu vitamin D-fosfatového metabolismu. IOM
(Institute of Medicine) rozdé€luje deficitni stavy na zaklad¢ koncentrace 25(OH)D na deficit
(<50 nmol/l) a nedostatek (52,5-72,5 nmol/l).
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4.4 Stanoveni retinolu a a-tokoferolu v materském mléce

4.4.1 Klinické zdavodnéni

Svétova zdravotnicka organizace (WHO) doporucuje plné kojeni prvnich Sest mésicti Zivota
ditéte. Mateiské¢ mléko je tomto obdobi jedinym zdrojem tekutin, vyzivy, minerali a
vitaminl. Koncentrace slozek je ovlivnéna zdravotnim stavem matky, ale hlavné potiebami
ditéte. Zvlasté u predCasné narozenych déti je zcela zasadni dostatecny piisun nékterych

liposolubilnich vitamind, které ovliviiuji rast a vyvoj [99].

Oxidativni stres je u pfed¢asné narozenych déti velkym ohrozenim [100, 101] a matefské
mléko poskytuje nezanedbatelnou ochranu tkani [102]. Produkce volnych radikald v prvnich
fazich lidského zivota velmi Casto vede ke vzniku propagacni faze oxidac¢niho stresu [103].
Pre-eklampsie, nizkéd porodni védha nebo asfyxie maji za nasledek nizsi aktivitu antioxidacnich
obrannych mechanismii. Proto je zvySena produkce volnych radikald a nasledny rozvoj
oxida¢niho stresu velkym problémem [43]. Vyznamné byvaji poSkozeny plicni alveoly a
rozviji se chronicka plicni choroba [104]. Lipoperoxidace poskozuje membrany bunék a asto
dochazi k bunétné smrti. Souvislost mezi deficienci a-tokoferolu a zvySenym rizikem
nasledkti oxida¢niho stresu je dobfe zdokumentovana [105, 106]. Ukolem moderni
neonatologie je podpofit vyvoj antioxida¢niho systému na zékladé optimalni nutri¢ni
strategie, dostateCny pfisun o-tokoferolu v matefském mléce je vyznamnym obrannym

mechanismem pro vznik dalSich volnych radikala.

Pfitomnost retinolu je zcela zasadni pro rust a diferenciaci bunék mnoha tkani (mukdzni
membrany, pokozky, stény cév a o¢ni rohovky). Potfeba tohoto vitaminu je proto zcela
zasadni v obdobi rychlého ristu a diferenciace tkani [42]. Integrita epitelidlnich bunék
dychaciho traktu [43, 44], funkce adaptivni imunity a negativni zmény v regeneraci epitelii
sliznice jsou také velmi ovlivnény dostateCnou koncentraci retinolu. Sérové koncentrace pod
0,70 pmol/l jsou povazovany za deficienci a hodnoty pod 0,35 umol/l za vaznou deficienci u

predcasné narozenych déti [45].
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V piipadech, kdy mize byt nedonosené dit¢ krmeno matetskym mlékem z mlé¢né banky, je
vyznamné znat koncentraci retinolu a a-tokoferolu, aby mohlo byt dosazeno optimalni vyzivy

novorozence pro spravny rust, vyvoj a dostate¢nou obranyschopnost.

Matetské mléko je do mlécné banky dodavano od darkyn zamrazené. Vzorky mléka jsou
smichany a pasterizovany za kontrolovanych podminek. Ptred uskladnénim jsou jednotlivé
vytvofené davky mléka rychle zchlazeny a zamrazeny. Koncentrace vitaminii mohou byt
vlivem pasterizace, skladovani a dvakrat probéhnutému procesu zamrazeni a rozmrazeni
zménény. Také proto je vhodna kontrola slozeni matefského mléka, které nema na rozdil od

komer¢nich vyziv ptesné certifikované slozeni.

4.4.2 Slozeni matrice

Velmi proménlivé sloZzeni matefského mléka v pribéhu laktace i jednotlivych porci kojeni
ovliviiuje pristup v pribéhu extrakce i samotného stanoveni. Vyrazn¢ se méni nejenom
koncentrace samotnych stanovovanych analytl, ale pfedevSim obsah hlavnich slozek mléka

(tuky, bilkoviny a cukry), které interferuji, ptipadné znemoziuji stanoveni [107].

4.4.2.1 Nestanovované slozky

Matetské mléko je matrice velmi komplexni. V prvnich mésicich Zivota novorozence
zajiStuje veskeré nutricni potieby, zaroven i dostateny piisun tekutin a podporu ne plné
funk¢éniho hormonalniho a imunitniho systému. RozliSujeme 3 druhy matefského mléka:
kolostrum (mlezivo), pfechodné a zralé matetské mléko. Slozeni matefského mléka vykazuje
také vyznamné zmény v prib¢hu jednoho kojeni. Takzvané ,,pfedni mléko* pfijimané na
zacatku sani obsahuje vice vodné a sacharidové slozky, zatimco ,,zadni mléko* je bohaté na

nenasycené mastné kyseliny a cholesterol [99].

Obsah lipidi v mléce v prubéhu laktace vyznamné roste [108-110]. Celkové mnozstvi
triacylglyceroli se postupné zvysuje, coz vede ke zvétSovani tukovych globuli pfitomnych
v mléce. Oproti tomu biosyntéza fosfolipidi se snizuje [111]. Mnozstvi tuku vykazuje
circadialni rytmus a vyznamné se méni v prubéhu jednoho kojeni. ,,Zadni* mléko obsahuje az
4-5x% vice tuku (4-6 %) nez mléko predni (1,5-2,0 %), produkované na zacatku piti zralého

mléka.
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Naopak slozka proteinova [112, 113] je ve zralém mléce zastoupena mén¢ oproti kolostru.
Hlavnimi proteiny zastoupenymi v mléce jsou kasein, albumin, imunoglobulin IgA a lysozym
[114]. Proteiny zajistuji vyvazeny zdroj aminokyselin a n¢kterych enzymi potiebnych pro
traveni pfijimaného mléka (lipazy, amylazy, ...). Proteinovd slozka mléka zajistuje také
Siroké spektrum biologickych aktivit. Antimikrobialnich funkce imunoglobulini IgA, kaseinu,
laktorefinu, haptokorinu, a-laktalbuminu and laktoperoxidézy jsou umoznény jejich relativni
resistenci vi¢i protedzdm v horni casti traviciho traktu ditéte. Imunomodula¢né pisobi
piedevsim cytokiny a laktoferin.V pribéhu snizovéani celkového obsahu proteinii v objemu

mléka, roste podil kaseinu [112].

Také sacharidova slozka je v prubéhu laktace v poméru k celkovému objemu mléka snizovana
[115], pfevaznou cast tvori oligosacharidy. Prestoze celkové mnozstvi sacharidi v mléce
klesa, mnozstvi laktozy roste [116, 117]. Stoupa ze 4 % piitomnych v kolostru na 7 % ve

zralém mléce.

Zmény v koncentracich hlavnich slozek matetského mléka v pribéhu laktace (v zavislosti na

dobg, ktera ub&hla od porodu) viz Tabulka 5.

Kolostrum Pfechodné mléko Zralé mléko
Laktace (dny) 1-4 5-14 > 14
Tuky (g/dl), 1,99+0,25 3,89+0,28
Proteiny (g/dl ) 1,88+0,4 1,35+0,3
Oligosacharidy (g/l) 20,94+4,81 12,9+3,30
Retinol (umol/l) 5-7 3-5 1,4-2,6
a-Tokoferol (umol/1) 2,3-44,2 10,4-16,3 7,2-10,9

Tabulka 5: Zmény koncentrace sloZzek matefského mléka v pribéhu laktace upraveno podle ([1, 115-117]

4.4.2.2 Stanovované analyty — transport, koncentrace

Jednotlivé slozky matefského mléka prechazi z plazmy do prostoru mlécné Zlazy pres
membranu epitelidlnich sekre¢nich bunék. Existuje pét rGznych transportnich cest (Ctyfi
transceluldrni a jedna paracelularni). Nékteré latky pfimo piestupuji pomoci transportnich
proteinii pfes bazolateralni a nasledné ptes apikalni membranu (napi. monovalentni ionty,

voda, glukéza a urea). Dal§i moznosti je transport latek do Golgiho aparatu odkud jsou
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odd¢€leny jako vezikuly a do lumen mlécné Zlazy jsou transportovany exocytdozou (napi.
kasein, proteiny, laktoza, kalcium). Transcytdza, takzvany vesikuldrni transport je vyuzivan
behem tvorby kolostra pro transport imunoglobulintl, transferinu a prolaktinu. Paracelularni
transport umoziuje pfimé propojeni intersticia a mlécné zlazy, umoznuje piestup leukocyti.
Tato transportni cesta je oteviena pouze v dob¢ t¢hotenstvi a v pfipadé zanétu. Tukové
globule jsou transportovany specialni cestou. Jsou protlaceny ptes apikalni stranu sekretorni
bunky, proto zlstavaji i v matefském mléce obklopeny membranou, obcas tyto castice
obsahuji 1 Cast cytoplazmy. Timto zplsobem jsou do mléka transportovany tuky, vitaminy

rozpustné v tucich [118, 119] a hormony.

Koncentrace vitaminu A v mléce je zavisla nejen na sérovych hladindch matky, ale podle
délky laktace jeho uvolinovani klesa [1]. Zatimco koncentrace vitaminu E se Vv prubéhu laktace

neméni ani neni ovliviiovana zvySenym piijmem v potravé matky [120, 121].

4.4.3 Moznosti stanoveni

Koncentrace vitaminu A a E v matefském mléce, pfipadné vliv suplementace matky na
hladiny vitamind v mléce i séru kojeného ditéte, byly stanovovany mnohokrat [122-127]. Uz

Vv roce 1947 byla publikovana prace o vitaminu E v matetském mléce [128].

4.4.3.1 Priprava vzorku

Ptiprava vzorku pfed samotnou analyzou je 1 pies vyznamny posun stale ¢asoveé nejnarocné;jsi
fazi stanoveni. Je také zdrojem Castych chyb. ProtoZe je slozeni matrice velmi proménlivé a
zmény obsahu tukovych kapének v matetském mléce muize ovlivnit stanoveni lipofilnich

vitamind, musi byt ptiprava vzorku velmi robustni.

Velkym problémem je také vzorkovani. Matefské mléko neni homogenni matrici a mimo
ptirozené podminky dochazi velmi rychle k odd€lovani tukové a vodné slozky. Proto vzorek
nedostatecné homogenizovany mize obsahovat velmi rozdilné koncentrace stanovovanych
vitamind. Rozdily mohou vznikat také pfi porovnavani vzorkd piedniho a zadniho mléka.
Vodnatéjsi predni mléko vytvari dvouslozkovou matrici mnohem rychleji a je velkym
problémem udrZet homogenni prostfedi v priibéhu vzorkovani. Homogenizace vzorku muize

byt dosazeno néckolika zplisoby. NejbéznéjSim zptsobem je zahiivani vzorku na 37 °C za
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stalého michani, dale byva Casto pouzivana ultrazvukova lazen pro rozruSeni tukovych

kapének [129].

Retinol i a-tokoferol jsou v matetském mléce ptitomny v tukovych kapénkach, které byvaji
alespon caste¢né obaleny membranou, kterou ziskaji v prubéhu transportu sekretorni buiikou.
Vazba na transportni proteiny, lipidové kapénky ani na membrany neni kovalentni, piesto

musi byt vitaminy pfed samotnym stanovenim uvolnény z matrice [130].

K rozruSeni struktur, ve kterych jsou vitaminy navazany, se nejcastéji pouziva hydrolyza
(saponifikace). V priubéhu saponifikace dochazi k pfeméné esterti vitamini na alkoholy.
Tuky (glyceridy a fosfolipidy) jsou hydrolyzovany na volné mastné kyseliny a glycerol, které

mohou byt od vitamint separovany extrakci do organického rozpoustédla.

Saponifikace probihd nejcastéji hydroxidem sodnym v prostfedi ethanolu nebo methanolu
[130]. Alkohol v reakéni smési rozrusuje vazby vitaminti na proteinové ¢asti tukovych globuli
a odstraiiuje z matrice proteiny. Saponifikace muze probihat za studena nebo za tepla.
Kompletni alkalicka hydrolyza tukti za laboratorni teploty je ¢asoveé narocna (vyzaduje cca 12
hodin) [131, 132]. Tradi¢ni alkalicka hydrolyza za studena byla ale nahrazena hydrolyzou za
zvySené teploty. Vyssi teplota priibéh urychli, pfi 80° trva kompletni hydrolyza do 30 minut
[133, 134]. Dlouhy ¢as saponifikace za nizsi teploty ma za nasledek sice lepsi homogenizaci
vzorku a tim 1 snizeni variaéniho koeficientu, ale dochdzi k vyznamnym ztratdm
stanovovanych vitamind [129]. Association of Official Analytical Chemists’ International
(AOAC) poskytuje validovanou referenéni metodu pro stanoveni retinolu [135] a a-tokoferolu

[136] ve kter¢ je pouzita saponifikace matrice pii 70 °C 25 a 30 minut.

Byla popsana také hydrolyza enzymaticka [137], ktera je Setrnéj$i nejenom k retinolu, ale
umoziuje stanovit zaroven estery retinou a karotenoidy. V roce 2001 byla publikovéna on-
line extrakéni metoda, kterd kombinuje vyhody superkritické fluidni extrakce (SFE) a

enzymatické hydrolyzy [138].

Vitaminy byvaji ze saponifikované smési extrahovany organickymi rozpoustédly. Nejcasteji
pouzivana rozpoustédla pro extrakci jsou n-hexan [129, 139] a diethylether. VytéZznost
extrakce zavisi na objemovém zlomku ethanolu ve vodné fazi extrakéni smési Prostiedi, které

vznikne po saponifikaci (voda-ethanol-soli mastnych kyselin) se chova jako uhlovodikové
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rozpoustédlo a konkuruje tak organickému rozpoustédlu. Vytéznost v této situaci zavisi také
na obsahu mastnych kyselin (lipidi) ve vzorku. Pokud nejsou pouzity optimalni podminky
pro uvolnéni analytl z lipofilniho prostiedi po saponifikaci, vytéznost extrakce je velmi nizka
[130]. Optimalni koncentrace ethanolu ve vodném prostiedi pro extrakci retinolu a a-
tokoferolu do n-hexanu je mezi 30-40 % [140]. Krom¢ nejcastéji pouzivané klasické extrakce

byla publikovana metoda pro superkritickou fluidni extrakci [141].

4.4.3.2 Stanoveni — separace vitamini, detekce

Ke stanoveni obou vitamint V jednom vzorku se pfevazné pouzivaji chromatografické metody
[142-144]. Retinol je mozné detekovat spektrofotometricky (absorpéni maximum 325 nm),
fluorescenéné (excitatni maximum 324-328 nm; emisni maximum 470-490 nm) i
elektrochemicky. Pfi elektrochemickém stanoveni jsou detekéni limity srovnatelné se
spektrofotometrickou detekci. a-Tokoferol 1ze také detekovat stejnymi technikami. Absorpéni
maximum je 292 nm, pii fluorescenéni detekci jsou maxima 295 a 330 nm. Elektrochemicka
detekce je pro o-tokoferol citlivéj$i nez fluorescencni. Nejcastéji jsou tyto vitaminy

stanovovany spektrofotometricky [145-148].

4.4.3.3 Moderni pristupy, automatizace

Cilem soucasnych analytickych metod je zjednoduSeni postupii a zkraceni doby pfipravy
vzorku. Minimalizovani ru¢ni prace pii piipravé vzorku a zavadéni automatickych metod neni
pouze cilem, tyto nové metody pouzivaji také mensi objemy organickych rozpoustédel, proto
jsou i levnéjsi a Setrnéj$i k Zivotnimu prostiedi (zelena chemie). V roce 1999 byla
publikovdna plné automatizovand metoda pro stanoveni vitaminu A a E vmléce a
kojeneckych vyzivach. Stanoveni vychazi z referen¢nich metod AOAC, které zahrnuji
saponifikaci a extrakci, a je provadéno robotickou stanici propojenou s HPLC systémem s UV

detekci [149].
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5 Pristrojové vybaveni

5.1 Chromatografickeé sestavy

Separace, identifikace a kvantifikace stanovovanych liposolubilnich vitamint byly provadény

na chromatografickych sestavach firmy Schimadzu. V praci byly pouzity dvé sestavy:

Prominence Shimadzu (Kyoto, Japan) patiici do kategoric HPLC (vysokou¢inné

kapalinové chromatografie) a Nexera Shimadzu (Kyoto, Japan), ktera se fadi do nové;jsi

kategorie chromatografického pfistrojového vybaveni UHPLC (ultra ucinnd kapalinova

chromatografie). Vyhody a omezeni obou piistroji shrnuje Tabulka 7, ktera specifikuje

jednotlivé soucasti sestav. Pii vyvoji metod byly porovnavany vlastnosti analytickych kolon

riznych typt. Tabulka 6 shrnuje vlastnosti jednotlivych kolon rozdélenych podle typu na

monolitni, ¢asticové a kolony s ¢asticemi s pevnym jadrem a poréznim povrchem.

, , . Rozméry Castice Porozita

Vyrobce Nazev Faze

Y (mm)  @m) A

monolitni kolony

Merck® Chromolith Performance RP-18e 100x4,6 - 130

Merck® SpeedROD RP-18e 50x4,6 - 130

Phenomenex® Onyx C18 100x3,0 - 130
¢asticoveé kolony

Supelco® Ascentis RP-amide  150%3,0 2,7 90

kolony s ¢asticemi s pevnym jadrem a poréznim povrchem

Supelco® Ascentis Express C18 150%2,1 2,7 90

Supelco® Ascentis Express RP-amide  100x%3,0 2,7 90

Supelco® Ascentis Express RP-amide  75%3,0 2,7 90

Tabulka 6: Popis jednotlivych analytickych kolon pouZitych p¥i vyvoji separaénich metod

 Merck (Darmstadt, Némecko)
® Phenomenex (Torrance, USA)
“Supelco (Bellefonte, USA)
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Soucasti systému

Prominence Nexera
Technické specifikace
fidici software LC Solution Lab Solution
komunika¢ni modul CBM-20AC CBM-20A
autosampler SIL/20AC SIL/30AC
pracovni teplota (° C) 4-40 4-35

max pocet vzorkl
Rack changer/C (max pocet vzorki)
davkované objemy (ul)
opakovatelnost nastiiku (RSD)
spravnost nastiiku

max pracovni tlak

10+70 (1,5 ml vialky)
(96 x 12) 1152 (MTP)

1-50 uL
<0,25% (50 uL)
+1% (50 uL, n=10)
130 MPa (18 850 PSI)

1-100 uL
<0,3% (10 pL)
+1% (50 puL, n=10)
20 MPa (2 900 PSI)

vysokotlaké ¢erpadlo (pumpa) LC-20AB LC-30AD
pratok (ml/min) 0,0001-10 0,0001-5
spravnost pritoku + 1% (0,01-2 ml/min) + 1%
presnost pritoku + 0,3% (0,05-5 ml/min) < 0,06%
presnost miseni (2 rozpoustédla) =+ 0,5% (0,05-2 mL/min) +0,5 %
degasér DGU-20A5 DGU-20A5
kolonovy termostat CTO-20 A CTO-20 AC

pracovni teplota ( C)

detektor

lab. teplota -10 °C az +85 °C

DAD (SPD-M20A) UV/VIS (SPD-20A)

rozsah (nm)
pracovni teplota (° C)
Sum (AU)
opticka draha (mm)

objem cely (ul)

190-800 (512 diod) 190-700 (dualni mod)

9-50 9-50
+0,3x10° +0,25x107
10 10
10 12

Tabulka 7: Technické specifikace chromatografickych systémi (zpracovano podle technickach listi,

Shimadzu)
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5.2 Laboratorni vybaveni pro pripravu vzorki

Vybaveni, které bylo pouzito pfi ptipravé vzorka extrakci z kapaliny do kapaliny (LLE) nebo na pevnou fazi (SPE) viz Tabulka 8.

Vybaveni Nazev Vyrobce
orbitalni tfepacka LabDancer V IKA (Staufen, Némecko)
horizonalni laboratorni tfepacka LT1 Kavalier (Votice, Ceské republika)
termoblok Transsonic Ultrasonic Cleaning Units TP 680 DP Elma (Singen, Némecko)
termostat Stericell BMT (Brno, Ceska republika)
centrifuga Centrifuge 5810-R Eppendorf (Prague, Ceska republika)
rotor Swing-bucket Rotor A—4-62 Eppendorf (Prague, Ceska republika)
laboratorni vakuovéa odparka Concentrator 5301 Eppendorf (Hamburg, Némecko)
pH metr Argus ¥ Sentron (Roden, Nizozemi)
elektroda ISFET Sentron (Roden, Nizozemi)
manifold Visiprep™ SPE Vacuum Manifold DL (12-port model) ~ Sigma-Aldrich (Praha, Ceska republika)
vakuova pumpa VACC-SPACE 50 Chromservis (Praha, Ceska republika)
analytické vahy Sartorius ME5-0CE Sartorius AG (Goettingen, Némecko)

Tabulka 8: Pfesné nazvy a vyrobce laboratorniho vybaveni
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6 Experimentalni ¢ast | - Stanoveni vitamini A, E

a D v lidském séru

Hlavni diiraz byl kladen na stanoveni vitaminu D a jeho aktivnich metaboliti 25(OH)D a
1,25(0OH),D. Stanoveni vitamini A, E a D z jednoho vzorku odebraného materialu rozsifuje
moznosti klinického posouzeni stavu pacienta a zaroven snizuje zatéz, kterou odbér krve pro
nékteré¢ pacienty bezesporu je. Samoziejmosti je také zmensSeni ndkladl potifebnych pro

jednotlivé stanoveni.

Postup stanoveni koncentrace zkoumanych latek v biologickém materidlu zévisi na fyzikalné
chemickych vlastnostech analyzovanych latek a slozitosti matrice. Cilem této prace bylo
vyvinout a validovat chromatografickou metodu, ktera by umoznila stanoveni vSech
vybranych vitamini (A, E, D a metabolity vitaminu D), a extrakéni postup vhodny pro

zvolenou detekci.

6.1 Chromatograficka separace vitaminu

Stanovované vitaminy 1,25(0OH),D3, 25(0OH)D3, D, Ds, retinol a a-tokoferol maji velmi
rozdilnou lipofilitu. Jejich lipofilita vyjadiena logP se pohybuje mezi 5,63-10,96 (viz Tabulka
2), disledkem této diskrepance je nutnost rychlé zmény elucni sily ptipadné velké zvySeni
rychlosti mobilni faze, aby bylo dosazeno piijatelnych elu¢nich casti vSech analyti. Na
druhou stranu vitamery D;, D3 a jejich metabolity se od sebe 1i§i pouze ptitomnosti dvojné
vazby a dalSiho uhliku na postrannim fetézci (D7), proto jejich oddéleni vyzaduje velkou

separacni u¢innost zvoleného systému.

6.1.1 Separace na monolitnich kolonach

Cilem tohoto experimentu bylo navrhnout separaci, ktera by maximalné vyuzivala vyhodnych
vlastnosti monolitnich kolon: 1) Zachovani separani Uc¢innosti 1 pi1 velkych pritocich
mobilni faze. 2) Nizky zpétny tlak, ktery umoziluje prodlouzeni kolony pro lepsi rozliSeni
pikil bez tlakovych omezeni. 3) Extrémné rychla re-ekvilibrace systému po zméné pritoku i

sloZeni mobilni faze.
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6.1.1.1 Standardy, chemikalie, pFiprava roztoku

Stanovované vitaminy (nazev) Vyrobce
1,25-dihydroxycholecalciferol Calbiochem (Darmstadt, Némecko)
25-hydroxycholecalciferol Calbiochem (Darmstadt, Némecko)
Ergocalciferol Fluka (Praha, Ceska republika)
Cholecalciferol Fluka (Praha, Ceska republika)
Retinol, >97,0% (HPLC) Calbiochem (Darmstadt, Némecko)
(+)-a-Tocopherol synthetic, >96% (HPLC) Calbiochem (Darmstadt, Némecko)
rac- Tocol 50 mg/ml Matreya (Pleasant Gap., USA)

mobilni faze

Methanol - gradient HPLC grade Scharlau Chemie (Sentmenat, Spanélsko)
Acetonitrile gradient grade Merck (Darmstadt, Némecko)
2-Propanol gradient HPLC Scharlau Chemie (Sentmenat, Spanélsko)

Ultrapure water system, Goro (Praha,

deionizovana voda Coskd republika)®

Zasobni roztoky cholekalciferolu a ergokalciferolu byly pfipraveny rozpusténim piesného
mnozstvi navazeného standardu v odmérné bance methanolem o vysledné koncentraci 2
mmol/l. Zasobni roztok 1,25(0OH),D3; a 25(OH)D3 byly pfipraveny stejnym zpuisobem o
koncentracich 4,80 umol/l a 49,91 pmol/l.

Zasobni roztoky retinolu a a-tokoferolu byly ptipraveny o vysledné koncentraci 2 mmol/l. Pro
rozpousténi o-tokoferolu byl jako primarni rozpoustédlo pouzit n-hexan. Nasledna fedéni
kalibra¢nich a pracovnich roztokti pozadovanych koncentraci byla provedena methanolem.
Roztok tokolu o deklarované koncentraci 50 mg/ml byl zfedén n-hexanem na zasobni roztok

0 koncentraci 1 mmol/l. Tokol byl pouzit jako vnitini standard.

6.1.1.2 Vyvoj metody

Na vyvoji metody se podilela Alena VIckova b&hem vypracovani své diplomové (Vyvoj
HPLC metody stanoveni vitaminu D v biologickém materidlu — 2008) a rigordzni prace

(HPLC metoda pro souc¢asné stanoveni liposolubilnich vitamint A, D ,E — 2009).
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Byly testovany tfi kolony: 1) Chromolith Performance (100x4,6 mm), 2) SpeedRod (50x4,6
mm) a 3) Onyx (100x4,6 mm). VSechny tfi kolony mély stejnou fazi i porozitu. Pfesny popis
kolon viz Tabulka 6. U¢innost separace byla hodnocena na zékladé porovnani naméfenych
retencnich Casu (tr), teoretickych pater (N), vySkového ekvivalentu teoretického patra (HETP)

a rozliSeni (R).

Kratka kolona SpeedRod a kolona Onyx pfi optimalizovaném pritoku sice separovaly piky
vitaminu D3 a D, s podobnym rozliSenim jako kolona Chromolith Performance, ale pocet

teoretickych pater metabolitl vitaminu D nespliioval pozadavky FDA.

Pravé tyto metabolity se v lidském séru vyskytuji v koncentracich 10~ (kalcidiol) a 10
(kalcitriol) mol/l. Proto byl pii vyvoji chromatografické metody s ohledem na pouziti
stanovovanych vitaminti v séru kladen daraz na Uc¢innost separace a limity detekce a
kvantifikace téchto metaboliti. Pro zvySeni U¢innosti separace byly pouzity dvé kolony

(Chromolith Performance a SpeedRod) sériove zapojené.

Kalcidiol, kalcitriol a retinol maji logP v rozmezi 5,63 az 7,08 na rozdil od molekul vitaminu
D3, D, a a-tokoferolu jejichz lipofilita vyjadiena logP odpovida hodnotdm mezi 9,09 a 10,96.
Zmény elucni sily mobilni faze lze dosdhnout postupnym nebo stupniovitym (skokovym)
gradientem. ProtoZe monolitni kolony umoznuji velmi razantni zménu pii zachovani

separacni uc¢innosti kolony, byla zvolena metoda skokového gradientu.
6.1.1.3 Vysledky

Popis chromatografické metody

Pro separaci byly pouzity dvé sériové zapojené monolitni kolony Chromolith Performance
RP-18e, 100 x 4,6 mm a SpeedRod RP-18e, 50 x 4,6 mm, celkova délka kolony byla
150 mm. Skokovy gradient byl pouzit pro zménu slozeni i prutoku mobilni faze, zména byla
provedena ve tieti minuté separace. Celkova doba analyzy byla 6,5 minuty (vcetné ekvilibrace
kolony). Nastiik vzorku na kolonu byl 20 pl. Pfesny popis chromatografickych podminek viz
Obrézek 11.
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Obrazek 11: Popis chromatografickych podminek separace
7000
4
| 5

5000 + 6
S 3000 - 7
E
I 8 3
GE') 1000 - 5
g 1 .

-1000 +

'3000 T T T T T T

0 1 2 3 4 5 6

¢as (min)

Chromatogram 1: Chromatogram separovanych analyti (1 — 1,25(OH)D5 0,80 pumol/l, 2 — 25(OH)D; 0,83
pmol/l, 3 — retinol 0,83 pmol/l, 4 — tokol 20 pmol/l, 5 — vitamin D, 4,17 pmol/l, 6 — vitamin D3 4,17 pmol/l,
7 — a-tokoferol 16,67 pmol/l)

Separace vitamini a tokolu jako vnitiniho standardu je zobrazeno na zdznamu Chromatogram

1. Mezi tietim a Ctvrtym pikem je ve tfeti minuté analyzy vidét odezva pii pfepnuti na mobilni
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fazi B a zména prutoku na 3,5 ml/min. K ustdleni zdkladni linie doslo béhem pil minuty, coz
je dostateéné pro separaci piku €. 4. Druhé pfepnuti mobilni faze nastavd po skonceni
separace. Dal$i analyza v sérii za¢ind piepnutim mobilni faze A a snizenim pritoku na 3,0
ml/min, protoze je v této ¢asti separace nizsi pratok, odezva skokové zmeény probeéhne béhem

jedné minuty. Piesto je pfed prvnim pikem stanovovaného analytu zékladni linie rovna.

Validace metody

Metoda byla validovéna podle pozadavki FDA [150]. Uginnost separace systému byla
hodnocena na zékladé nasledujicich parametrt: kapacitni faktor (k™>2), pocet teoretickych
pater (N>2 000), vyskovy ekvivalent teoretického patra (HETP), faktor symetrie (T<2) a
rozliSeni (Rs>2). Parametry, které nespliiuji stanovené pozadavky, jsou v tabulce Tabulka 9:
oznaceny presSkrtnutim. V tabulce nejsou uvedeny hodnoty testu vhodnosti systému pro analyt
1,25(0OH),D3, piestoze separace byla dostate¢na (k'=3,19). Na zaklad¢ vypocitanych limith
detekce a kvantifikace (viz. Tabulka 10) je zcela jasné, ze koncentrace vitaminu pfitomné
Vv lidském séru touto metodou nelze stanovit. Proto pro tento analyt nebyly hodnoceny dalsi

valida¢ni parametry.

k’ N H (um) T Rs
25(0OH)D3 5,61 3187 47 1,13 4,03
retinol 7,29 2544 58 1,12 2,34
tokol 12,90 20 888 7 1,04
ergokalciferol 15,23 9723 15 1,13 3,071
cholekalciferol 15,90 7908 19 1,29 0,84
a-tokoferol 18,39 6 492 23 1,27 2,394
Tabulka 9: Test zpiusobilosti systému
k' = (tg-to) / to T = Wy i/2F
N = 5,545%(tg / Wy 5) Re= 2%(tri - tr))/ (Wi - W)
H=L/N

Parametr rozliSeni (Rs) je v tabulce pocitan vzdy pro pik, ktery je eluovan pred konkrétnim
analytem (tabulka je uspofddana podle vzristajicich reten¢nich Casti analytil). Pro tokol
nebylo Rs pocitano, protoze mezi pikem vnitifniho standardu a predchazejicim pikem retinolu
dochazi ke skokovému piepnuti mobilni faze i zméné pritoku. Nedostateéné rozliSeni mezi
vitamery ergokalciferolem a cholekalciferolem (Rs=0,84) neni pro stanoveni vitamint v séru

problémem. Tyto vitamery se v realném vzorku spolecné v podstat¢ nemohou vyskytnout,
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protoze ergokalciferol je pfijiman z potravy V minimalnim mnozstvi a pokud je pacient
suplementovan, tak vzdy pouze jednim 2z vitamerd pfipadn¢ uz konkrétnim

hydroxymetabolitem.

Dalsi validaéni parametry: opakovatelnost néstfiku (<2% pro retencni €as i1 plochu piku),
linearita vyjadfena rovnici pfimky, koeficientem regrese a rozsahem, a limity detekce a
kvantifikace shrnuje Tabulka 9.
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Opakovatelnost Linearita Limity

jednotky trrsp% A RSD % rovnice piimky r? rozsah LOD LOQ

1,25(0OH),D3 nmol/Il 1329 265,7

25(0OH)D3 nmol/I 1,32 1,72 y =0,0089 x - 0,0120 0,99982 50 - 1500 42,50 85,00

retinol umol/l 1,31 1,87 y=251745x-0,2571  0,99279 0,25-10 0,05 0,11
tokol (IS) 0,20 1,35

D, nmol/I 0,20 1,33 y =6,1648 x - 0,0432 0,99976 500 - 50 000 11,33 22,66

Ds nmol/I 0,19 1,51 y =7,6854 x - 0,0563 0,99847 500 - 50 000 10,59 21,19

a-tokoferol umol/1 0,16 1,46 y =1,1631 x - 0,0082 0,99979  1,0-50 1,55 3,10

Tabulka 10: Valida¢ni parametry

57



6.1.2 Separace na kolonach spevnym jadrem a poréznim

povrchem

Dalsi moznosti, jak zvysit separacni u¢innost chromatografického systému, je volba kolony
s technologii ¢astic s pevnym jadrem a poréznim povrchem. Tyto ¢astice umozinuji dosahovat
vysokych separa¢nich G¢innosti pii tvorbé nizkého zpétného tlaku kolony. Dalsi vyhodou je

vyrazné snizeni spotfeby mobilni faze.

Cilem tohoto pokusu bylo vyvinout separa¢ni metodu vhodnou pro komplexni stanoveni
vitaminu D, retinolu a a-tokoferolu. Vitaminem D se v tomto pifipadé mysli jeho aktivni
metabolit 1,25(0OH),D3; a oba dva vitamery prvniho metabolitu (25(OH)D; a 25(0OH)D3).
Duraz byl kladen pfedevSim na vyvinuti a validaci takové metody, kterd by byla dostate¢né
citliva pro stanoveni prvniho metabolitu vitaminu D (25(OH)D) a umoznila rozlisit jeho dva
vitamery (25(0OH)D, a 25(OH)D3) pro klinické vyuziti. Mezi zasadni kritéria posuzovani
vhodnosti metody patfila také rychlost separace s ohledem na planované vyuziti metody pro

velké série vzorkl a samoziejme 1 spotieba organické mobilni faze.

6.1.2.1 Standardy, chemikalie, pFiprava roztoku

Stanovované vitaminy (nézev) Vyrobce

l1a,25-Dihydroxyvitamin D3, >99% (HPLC) Sigma-Aldrich (Praha, Ceska republika)

25-Hydroxyvitamin D2, >98% (HPLC) Sigma-Aldrich (Praha, Ceska republika)

25-Hydroxycholecalciferol, >98% (HPLC) Sigma-Aldrich (Praha, Ceska republika)

Cholecalciferol, >98% (HPLC) Sigma-Aldrich (Praha, Ceska republika)

Ergocalciferol, >98%% (HPLC) Sigma-Aldrich (Praha, Ceska republika)

Retinol, >97% (HPLC) Sigma-Aldrich (Praha, Ceska republika)

(+)-a-Tocopherol synthetic, >96% (HPLC) Sigma-Aldrich (Praha, Ceska republika)
rac-Tocol 50 mg/ml Matreya (Pleasant Gap., USA)
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Mobilni faze

Acetonitrile gradient grade Merck (Darmstadt, Némecko)
2-Propanol gradient HPLC Scharlau Chemie (Sentmenat, Spanélsko)
Methanol - gradient HPLC grade Scharlau Chemie (Sentmenat, Spanélsko)

Deionizovana voda Goro (Praha, Ceské republika)®

% soucet viech enantiomeri
® deionizovana voda byla ptipravovana metodou reverzni osmozy a filtrace (Ultrapure water system, Goro, Praha
Ceska republika) pfimo v laboratofi

Zasobni roztoky metabolitd vitaminu D (25(0H)D, a 25(0OH)D3;) byly pfipraveny
kvantitativnim rozpusténim 1 mg standardu v methanolu. Vysledné koncentrace roztoki byly

242,34 pmol/l a 249,56 umol/l.

Zasobni roztoky retinolu a a-tokoferolu byly pfipraveny o vysledné koncentraci 2 mmol/l. Pro
rozpousténi a-tokoferolu byl jako primarni rozpoustédlo pouzit n-hexan. Nasledna fedéni

kalibra¢nich a pracovnich roztoki pozadovanych koncentraci byla provedena methanolem.

Kalibra¢ni roztoky byly pfipraveny fedénim zdkladni smési stanovovanych vitamint.
Jednotlivé koncentrace byly pro retinol 38,00 pumol/l, pro 25(0OH)D, 2,42 umol/l a pro
25(0OH)D3 2,50 umol/l. Tato smés byla fedéna 1/1, 1/3, 1/5, 1/7, 1/9, 1/20, a 1/25 (v/v)

methanolem. Kazda kalibra¢ni hladina obsahovala 15 mmol/l interniho standardu (tokolu).
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6.1.2.3 Vyvoj metody

Vyvoj separa¢ni metody probihal na chromatografickém systému Nexera Shimadzu (Kyoto,

Japan), podrobnosti o sestavé viz Tabulka 7:.

V prvni fazi testovani byly ovéfeny vyhody kolon plnénych Casticemi s pevnym jadrem
V porovnani s plné poréznimi Casticemi. Zaroven byl sledovan vliv modifikace stacionarni
faze vlozenou amidovou skupinou. Toto porovnani bylo provedeno na kolonach Ascentis,
které¢ délkou odpovidaly kolonam monolitnim, na kterych byla vyvinuta prvni metoda

separace vitaminu (viz kapitola 6.1.1.3). 1) Kolona plnéna plné poréznimi Casticemi méla

stacionarni fazi C18 modifikovanou vlozenou amidovou skupinou (Ascentis RP-amide,
150%2,1 mm, 3,0um ) a 2) kolona plnéna asticemi s pevnym jadrem a poréznim povrchem

(Ascentis Express C-18, 150x3,0 mm, 2,7um).

Kolona plnéné ¢asticemi s pevnym jadrem vykazovala témét poloviéni zpétny tlak i retencni
¢asy obou hlavnich koeluujicich pikt (25(OH)D3 a 25(0OH)D) oproti koloné s plné por6znimi

casticemi (Graf 1).

Difuzni vrstva pln€ porézni Castice (velikost ¢astice 3 um) je 1,5 um, u ¢astice s pevnym
jadrem (Castice 2,7 um) je 0,5 um. Zkraceni difuzni cesty analytu ma za nasledek vyznamné
zkraceni retencnich Cast, ale separacni ucinnost kolony je zachovéana. Vysledky porovnani
separacnich G¢innosti testovanych kolon na zéklad¢ hodnot kapacitnich faktort pro 25(OH)D3

a 25(0OH)D,, faktoru selektivity a rozliseni viz Tabulka 11.
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Graf 1: Porovnani plné poréznich ¢astic a ¢astic s pevnym jadrem na zakladé zpétného tlaku kolony a
reten¢nich ¢asi analyta
% 25(0H)Ds 25(0H)D;
Castice ACN | T K N T K N o« R
100 -- 1,71 2455 -- 1,88 2270 1,10 0,00
s jadrem 90 1,27 1,70 4037 122 260 4789 1,21 1,00
80 1,17 3,73 8385 1,13 4,65 10132 1,25 1,70
100 109 249 1855 1,09 249 1855 1,00 0,00
In& porézni 90 1,20 3,13 4512 1,15 358 4943 1,14 0,80
pine porez 80 | 111 566 6971 109 679 7594 120 1,30
75 1,05 9,97 8559 1,30 12,10 9202 1,21 1,90

Tabulka 11: Test zpiusobilosti porovnavanych kolon (kapacitni faktor, faktor selektivity a rozlieni
hlavnich koeluujicich piki spliiujici pozadavky k'>2, a>1 a R>1,5 jsou vyznaceny tu¢né)

T = faktor symetrie a = faktor selektivity (separa¢ni faktor)

k’ = kapacitni faktor R = rozliseni
N = pocet teoretickych pater
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Na zéklad¢ téchto vysledk byly pro dalsi testovani zvoleny kolony s pevnym jadrem a
modifikovanou stacionarni fazi Ascentis Express RP-Amide 100x3,0 a 75%3,0 mm. Pro

finalni optimalizaci separace byla zvolena krat§i kolona Ascentis Express RP-Amide

75%3,0 mm, ktera vykazovala dostateCnou separacni uc€innost pro stanoveni ve velmi kratkém

case.

V dalsi fazi vyvoje metody byly porovnany elu¢ni sily mobilnich fazi acetonitril/voda
(ACN/voda) a methanol/voda (MeOH/voda) Elu¢ni sila smési mobilni faze ACN/voda byla
vyznamné vEtsi nez smési methanol/voda. Pii stejném objemovém % organické slozky (75 %)
byl rozdil v retencnich Casech téméf 10 minut pii dostatecném rozliSeni pro 3 koeluujici
vitaminy — 25(OH)D,, 25(OH)Dj; a retinol. Vysledky tohoto pokusu znazornuje graf zavislosti
retenéniho ¢asu na % organické slozky mobilni faze pro methanol a acetonitril (Graf 2). Pro

vyslednou metodu byla zvolena gradientova eluce smési ACN/voda.
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Graf 2: Reten¢ni graf zavislosti na % organické slozZky mobilni faze
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V dal§im kroku byl testovan vliv pH vodné slozky mobilni faze na u¢innost separace. Jako
limitujici kritérium byly zvoleny hodnoty kapacitnich faktort a rozliSeni dvou vitamerd
25(0OH)D, protoze jejich dostatecna separace byla pro vyvijenou metodu zasadni. Vliv pH byl
testovan v rozsahu 3-7. Separace Ctyf vitamina (25(OH)D,, 25(OH)Ds, retinolu a o-
tokoferolu byla vyznamnéji ovlivnéna pouze pii pH=4. Doslo ke zlepSeni rozliSeni mezi piky
vitamertt 25(OH)D o 2%, ke zlepSeni o 5% doslo také u poctu teoretickych pater a HETP.
Naopak tvar pikt byl pfi tomto pH ovlivnén negativné, chvostovani pikli vyjadiené hodnotou
tailing faktoru (T) se zhorSilo o0 12 % u piku 25(OH)D;. Plocha a vyska piku retinolu byly
snizeny o 7 %, stejné parametry pro pik a-tokoferolu poklesly dokonce o 36%. Proto byla pro

dalsi optimalizace pouzivana deionizovana voda o pH 5-6.

6.1.2.4 Vysledky

Popis chromatografické metody

Separace probihala na chromatografické sestavé Nexera Shimadzu (Kyoto, Japan)
podrobnosti o sestavé viz Tabulka 7: s analytickou kolonou Ascentis Express RP-Amide

75%3,0 mm. Kolonovy termostat byl nastaven na 30 °C a teplota v cele detektoru na 35 °C.

Stanovované vitaminy byly detekovany pii vinovych délkach: 25(OH)D3; a 25(OH)D;
(kalcidiol) —265 nm, a-tokoferol a tokol (vnitini standard) — 295 nm a retinol — 325 nm.

Celkova doba analyzy byla 9,0 minut v€etné ekvilibrace kolony. Nastfik na kolonu byl 5 pl.

Optimalizovana metoda ma gradient mobilni faze i pritokovy gradient. Pribéh metody

(gradienty) znazornuje Graf 3. Zaznam separace standardi viz Chromatogram 2.
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Chromatogram 2: Separace standardi (1 — retinol 0,63 pmol/l, 2 — 25(OH)D; 41,9 nmol/l, 3 — 25(0OH)D,
41,5 nmol/l, 4 — tokol 15 pmel/l, 5 — a-tokoferol 10,3 pmol/l)
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Validace

Metoda byla validovana podle pozadavki FDA [150]. Uginnost separace systému byla
hodnocena na zékladé nasledujicich parametri: kapacitni faktor (k”>2), pocet teoretickych
pater (N>2 000), vyskovy ekvivalent teoretického patra (HETP), faktor symetrie (T<2).
Rozliseni (Rs>2,0). Vysledky testu zpisobilosti systému viz Tabulka 12.

Analyt k’ N H (um) T Rs
retinol 3,94 2 818 27 1,08
25(0OH)D3 3,59 2 620 29 1,01

25(0H)D, 4,71 2410 31 1,10 2,7
tokol 12,37 52 403 1,4 1,10

a-tokoferol 13,58 50 591 1,4 1,07 13,6

Tabulka 12: Test zpiisobilosti systému

k' = (tR-to)/to T= W0'01/2F
N = 5,545*(ta/W,35) 2 Ry = 2%(tri - tr))/ (Wi - W)
H=L/N

RozliSeni mezi retinolem a 25(OH)Dj3 nebylo pocitano, protoZze detekce probiha na rozdilnych
vinovych délkéach (325 a 265 nm). Dalsi valida¢ni parametry opakovatelnost nastiiku (< 2%
pro reten¢ni ¢as i plochu piku, n=6), linearita vyjadiena rovnici pfimky, koeficientem regrese

a rozsahem a limity detekce a kvantifikace jsou zpracovany viz Tabulka 13.

Robustnost metody byla testovana pii zméné teploty kolony = 5 C od nastavené teploty a pti
zméné pratoku mobilni faze = 10 a 15% nastaveného pritoku. Vysledky hodnocené podle
pozadavku [151] (faktor symetrie musi byt < 1,5 a rozliSeni u pikd, které maji nejvétsi

koeluci, musi byt > 1,5). Vysledky méfeni shrnuje Tabulka 14.
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Opakovatelnost Linearita Limity
jednotky tRrsD% A RsSD % rovnice pfimky rz Rozsah LOD LOQ
25(0H)Ds nmol/I 0,07 1,19 y =1770,42 x - 3,34984 0,9995 12,8-166,7 1,60 5,32
25(0H)D, nmol/I 0,14 1,17 y =1779,93 x + 24,0668 0,9998 12,8-166,7 2,71 9,37
retinol pumol/1 0,02 0,80 y =1,13029 x - 0,140164 0,9997 0,05-2,53 0,001 0,005
tokol (1S) plocha 0,08 0,29
a-tokoferol pumol/1 0,01 0,52 y = 38,8999 x + 0,442027 0,9997 0,79-40 0,026 0,087
Tabulka 13: Validaé¢ni parametry separa¢ni metody (kolona Ascentis Express RP-Amide 75%3,0 mm, ¢astice 2,7pum)
Teplota kolony 25(0H)D3 25(0OH)D,
= tr T K N HETP e T K N HETP Rs
25 4,14 1,07 4,64 2047 37 5,58 1,02 6,60 1152 65 1,7
30 3,46 1,09 3,71 2234 34 436 1,10 4,95 1619 46 1,5
35 2,88 1,12 2,99 2461 30 346 111 3,79 2161 35 1,1
Pratok MF
(ml/min)
0,375 5,33 1,15 6,67 1206 62 492 1,04 9,83 1420 53 2,0
0,45 3,96 1,10 3,93 2 054 37 366 1,12 5,45 1169 64 1,5
0,50 3,46 1,09 3,71 2234 34 323 1,10 4,95 1619 46 1,5
0,55 3,01 1,10 3,46 2 540 30 2,81 1,09 4,45 2139 35 1,2
0,625 2,58 1,09 3,26 2612 29 2,42 1,07 4,10 2 457 31 1,2

Tabulka 14: Robustnost — zména pritoku mobilni faze (hodnocené parametry T < 1,5 a Rs > 1,5, které odpovidaji pozadavkiam, jsou v tabulce zvyraznény)



6.2 Priprava vzorku pred chromatografickou separaci

Neupravené vzorky obsahujici biologickou matrici (sérum, plazma, mo¢, plna krev, ...) jsou
vétsinou nevhodné pro pfimou chromatografickou analyzu. Piiprava vzorku pied samotnou
analyzou vétSinou odstraiiuje ze vzorku matrici, ktera je nekompatibilni s chromatografickym
systémem. Dal§im divodem pro pfedipravu vzorku je pfitomnost interferujicich latek, které
rusi samotné stanoveni. V neposledni fad¢ je potieba zakoncentrovat stanovované latky pro

dostatecnou citlivost metody.

Cilem téchto pokust bylo porovnat vyhody tradi¢ni piipravy vzorku (LLE) a moderngj$iho
postupu extrakce na pevnou fazi (SPE). Na zaklad¢ tohoto porovnani zvolit optimalni postup

ptipravy vzorku pro stanoveni vitaminu D a ostatnich liposolubilnich vitaminti (A a E) v séru.

6.2.1 Extrakce na pevnou fazi (SPE)

Jako prvni byla testovana extrakce na pevnou fazi. Pfi postupu byla zdiraznéna nizsi spotieba
organickych rozpoustédel oproti LLE. Velkou vyhodou tohoto zpracovani vzorku je rychlejsi
odstranéni interferujicich latek a vétsi Cistota extraktu, kterd umoziuje stanovit latky o velmi

nizkych koncentracich.

6.2.1.1 Standardy, chemikalie, pFiprava roztoku

Stanovované vitaminy (nazev) Vyrobce
1,25-dihydroxycholecalciferol Calbiochem (Darmstadt, Némecko)
25-hydroxycholecalciferol Calbiochem (Darmstadt, Némecko)
Ergocalciferol Fluka (Praha, Ceska republika)
Cholecalciferol Fluka (Praha, Ceska republika)
Retinol, >97,0% (HPLC) Calbiochem (Darmstadt, Némecko)
(+)-a-Tocopherol synthetic, >96% (HP LC) Calbiochem (Darmstadt, Némecko)
rac- Tocol 50 mg/ml Matreya (Pleasant Gap., USA)
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Chemikalie pouzité pfi piipravé vzorku

Ethanol absolute Merck (Darmstadt, Némecko)
Acetonitrile gradient grade Merck (Darmstadt, Némecko)
- 0, 1 .
n-Hexane 96 % multisolvent HPLC grade ACS Scharlau Chemie (Sentmenat, Spanglsko)
UV-VIS
2-Propanol gradient HPLC Scharlau Chemie (Sentmenat, Spanélsko)
- 0 i .
n-Hexane 96 % multisolvent HPLC grade ACS Scharlau Chemie (Sentmenat, Spanglsko)
UV-VIS
Methanol - gradient HPLC grade Scharlau Chemie (Sentmenat, Spanélsko)
Deionizovana voda Goro (Praha, Ceska republika)b

Zasobni roztoky cholekalciferolu a ergokalciferolu byly pfipraveny rozpusténim piesného
mnozstvi navazené¢ho standardu v odmérné baince methanolem o vysledné koncentraci 2
mmol/l. Zasobni roztok 1,25(0OH),;D3; a 25(0OH)D3 byly pfipraveny stejnym zpusobem o
koncentracich 4,80 pmol/l a 49,91 pmol/I.

Zasobni roztoky retinolu a a-tokoferolu byly ptipraveny o vysledné koncentraci 2 mmol/l. Pro
rozpousténi a-tokoferolu byl jako primarni rozpoustédlo pouzit n-hexan. Nasledna tfedéni
kalibra¢nich a pracovnich roztokti pozadovanych koncentraci byla provedena methanolem.
Roztok tokolu o deklarované koncentraci 50 mg/ml byl zfedén n-hexanem na zasobni roztok o

koncentraci 1 mmol/l. Tokol byl pouzit jako vnitini standard.

6.2.1.2 Vysledky

Vyvoj metody

Na vyvoji metody se podilela Sarka Hor¢ickova, podrobné je vyvoj extrakéni metody popsan
Vv jeji diplomové praci ,,Aplikace SPE a technologie monolitnich kolon v HPLC analyze
biologicky aktivnich latek* (2009). Byly testovany SPE kolonky s riznym sorbentem,

optimalizovana deproteinace séra, promyvaci a elu¢ni kroky postupu.
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Pro extrakci byly vybrany SPE kolonky - Speed C18/18 500 mg/3 ml. 250 ul séra bylo
smiseno s 1000 pl ethanolu, ktery obsahoval vnitini standard. Deproteinace séra probihala 10
minut v lednici (4 °C). Dale byla smé&s centrifugovana pii 4000xg 15 minut opét pii 4°C. Pied
aplikaci supernatantu oddélené¢ho centrifugaci od srazeniny byly SPE kolonky aktivovany.
Aktivace sorbentu byla provedena 1 ml methanolu a kondicionace 1 ml redestilované vody.
Na takto pripraveny sorbent byl aplikovan vzorek — cely objem supernatantu. Po navazani
extrahovanych analytii na sorbent byly vymyty nezadouci latky aplikaci 1 ml smési vody (pH
7,5) a methanolu (95/5, v/v). SPE kolonka byla pied eluci vysuSena proudem dusiku z divodu
snizeni mnozstvi vodnych roztokli v nasledné ziskaném eludtu. Stanovované vitaminy byly
eluovany 1,5 ml methanolu a nasledné 2 ml n-hexanu. Ziskany eluat byl vysusen pfti 45 °C ve

vakuové odparce (odpafovani trvalo cca 2 hodiny).

Metoda byla dale optimalizovana v ramci diplomové prace Bc. Lenky Napravnikové
,Porovnani extrakénich postupli ze séra pro HPLC stanoveni liposolubilnich vitamini*
(2011). Pro dosazeni lepsich vysledk vytéznosti extrakce vitamint byly testovany zmény
v podminkach deproteinace séra (mnozstvi vzorku, vliv teploty, rizna deproteinacni ¢inidla a
také Cas deproteinace), postupu eluce (davkovani vzorku a elucnich rozpoustédel na SPE

kolonku) a vliv centrifugace na Cistotu extraktu.

Vyznamné zlepsSeni G¢innosti eluce zménou elu¢niho ¢inidla (n-hexan/2-propanol v poméru
1/1, v/v) bylo prok4dzano na standardech vitamini. VytéZnost eluce byla pro 25(OH)D;
112 %, ergokalciferol 89 %, cholekalciferol 86 %, retinol 95 %. Pouze pro a-tokoferol byla
vytéznost nizsi nez v plivodné vypracovaném postupu 68 %. Dale byl optimalizovan postup
deproteinace. Zména deproteinaéniho ¢inidla (DC) a snizeni teploty pro lepsi uvolnéni
analytii z matrice sice zvySily vytéznost procesu, ale u¢innost nebyla dostatecnd, proto jsme
V optimalizaci postupu dale nepokracovali. ZkuSenosti ziskané v pribéhu optimalizace
deproteinacniho postupu byly dale vyuzity pro vyvoj extrakéniho postupu z kapaliny do
kapaliny (LLE), ktery by mél snizit ztraty vitaminl, které v tomto kroku zlstavaji
pravdépodobné v peletce sraZzeniny po deproteinaci séra. Zatimco deproteinované sérum je pii
LLE v kontaktu s extrakénim ¢inidlem (EC) béhem celého procesu a miize snadné&ji dojit k

pfechodu vitamini do EC.
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Popis validované extrak¢éni metody

250 pl séra bylo smiseno s 1000 ul ethanolu, deproteinace probihala 10 minut pii 4°C. Po
centrifugaci (4000x g, 15 minut, 4°C) byl supernatant aplikovandn na aktivovanou a
kondiciovanou SPE kolonku (1 ml methanolu, 1 ml redestilované vody). Sorbent byl promyt
I ml smési vody (pH 7,5) a methanolu (95/5, v/v). SPE kolonka byla pfed eluci vysuSena
proudem dusiku. Stanovované vitaminy byly eluovany 1,5 ml methanolu a nésledn¢ 2 ml n-

hexanu. Ziskany eluat byl vysusen pti 45 °C ve vakuové odparce pii 45 °C.

Validace

Extrahované vitaminy byly stanoveny HPLC metodou popsanou v kapitole 6.1.1. Odparek
ziskany po extrakci byl rozpustén v 50 ul methanolu, ptepipetovan do mikrotitra¢ni desticky a
bylo provedeno HPLC stanoveni vitaminii. Celkova doba preanalytické faze byla asi 140
minut. Zakoncentrovani vzorku pfed samotnym méfenim bylo nutné z divodu velmi nizké
koncentrace 25(0OH)Ds. V ptipadé stanoveni kontrolniho séra Level I (deklarované hodnoty
87,6+17,4 nmol/l), byly koncentrace tohoto vitaminu velmi blizko limitu kvantifikace (85

nmol/l) pouzité chromatografické metody.

Pravdivost (dfive spravnost) extrakéniho postupu byla ovéfena riznym zpisobem pro
jednotlivé analyty. Pro 25(OH)D3; bylo pouzito kontrolni séru na dvou koncentracnich
hladinach 25-OH-Vitamin D3/D2 Serum Controls Chromsystems (Mnichov, Némecko).
Deklarované hodnoty 25(OH)D3; byly pro Level I: 87,6+£17,4 nmol/l, pro Level 1I: 185 +37
nmol/l. Kazda hladina byla zpracovana 3%, vysledné hodnoty vytéznosti a bias jsou
vypocitany jako praméry obou métenych hladin. Pro vitaminy ergokalciferol a cholekalciferol
neexistovalo kontrolni sérum, proto byla pravdivost ovéfena spikovanim séra (sérum bylo
zpracovano 6X). Spravnost (vytéznost) extrakce vitamini A a E byla vztahovéna k LLE
pouzivané ve Vyzkumné laboratofi rutinné [152]. Také v tomto pokusu byla séra zpracovana

postupem SPE 6x.

Preciznost (diive pfesnost) extrakéniho postupu byla hodnocena jako % relativni smérodatné
odchylky opakovatelnosti. Extrakce byla provedena 10x. Vysledky pravdivosti a preciznosti
extrak¢niho postupu shrnuje Tabulka 15.
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% RSD vytéznost % bias

25(0H)Ds 7,79 69 -42 nmol/l
retinol 7,96 92 -0,1 umol/I
ergokalciferol 4,17 67 -1,75 pmol/l
cholekalciferol 4,11 67 -1,30 umol/l
a-tokoferol 6,93 73 -5,7 pmol/l

Tabulka 15: Pravdivost a preciznost SPE metody

Preciznost extrakéni metody spliiuje pozadavky FDA [150], vSechny hodnoty % RSD jsou
mensi nez maximalni povolena nepreciznost 15%. Vytéznost extrakce byla splnéna pouze pro

retinol, ostatni analyty byly extrahovany s vytéZnosti mensi nez 75 %.

6.2.2 Extrakce z kapaliny do kapaliny (LLE)

Tato metoda extrakce je sice mnohem star$i oproti SPE, ale protoze nevyzaduje témét Zadné
pristrojové vybaveni (pouze laboratorni tfepacku) a samotné oddéleni analyti a necistot
neprobihd na specialnich kolonkach, ale pouze na fazovém rozhrani dvou nemisitelnych

kapalin, byla LLE zkouSena jako dostupné;jsi alternativa pro zpracovani vzorkd.

Cilem tohoto pokusu bylo vyvinout a validovat extrakéni metodu, ktera by byla jednodussi a
casov€ méné ndrocna neZ diive vyvinuta SPE metoda. A vyuzit informaci ziskanych pfi
optimalizaci deproteinace séra pro SPE postup, které zlepSily uvolnéni stanovovanych analyta

Z vazeb na proteinové nosice, pro zlepseni vytéznosti extrakce.
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6.2.2.2 Standardy, chemikalie, pFiprava roztoki

Stanovované vitaminy (nazev)

Vyrobce

25-Hydroxyvitamin D, >98,0% (HPLC)
25-Hydroxycholecalciferol, >98% (HPLC)
Cholecalciferol, >98% (HPLC)
Ergocalciferol, >98,0%° (HPLC)
Retinol, >97,0% (HPLC)
(¥)-a-Tocopherol synthetic, >96% (HPLC)

Sigma-Aldrich (Praha, Ceska republika)
Sigma-Aldrich (Praha, Ceska republika)
Sigma-Aldrich (Praha, Ceska republika)
Sigma-Aldrich (Praha, Ceska republika)
Sigma-Aldrich (Praha, Ceska republika)
Sigma-Aldrich (Praha, Ceska republika)

rac-Tocol 50 mg/ml

Matreya (Pleasant Gap., USA)

Chemikalie pouzité pfi piipraveé vzorku

2-Propanol gradient HPLC
Acetonitril gradient grade
Deionizovana voda
Ethanol absolute
Kyselina chlorovodikova 35% p.a.
Methanol gradient HPLC grade

n-Hexan 96 % multisolvent HPLC grade
Titriplex Il (EDTA, kyselina
ethylendiamintetraoctova)

Scharlau Chemie (Sentmenat, Spanélsko)
Merck (Darmstadt, Némecko)
Goro (Praha, Ceska 1republika)b
Merck (Darmstadt, Némecko)
Penta (Praha, Ceské republika)
Scharlau Chemie (Sentmenat, Spanélsko)

Scharlau Chemie (Sentmenat, Spanélsko)

Merck (Darmstadt, Némecko)

Zasobni roztoky metaboliti vitaminu D (25(OH)D, a 25(OH)D3) byly pfipraveny

kvantitativnim rozpusténim 1 mg standardu v methanolu. Vysledné koncentrace roztokd byly

242,34 umol/l a 249,56 umol/l. Zasobni roztoky retinolu a DL-a-tokoferolu byly ptipraveny 0

vysledné koncentraci 2 mmol/l. Pro rozpousténi a-tokoferolu byl jako primarni rozpoustédlo

pouzit n-hexan. Nasledna fedéni kalibracnich a pracovnich roztokli poZadovanych koncentraci

byla provedena methanolem.
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Pracovni roztoky kyseliny askorbové (0,1 mol/l), kyseliny trichloroctové 0,01 mol/l a EDTA
2% byly pfipraveny rozpuSténim piesné navazeného mnozstvi substance v deionizované

vodé.

Pro validaci extrakéniho postupu bylo pouzito kontrolni sérum na dvou koncentracnich
hladinach 25-OH-Vitamin D3/D; Serum Controls Chromsystems (Mnichov, Némecko).

6.2.2.3 Vysledky

Vyvoj metody

Prvni ¢ast vyvoje této metody probihala v rdmci diplomové prace Bc. Lenky Napravnikové

,Porovnani extrakénich postupti ze séra pro HPLC stanoveni liposolubilnich vitamint‘

(2011). Zavérecna optimalizace metody probihala po odevzdéni této diplomové prace.

Na zakladé zkuSenosti z vyvoje SPE metody byl testovan vliv objemu deproteinac¢niho ¢inidla
a jeho slozeni. Opét bylo potvrzeno, Zze mensi objem zvySuje vytéznost extrakce (jako
optimalni se ukazal pomér DC/vzorek (1/1, v/v). Nejlepsich vytéznosti, obdobné jako u SPE
metody, bylo dosazeno pfi pouziti smési ethanolu a acetonitrilu 1/1 (v/v). Dale byl testovan
vliv okyseleni extrakéni smési. Pfidavek kyseliny trichloroctové (200 pl; 0,01 mol/l) po
deproteinaci vyznamné zvysil vytéznost extrakce na 87-95% pro 25(OH)Ds, cholekalciferol,
ergokalciferol 1 pro vnitini standard. Stanoveni retinolu a a-tokoferolu bylo ovlivnéno
necistotami piitomnymi v extraktu. V nékterych vzorcich se nachéazely nelistoty, které
ovliviiovaly také stanoveni 25(OH)Ds. Cistota extraktu nebyla ovlivnéna ani zménou
organickych rozpoustédel pouzitych jako extrakéni ¢inidlo. Jako nejvhodnéjsi se ukazala smés
n-hexanu a 2-propanolu (96/4, v/v). Vitaminy béhem téchto pokust byly stanovovany HPLC
metodou popsanou Vv kapitole 6.1.1. Pro dalsi pokusy byla vyvinuta nova HPLC metoda na

kolong¢ s pevnym jadrem a poréznim povrchem, popsana v kapitole 6.1.2.

Pro zlepSeni uvolnéni analyti z proteinovych nosic¢i byl testovan vliv EDTA. Sérum bylo
pied deproteinaci nafedéno roztokem EDTA. ZvySeni vytéznosti extrakce bylo zcela ziejmé

pro vSechny vitaminy.
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Popis extrak¢éni metody

Deproteinac¢ni a extrak¢ni ¢inidlo bylo pfipraveno smichanim odpovidajicich objemovych dila
rozpoustédel. Deproteina¢ni ¢inidlo (DC): ethanol/acetonitril (1/1). K takto piipravenému DC
byl pfidan vnitini standard (tokol) o vysledné koncentraci 5 umol/l. Extrakéni ¢inidlo bylo

piipraveno smichanim n-hexanu/2-propanolu v poméru (94/6).

500 pl séra bylo v Eppendorf zkumavce natedéno 2 % roztokem EDTA v poméru (1/1, v/v).
Nafedéné sérum bylo napipetovano do extrakéni zkumavky s500 ul DC. Smés byla
promichana (vortex 10 s) a deproteinace probihala 10 minut pii —28 °. Po deproteinaci bylo do
extrakéni zkumavky ptidano 200 pl kyseliny trichloroctové a 2 ml extrakéniho ¢inidla, smés
byla 5 minut vytfepavana. Poté byla smés centrifugovana (3220 x g, 10 minut, 4 °C).
Z odd¢lené organické faze bylo odebrano 1,5 ml do Eppendorf zkumavky, tento objem byl

odpaten ve vakuové odparce béhem 12 minut pii 45 °C.

Ziskany odparek byl rozpustén v 50 ul methanolu a piepipetovan do mikrotitracni desticky
pro HPLC stanoveni (analyty jsou ve vzorku zkoncentrovany 7,5x). Vitaminy byly v takto
zpracovanych vzorcich stanoveny chromatografickou metodou popsanou v kapitole 6.1.2.

Chromatograficky zaznam séra je zobrazen viz Chromatogram 3.

my
cicctor A Chl 2650m :
{Detector A Ch2 325n0m

~ A-tocopherol

25(OH)D3

25(OH)D2

Chromatogram 3: Zaznam séra zpracovaného extrakei z kapaliny do kapaliny (retinol ¢=1,37 pmol/l,
25(0OH)D3 ¢=240 nmol/l, 25(0OH)D, ¢=217 nmol/l, tokol (vnitini standard), a-tokoferol ¢c=15,54 pmol/l)
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Necistoty, které¢ ve vzorku ziistaly po extrakci, maji sice velkou odezvu v detektoru, protoze
jejich koncentrace byla 7,5x zvétSena zakoncentrovanim vzorku, ale jsou eluovany
V dostatecném case pifed stanovovanymi analyty. Zakoncentrovani vzorku umoznuje

stanoveni obou vitamert 25(OH)D.

Validace

Vytéznost extrakce byla pro jednotlivé analyty: 25(OH)D3 — 102 %, 25(OH)D, — 109 %,
retinol — 104 % a pro vnitini standard (tokol) 98 %. o-Tokoferol nelze v takto
zakoncentrovanych vzorcich stanovit. Jeho nedostateCna rozpustnost v methanolu
neumoznuje pievést vSechen a-tokoferol z odparku do 50 pl methanolu. ProtoZze vyvijena
metoda méla byt primdrné zaméfend na stanoveni vitaminu D, nebyl a-tokoferol dale

stanovovan.

Déle byla ovéfena opakovatelnost extrakce vzdy na dvou koncentranich hladinidch
stanovovaného analytu (n=6). Sérum, které neobsahovalo Zadny vitamin D, bylo obohaceno
standardy 25(OH)D3; a 25(0OH)D; a vyssi koncentraci retinolu nez bylo ve vzorku zjisténo.
Metoda byla validovana podle pozadavkti FDA [150]. Relativni smérodatna odchylka Sesti
méfeni nesmi byt vyssi nez 15%. Vysledky viz Tabulka 16. Tento pozadavek spliuji vSechny
stanovované analyty. Procenta RSD se na koncentrac¢nich hladindch 30 nmol/l u vitamind
25(0OH)D3; a 25(OH)D; blizi k pozadovanym 15%, divodem je nizkd koncentrace blizka

limitim kvantifikace metody.

Analyt Jednotky Koncentrace % RSD
25(0H)D; nmol/l 30 1
291 3
25(0H)D; amol/l 30 13
262 5
tokol plocha pod pikem 1236 9
retinol pmol/l 180 S
4,06 4

Tabulka 16: Opakovatelnost extrakce
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Aplikace metody

Tato extrakéni metoda byla pouzita pfi vySetieni hladin vitamini 25(OH)D3, 25(0OH)D, a
retinolu u ¢tyt dobrovolnikd: 1) Muz 28 let — stanoveni bylo provedeno v dob¢ 1é¢by unavové
zlomeniny v mésici ¢ervnu. 2) Zena 25 let - odbér v letnim obdobi. 3) Zena 28 let — odbér
Vv letnim obdobi. 4) Zena 56 let — odbér v zimnim obdobi. Vitaminy byly stanoveny
chromatografickou metodou na analytické kolon¢ s ¢asticemi s pevnym jadrem popsanou

v kapitole 6.1.2.

Dobrovolnikiim byla odebrana srazliva krev a separované sérum bylo zamrazeno v Eppendorf
zkumavkach —28 °C az do zpracovani. Stanoveni byla provedena u kazdého pacienta dvakrat.

Vysledky naméfenych hodnot jsou usporadany v Tabulka 17.

25(0OH)D3 25(0OH)D2 Retinol
Dobrovolnik (nmol/l) (nmol/l) (umol/1)
1 <LOQ <LOQ 2,01:0,01
2 51+16 <LOQ 1,64+0,73
3 <LOQ <LOQ 1,00:£0,02
4 <LOQ <LOQ 1,24+0,03

Tabulka 17: Koncentrace vitamini stanovovanych u dobrovolniki

Pouze dobrovolnik ¢. 2 byly v séru nalezeny stanovitelné koncentrace 25(OH)D3. U Zadného
z dobrovolnikd nebyl stanoven metabolit 25(OH)D,, metabolit vitameru ergokalciferolu byva
V séru stanoven pouze v piipadé¢ jeho suplementace. V potravé je bé€zn€ pfijimano pouze
minimalni mnozstvi ergokalciferolu, proto se jeho prvni metabolit v séru téméf nevyskytuje.
Koncentrace retinolu se pohybovaly mezi hodnotami 1,00-2,01 &mol/l coz odpovida

fyziologickym hodnotam.

Dobrovolnikovi ¢. 1 byla po ndmahové zlomeniné a prokdzané insuficienci vitaminu D
doporucena suplementace volné dostupnym pripravkem Osteocare (jedna tableta obsahuje 2,5
ug cholekalciferolu). Pfipravek byl podavan v pribéhu jednoho meésice 1 tableta/denné. Po

mesiénim uzivani ptipravku nebyl zaznamenan nértst koncentrace 25(OH)Ds.

Dobrovolnikovi €. 3 s prokazanou insuficienci vitaminu D byl podavan ptipravek Vigantol
(10 kapek obsahuje 167 pg cholekalciferolu). Bylo podédvano 10 kapek/denné v pribéhu 14
dni.
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Kontrolni odbéry krve byly planované od zac¢atku suplementace (den nula) vzdy s odstupem 2
dni. BohuZzel odbéry 12. a 15. den nebyly uskute¢nény, po ukonceni suplementace byl
proveden odbér 17. den. Koncentrace stanovovanych vitamintl je zaznamenana v grafu Graf

4.
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Graf 4: Koncentrace stanovovanych vitamini a v zavislosti na dnech suplementace Vigantolem

Planované odbéry krve jsou znazornény na ¢asové ose X.
Hodnoceni deficitnich stavl vitaminu D podle IOM:
deficit - do50 nmol/I

nedostatek — do 72,5 nmo/l == = =

Koncentrace 25(OH)D; nebyla 1é¢bou zménéna, hodnoty byly mensi nez limit kvantifikace.
Primérna koncentrace retinolu byla 1,01 umol/l s maximélni odchylkou 1,6% Sesty den
meéteni. Tato odchylka je vzhledem k moZzné chybé méfeni a biologické variabilité
zanedbatelnd. Koncentrace 25(OH)D3; vzrostla uz po 3 dnech suplementace z hodnot

definovanych jako deficit na hodnoty spadajici do kategorie nedostatecnost.
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6.3 Zavér

V prubéhu vyvoje vhodné chromatografické metody pro stanoveni vitamini A, E a D
V lidském séru byly testovany rizné druhy stacionarnich fazi pro zvyseni selektivity separace.
Byla vyvinuta metoda s pouzitim dvou sériové zapojenych monolitnich kolon Chromolith
Performance RP-18e, 100x4,6 mm a SpeedRod RP-18e, 50x4,6 mm. Extrémné rychla zména
slozeni i pritoku mobilni faze byla zajisténa skokovym gradientem. Timto postupem byla
maximaln¢ vyuzita velmi rychla ekvilibrace monolitnich kolon a celkova doba analyzy mohla
byt zkracena na pouhych 6,5 minuty pfi separaci Sesti analytt (1,25(OH),D3;, 25(0OH)Ds
retinolu, cholekalciferolu, ergokalciferol, a-tokoferolu) a wvnitiniho standardu. Separace
metabolitu 1,25(0OH),D3 byla sice dostate¢na, ale limity detekce a kvantifikace (133 a 267
nmol/l) pti 265 nm nebyly dostate¢né pro stanoveni redlnych koncentraci v séru pacientd.
Opakovatelnost plochy piki se pohybovala v rozmezich 1,33-1,87 % RSD. Opakovatelnost
reten¢nich Casii byla odli$nd pfi priitoku mobilni fize A a mobilni faze B. Analyty separované
v pritomnosti mobilni fdze A (pratok kolonou 3,0 ml/min) mély opakovatelnost retenc¢nich
Casu znatelné vyssi (1,31-1,32 % RSD) oproti analytim, které byly separovany v druhé ¢asti
chromatogramu (0,16-0,20 % RSD). Pfi mens$im prutoku kolonou pravdépodobné nebylo
dosazeno uplné ekvilibrace kolony, zatimco vyss§i pritok pifi zméné mobilni faze A na B
umoznil rychlej§i nasyceni stacionarni faze. Hlavnim negativem je velka spotieba
rozpoustédel pouzitych jako mobilni faze. Divodem jsou pouzité velké pritoky mobilni faze
analytickou kolonou. Z toho vyplyva samoziejmé vyssi cena jedné analyzy oproti metodam,
které pouzivaji staciondrni fdze optimalizované pro mensi pritoky. Také mnozstvi vzniklého
organického odpadu je vyssi. Presto vyhody monolitnich kolon byly v této metodé plné
vyuzity a ani extrémni zmény podminek nemély negativni vliv na kvalitu separace a

selektivitu.

Dale byly testovany kolony s ¢asticemi s pevnym jadrem jako vhodna alternativa pro zlepSeni
separace S pouzitim menSich pritoktt mobilni fdze. Pro finalni optimalizaci separace byla
zvolena kolona Ascentis Express RP-Amide 75x3,0 mm, kterd vykazovala dostate¢nou
separacni ucinnost pro stanoveni ve velmi kratkém case. Duraz byl kladen na separaci
vitamert kalcidiolu (25(OH)D; a 25(OH)Ds), které jsou pro klinické hodnoceni stavu
vitaminu D vhodnéj$i nez stanoveni kalcitriolu (1,25(OH)D). Také dostupnost vitameru D,
byla v dob¢é vyvoje této metody lepsi nez béhem vyvoje predchazejici separacni metody.
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Amidova skupina vlozend do 18 uhlikatého fetézce stacionarni faze zlepSila selektivitu
analytické kolony. Gradientovou eluci bylo dosazeno separace interferujiciho retinolu od
kalcidiolu béhem 5 minut. Separace byla optimalizovana pro stanoveni vitaminli po LLE (viz
kapitola 6.2.2.3). Necistoty, které jsou v extraktu po LLE 7,5x zakoncentrovany, byly
eluovany diive nez vitaminy a stanoveni nerusi. Zrychlenim pratoku zaroveil se zménou
mobilni faze na 100% acetonitril, bylo dosazeno eluce lipofilnéjsiho a-tokoferolu a tokolu,
ktery byl v metodé¢ pouzit jako vnitini standard. Celd separace vcetn¢ ekvilibrace kolony

trvala 8,5 minuty. Zaznam stanoveni vitamint v séru po LLE viz Chromatogram 3.

Vyvinuté postupy upravy vzorku (SPE a LLE) byly porovnany na ziklad¢ ptitomnosti
interferujicich latek a vytéznosti a preciznosti postupu. Vzorky zpracované SPE postupem
obsahovaly podle ocekavani méné interferujicich latek. Preciznost metody spliovala
pozadavky FDA [150], relativni smérodatna odchylka pro vSechny stanovované vitaminy byla
<8 %. Velkym nedostatkem byla mald vytéZznost postupu pro vitamin D (25(OH)D3; 69 %,
ergokalciferol a cholekalciferol 67 %) a a-tokoferol 73 %. Vitaminy pravdépodobné nejsou
dostate¢né uvolnény z bilkovin. Pfi centrifugaci deproteinovaného vzorku se vytvari peletka,
ve které pravdépodobné zustavaji analyty, pouze supernatant je nandSen na SPE kolonku.
Zatimco deproteinované sérum je pfi LLE v kontaktu s extrakénim ¢inidlem (EC) b&hem
celého procesu a miize snadnéji dojit k prechodu vitaminti do EC. Uvolnéni analyti ze vzorku
usnadnéni jejich pfechodu do EC bylo podpofeno nafedénim vzorku roztokem EDTA a
ptidavkem kyseliny trichloroctové. Vytéznost extrakce se pro jednotlivé analyty pohybovala
v rozmezi 98-109 %. Necistoty, které¢ ve vzorku ziistaly po extrakci, mély sice velkou odezvu
v detektoru, protoze jejich koncentrace byla 7,5x zvétSena zakoncentrovanim vzorku, ale byly
od stanovovanych analytii separovany gradientovou eluci viz kapitola 6.1.2. Zakoncentrovani
vzorku umoznuje stanoveni obou vitamerd 25(OH)D. a-Tokoferol naopak nelze v takto
zakoncentrovanych vzorcich stanovit. Jeho nedostateCnd rozpustnost neumoziuje prevést
vSechen a-tokoferol z odparku do 50 pl methanolu. Protoze vyvijena metoda méla byt
primarné¢ zaméfena na stanoveni vitaminu D, nebyl a-tokoferol déale stanovovan.

Opakovatelnost této extrakéni metody spliuje pozadavky FDA [150].

Optimalizovany postup pfipravy vzorku (LLE — viz kapitola 6.2.2.3) a chromatografické
stanoveni analytii gradientovou eluci s UV detekci (viz kapitola 6.1.2) byly aplikovany na

vzorky 4 dobrovolnikii. Pouze v jednom ptipad¢ byla koncentrace 25(OH)D3 vétsi nez limit
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kvantifikace. Vitamer 25(OH)D, nebyl stanoven v zadném vzorku. Po suplementaci
Vigantolem (167 pg cholekalciferolu denn€) pacienta s prokazanou insuficienci vitaminu D
byly 3. den stanoveny koncentrace 25(OH)D3; hodnocené jako nedostatek a 9. den uz byly

stanoven¢ hodnoty hodnocené jako normalni (dostatecné).
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/7 Experimentalni c¢ast Il — Stanoveni retinolu a

a-tokoferolu v materském mléce

Kvantifikaci retinolu a a-tokoferolu v matefském mléce mize byt posouzen piijem téchto
vitaminl ditétem. Stanovované vitaminy jsou pro vyvoj novorozencl a obzvlast¢ predcasné
narozenych déti zcela zasadni a v pfipadé pIlného kojeni je materské mléko jejich jedinym
zdrojem. Cilem této prace bylo vyvinout vhodny postup Gpravy vzorku a extrakéni metodu a

cely postup piipravy vzorku pted chromatografickym stanovenim validovat.

7.1 Pouzité chemikalie a priprava roztoku

Stanovované vitaminy (nazev) Vyrobce
Retinol, 97,0% (HPLC) Sigma-Aldrich (_Praha, Ceska
republika)
. Sigma-Aldrich (Praha, Ceska
-0~ 0, !
(+)-a-Tocopherol synthetic, >96 % (HPLC) republika)

chemikalie pouZité pii ptipraveé vzorku

Titriplex I (E.DTA’ kysel!na Merck (Darmstadt, Némecko)
ethylendiamintetraoctova)

Hydroxid draselny — peletky, pure Ph. Eur., NF AppliChem GmbH (Darmstadt,

Némecko)
. N Sigma-Aldrich (Praha, Ceska
Kyselina L-askorbova purris p.a. republika)
Kyselina chlorovodikova 35 % p.a Penta (Praha, Ceska republika)
Ethanol absolute Merck (Darmstadt, Némecko)
Methanol — gradient HPLC grade Scharlau g:herrlle (Sentmenat,
Spanélsko)
Acetonitril — gradient grade Merck (Darmstadt, Némecko)
n-hexan 96 % — multisolvent HPLC grade Scharlau 9hen]'e (Sentmenat,
Spanélsko)
Deionizovana voda Ultrapure water system, Goro (Praha,
Ceska republika)®

# deionizovana voda byla ptipravovana piimo v laboratofi metodou reverzni osmézy a filtrace

81



Zasobni roztok retinolu byl pfipraven rozpusténim presného mnozstvi navazeného standardu
v odmérné banice methanolem o vysledné koncentraci 2 mmol/l. Tento roztok byl dale fedén
methanolem na kalibra¢ni a pracovni roztoky potfebnych koncentraci. Zasobni roztok a-
tokoferolu byl pfipraven stejnym zplsobem, pouze jako rozpoustédlo byl pouzit n-hexan.

Nasledna fedéni kalibra¢nich a pracovnich roztoka byla provedena methanolem.

Pracovni roztoky KOH 5, 10, 15 mol/l, kyseliny askorbové (0,1 mol/l) byly pfipraveny
rozpusténim presné navazeného mnozstvi substance v deionizované vodé. HCl1 1 mol/l byla
pfipravena fedénim koncentrované 35% kyseliny deionizovanou vodou. pH vodnych
pracovnich roztokl bylo adjustovano ptfidanim 1 mol/l HCl, zména pH v pribéhu adjustace

byla sledovana pH metrem.

7.2 Chromatograficka metoda

Separace analytii probihala na HPLC sestavé Prominence (specifikace systému viz Tabulka
7:) s monolitni kolonou Chromolith Performance RP-18e, 100mmx4,6mm. Nastiik byl 20 ul
methanolového roztoku odparku po LLE. Mobilni fazi byl 100 % methanol o pratoku 2,5
ml/min. Stanovované vitaminy byly detekovany pifi 325 nm (retinol) a 295 nm (a-tokoferol).
Limity detekce a kvantifikace byly 0,13 a 0,27 pmol/l pro retinol a 0,09 a 0,19 umol/l pro o-

tokoferol.

Tato metoda jiz byla optimalizovdna Vyzkumnou laboratofi Kliniky gerontologické a
metabolické ve Fakultni nemocnici v Hradci Kralové pro stanoveni vitaminti A a E v lidském

séru [153]. Vhodnost metody pro stanoveni vitamini v matetském mléce byla ovétena.
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7.4 Vyvoj postupu pro pripravu vzorku

Vychozi postup, ktery byl nasledné optimalizovan, vychdzel z informaci ziskanych
z literatury [133-136]. Doporuc¢ované postupy byly hodnoceny s cilem vyvinout jednoduchou
a Casov¢ nenaro¢nou pripravu vzorku s ohledem na mnozstvi vzorktl, pro jejichz piipravu

méla byt vyvinuta a validovana metoda pouzita.

V této fazi byl zvazovan objem vzorku, ktery bude mozné pouzit, aniz by byla omezena
vyziva novorozence. 1 ml homogenizovaného matefského mléka byl zvolen jako dostatecny
objem pro analyzu. Vzorek by mél byt odebran z 5-20 ml odstifikaného matetského mléka za

stalého michani pfti teploté 37 °C.

7.4.1 Optimalizace deproteinace

Vytéznost procesu extrakce zavisi mimo jiné na uvolnéni analytli z proteinovych nosicu a
lipidovych struktur vzorku. Pouze uvolnéné analyty mohou byt za vhodnych podminek

extrahovany.

Byl testovan vliv poméru deproteinacniho ¢inidla a vzorku v reakéni smési. Deproteinace
probihala lépe v ptipadé piidani vzorku do deproteina¢niho &inidla (DC). Na zékladé

piedbéznych testl byl zvolen pomér 4/1 (v/v) pii objemu vzorku 0,5 ml.

Pro optimalni efekt uvolnéni analytii z proteinovych nosi¢t byly jako DC testovany riizné
chemikalie. Deproteinaéni efekt — uvolnéni analytl z proteinovych nosi¢ — byl hodnocen na

zaklad¢ stanovenych koncentraci vitamint po extrakci.

7.4.1.1 Pracovni postup

500 pl homogenizovaného matefského mléka bylo deproteinovano v poméru 1:4 (v/v).
Vzorek byl pipetovan do DC a smés diikladné promichana. Deproteinace probihala 10 minut

za laboratorni teploty. Jako DC byl testovan ethanol, methanol a acetonitril.

Do extrak¢éni smési byl ptidan 1 ml kyseliny askorbové (0,1 mol/l), 1 ml KOH (10 mol/l).

Saponifikace probihala 30 minut pfi teploté 80 °C. Extrakce byla provedena 2 ml n-hexanu. n-
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Hexan byl po extrakci odebran a odpafen a odparek poté rozpustén v 500 pul methanolu.

Vitaminy byly stanoveny chromatografickou metodou popsanou v kapitole 7.2.

7.4.1.2 Vysledky pokusu

Stanovené koncentrace vitamint (n=3) pfi pouziti tfech riznych deproteinacnich viz Tabulka
18. Stanovené koncentrace po deproteinaci acetonitrilem byly pro oba vitaminy vyznamné
niz§i, proto bylo toto DC vyhodnoceno jako nevhodné. Koncentrace a-tokoferolu pii
deproteinaci alkoholickymi DC se vyznamné neligila. Naopak naméfené koncentrace retinolu

byly vyznamné vyssi pii pouziti ethanolu, ktery byl proto zvolen jako vhodné deproteinacni

¢inidlo.
D& Retinol a-Tokoferol
c£SD (umol/l) c£SD (umol/l)
Acetonitril 0,87+0,17 12,46+0,45
Methanol 1,77+0,13 22,67+1,03
Ethanol 2,334+0,12 21.45+0,42

Tabulka 18: Vybér deproteinac¢niho ¢inidla

7.4.2 Optimalizace saponifikacniho procesu

Pro odstranéni lipidi ze vzorku byl zvolen hydroxid draselny. Pro optimalizaci
saponifikacniho procesu byly testovany riizné podminky: koncentrace KOH (5, 10 a 15mol/l),
objem KOH (1, 1,5 a 2 ml), délka saponifikace a vliv kyseliny askorbové na oxidaci

stanovovanych vitamint.

Pokud byla kyselina askorbové pfitomna v saponifika¢ni smési, byly naméfené koncentrace
stanovovanych vitamint vyssi. Kyselina byla do smési pfidana pied hydroxidem, ptidavek

kyseliny po hydroxidu pfipadné po saponifikaci nezvysila métené koncentrace vitamind.

Optimalni podminky saponifikace byly zvoleny na zdkladé porovnani opakovatelnosti

procesu (% RSD).
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7.4.2.1 Pracovni postup

500 pl homogenizovaného matetského mlé¢ka bylo deproteinovano 2 ml ethanolu. Vzorek byl
pipetovan do DC a smés byla dikladné promichana. Po 10 minutach byl ke smési ptidan 1 ml

kyseliny askorbové 0,1 mol/l.

Koncentrace KOH optimalni pro odstranéni vSech tukii ze vzorku byla testovana pfi

koncentracich 5, 10 a 15 mol/l . Pro tento pokus byl zvolen objem hydroxidu 1 ml.

Pro ovéteni dostateného objemu hydroxidu pro saponifikaci, byl k deproteinované smési
pfidan postupné zvysujici se objem 10 mol/l KOH. Byly pouzity objemy 1, 1,5 a 2 ml KOH.

Bylo zjisténo, ze objem 1 ml je dostatecny.

Daéle byla testovana délka saponifikace 30, 40 a 50 minut a porovnan zptsob ohievu vzorku.
Pro udrzeni teploty 80 °C po celou dobu saponifikace byl otestovan termoblok s otvory pro
zkumavky, vodni lazen a termostat. Tyto podminky byly testovany pfi saponifikaci 1 ml KOH
10 mol/l. Po saponifikaci byly vitaminy ze smési extrahovany 2 ml hexanu, a stanoveny

chromatografickou metodou viz. 7.2.

7.4.2.2 Vysledky pokusu

Optimalni koncentrace hydroxidu byla vybrana na zakladé opakovatelnosti vyjadiené jako

% RSD pro 6 méfenych vzorku (vysledky viz Tabulka 19).

Relativni smérodatné odchylky vypocitané pro koncentrace retinolu byly vyss§i pii pouziti
hydroxidu o koncentracich 5 a 15 mol/l oproti hodnotdm ziskanym pro koncentraci 10 mol/l.
Naopak naméfené hodnoty a-tokoferolu vykazovaly nejvySsi % RSD pii koncentraci
10 mol/l, pifesto byly pifi vSech hodnotach hydroxidu % RSD niz8i nebo stejné jako pro
retinol. Jako optimalni byla zvolena koncentrace hydroxidu 10 mol/l na zakladé¢ hodnot
% RSD pfi koncentracich retinolu 0,50-0,58 umol/l, RSD 7,94 % a a-tokoferolu 6,11—
7,16 umol/l, RSD 7,93 %.
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KOH (mol/l) 5 10 15

Retinol ¢ (umol/1) 0,40 0,54 0,41
% RSD 10,48 7.94 18,06

i ¢ (umol/1) 7,34 6,64 6,95
o-Tokoferol % RSD 1.42 7.93 4,81

Tabulka 19: Vybér optimalni koncentrace KOH

Protoze po pfidani vétSich objemi hydroxidu (1,5 a 2 ml) nebyly naméfené koncentrace

stanovovanych vitaminl vyssi, byl objem 1 ml zvolen jako dostate¢ny.

Pfi porovnavani moznosti zptisobu ohfevu zkumavky se vzorkem v prabéhu saponifikace byly
ziskany nejlepsi vysledky v termostatu, ktery udrzoval konstantni teplotu v celém prostoru,

kde byly vzorky umistény a kde byly zaroveinl chranény pted svétlem.

ProdluZovani saponifikace na 40 a 50 minut nemélo za nésledek statisticky vyznamné zmény
Vv koncentracich stanovovanych vitamind, proto byl zvolen nejkratsi testovany ¢as (30 minut),

ktery odpovida podminkam pro saponifikaci doporu¢ovanym AOAC [135, 136].
7.4.3 Optimalizace LLE

7.4.3.1 Pracovni postup

Po ochlazeni saponifikované smési (1 ml KOH, 10 mol/l) na laboratorni teplotu byly vitaminy
extrahovany do 2 ml n-hexanu v pribé¢hu 5 minut intenzivniho vytfepavani. Organicka a
vodna vrstva byly oddéleny centrifugaci (10 minut, 3220x g, 4 °C). 1,5 ml organické vrstvy
bylo odebrano a odpateno. Odparek byl rozpustén v 375 pl methanolu.

Pro zvySeni vytéznosti extrakce byl testovan €as potiebny k piechodu vitaminli mezi vodnou a
organickou fazi. Cas tfepani extrakéni zkumavky byl zvysen na 10 a 15 minut. Dale byl
testovan pfidavek 1 ml vody k extrakénimu c¢inidlu a nasledné také vliv pH ptidané vody. pH

vody bylo v tomto pokuse upraveno ptidavkem HCI 0,1 mol/l a KOH 0,1 mol/I.
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7.4.3.2 Vysledky pokusu

Prodlouzeni extrak¢niho Casu nemélo za nésledek statisticky vyznamné zvySeni méfenych
koncentraci vitamind, proto byl jako dostateCny Cas zvolen 5 minut, aby celkova doba

ptipravy vzorku byla co nejkratsi.

Vytéznost extrakce byla zvySena ptfidanim 1 ml vody K extrakénimu ¢inidlu, koncentrace
retinolu vzrostla oproti extrakci bez piidavku vody o 48 %, koncentrace a-tokoferolu o 43 %.
Opakovatelnost extrakce se pfidavkem vody vyznamné zlepSila. Opakovatelnost vyjadiena
jako % RSD tii méfeni byla statisticky vyznamné nizs§i po piidavku 1 ml vody do extrakéni

smési, pokles u hodnot retinolu byl z 15 % na 7 % a u a-tokoferolu z 5 % na 1 % RSD.

Pti testovani vlivu pH vody pfidané k extrakénimu ¢inidlu, byly namétené hodnoty pro pH

jiné nez 5,2 u retinolu téméf o 20 % a u a-tokoferolu 0 10 % nizsi.

7.5 Optimalizovany postup pripravy vzorku:

500 pl homogenizovaného matetského mléka bylo napipetovano do 2 ml ethanolu, smés byla
diikladné promichéna a deproteinace probihala 10 minut za laboratorni teploty. Do smési byl
ptidan 1 ml kyseliny askorbové (0,1 mol/l) a 1 ml KOH (10 mol/l), saponifikace probihala 30
minut pii teploté¢ 80 °C v termostatu. Po ochlazeni vzorku na laboratorni teplotu byl do
zkumavky pfidan 1 ml deionizované vody o pH 5,2 a extrakce byla provedena 2 ml n-hexanu
pfi 5 minutovém tifepani. Poté byla zkumavka se vzorkem centrifugovana (10 minut, 3 220x g,
4°C). 1,5 ml organické vrstvy bylo odebrano a odpafeno. Odparek byl rozpustén v 375 ul

methanolu. Vitaminy byly stanoveny chromatografickou metodou popsanou v kapitole 7.2.

7.5.1 Validace extrakéniho postupu

Vsechny vysledky validace shrnuje Tabulka 20. Validace extrakéniho postupu byla provedena
podle doporuceni FDA [150]. Vytéznost extrakce by méla byt v rozmezi od 75 % do 125 %,

preciznost metody vyjadiena % relativni standardni odchylky by neméla pfesahnout 15 %.
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7.5.1.1 Pravdivost

Pravdivost (diive spravnost) byla ovéfena vypoctem vytéznosti extrakéniho postupu. Bylo
analyzovano matefské mléko obohacené o stanovované vitaminy. Pfidavek vitamind do
vzorku byl proveden pomoci deproteinac¢niho ¢inidla. Vzorky byly obohaceny retinolem na
koncentra¢nich hladinach 1, 2,5, a 5 umol/l a a-tokoferolem na koncentra¢nich hladinach 2,5,

5, a 10 umol/l. Kazda hladina byla pfipravena 6x.

Vytéznosti validované metody pro vSechny hladiny obou vitaminti jsou v rozmezi 82—110 %,

coz splnuje pozadavky FDA. Metoda je vhodna pro analyzu lidského matetského mléka.

7.5.1.2 Preciznost

Preciznost (diive pfesnost) béhem kratkého casového Useku oznacend jako opakovatelnost
byla ovéfena stanovenim 6 vzorkt matefského mléka. Primérmé koncentrace retinolu byly

1,24+0,04 umol/l s RSD 3 %, koncentrace a-tokoferolu byly 7,7+0,4 umol/l a RSD 5 %.

Mezilehla preciznost vyjadiuje pfesnost metody v delSich Casovych intervalech. V pribchu
jednoho dne byla stanovena jako % RSD z 6 vzorka extrahovanych s minimalnim odstupem
0,5 hodiny. Mezidenni preciznost byla méfena v pribéhu 4 dni. 25 ml pasterizovaného a
zmrazen¢ho lidského matefského mléka bylo ve vodni 1dzni ohidto na 37 °C, cely objem
mléka byl nepfetrzit¢ michan a rozdélen do 1,5 ml Eppendorf zkumavek na 24 homogennich
alikvotli. Prvni den byly vzorky zméfeny bez zmraZeni ziskanych alikvotl, ostatni vzorky
byly v pribéhu testovani uchovavany pii —28 °C. Kazdy den bylo zméteno 6 extrahovanych
vzorkll. Relativni smérodatnd odchylka a primérna koncentrace byly vzdy pocitany ze vSech

do aktudlniho dne zméfenych vzorkl (prvni den n=6, druhy den n=12, ...).

Preciznost metody pro oba vitaminy je podle pozadavki FDA [150] dostate¢na. Pro o-
tokoferol jsou hodnoty RSD i béhem ¢tyfdenniho méteni stabilni v rozsahu 68 % RSD. Na
rozdil od hodnot ziskanych pro retinol, koncentrace vitaminu E vyznamné klesa a tim se

zvySuje relativni smérodatna odchylka.

Preciznost métfeni mezi osobami byla ovéfena stanovenim vitamint v 15 alikvotech, které

extrahovali dva pracovnici v prib¢hu jednoho dne. Preciznost byla vyjadiena jako celkova
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relativni smérodatnd odchylka vSech tficeti méteni. Také tato preciznost splituje pozadavky

FDA [150]. Hodnoty RSD retinolu byly 10 % a a-tokoferolu 7 %.

7.5.2 Aplikace metody

Pro testovani hladin vitaminii (retinolu a a-tokoferolu) v matetském mléce v prubehu laktace
bylo vybrano 27 Zen ve véku 25-33 roki. Zeny byly pozadany o dodani &tyf vzorki
mateiského mléka v mnozstvi cca 25 ml, kazdy vzorek mél byt z jiného lakta¢niho obdobi (1—
2, 34, 5-6 a 9-12 mésic po porodu). Statisticky byly hodnoceny pouze vzorky, které byly
dodany od jedné zeny ve vSech zvolenych obdobich laktace. Ke statistickému hodnoceni byl
pouzit software NCSS (Kaysville, USA), konkrétné byl pouZzit neparametricky parovy t-test
(Wilcoxon).

Vzorky matefského mléka byly skladovany pti —86 °C v injek¢nich stiikackach o objemu cca
25 ml. Maximalni doba skladovani byla 2 roky. Pfed extrakci vitamini byly vzorky
ponechany pii laboratorni teploté az do uplného rozmrazeni. Néasledn¢ byly za konstantniho
michani ve vodni lazni pfi 37 °C homogenizovany a rozdéleny do 3 reprezentativnich
analytickych vzorkli pro pozadovana stanoveni. Pfed samotnym zpracovdnim byly tyto
vzorky uchovéavany pti —28 °C maximalné 5 dni. Po extrakci byly vzorky stanoveny HPLC
metodou. Zaznam stanoveni retinolu a a-tokoferolu v matefském mléce Ctyfi mésice po

porodu je zobrazen na chromatogramu Chromatogram 4.
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Retinol a-Tokoferol
VytéZznost ¢ (umol/I) 1,0 2,5 5,0 2,5 5,0 10,0
% 86 82 90 109 95 92
% RSD 10 4 7 0.5 2 2
Opakovatelnost ~ c+SD” (umol/l) 1,24+0,04 7,7+0,4
% RSD 3 5
Miazrlg)ceirzsr?c?silm c+SD" (umol/l) 0,800.08 6.3+0.4
% RSD 10 7
mezilehld preciznost
(dny 1-4) den 1 20 3" 4 1’ 29 3" 4
c+SD (umol/l) |0,78+0,04 0,77+0,07 0,61+0,05 0,61£0,03 | 6,0£0,4  50+03  52+0,3  5,4+0,5
cd ¢ (umol/l) 0,01 0,17 0,18 0,6 0,7 0,5
D ¢ (%) 1,07 21,96 22,60 9,5 11,8 9,0
% RSD 5 7 14 14 6 8 8 8

Tabulka 20: Validace LLE metody pro stanoveni retinolu a a-tokoferolu v matei'ském mléce

& koncentrace vitamin{i pouZité pro obohaceni vzork(i mléka (n = 6)

b prumérna koncentrace vitaminti + smérodatna odchylka (n = 6)

¢ primérna koncentrace vitamini =+ smérodatna odchylka (n = 30)

% pokles koncentrace (umol/l) vztazena k hodnoté namé&fené prvni den
¢ procentualni pokles koncentrace

primérna koncentrace a smérodatna odchylka pocitana ze 6 vzork
primérna koncentrace a smérodatna odchylka pocitana z 12 vzorkt
" primérna koncentrace a smérodatna odchylka pocitana z 18 vzorkd
pramérna koncentrace a smeérodatnd odchylka pocitana z 24 vzorka

o Q
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Chromatogram 4: Chromatogram stanovovanych vitamind v mateiském mléce 4 mésice po porodu

retinol (tg = 0,83 min, ¢ = 1,17 pmol/l)
a-tokoferol (tg= 1,52 min, ¢ = 21,22 pmol/1)
2% odezvy nedistot ve vzorku

Pfi statistickém hodnoceni byly porovnavany hladiny stanovovanych vitamint V riiznych
obdobich laktace. Statisticky bylo zpracovano celkem 48 vzork rozdélenych do ctyf
lakta¢nich obdobi (1-2, 3-4, 5-6 a 9—12 mésice od porodu), v kazdém obdobi bylo porovnano
12 vysledkd zmétenych vitamint. Na rozdil od koncentraci a-tokoferolu hodnoty retinolu
Vv pribéhu laktace statisticky vyznamné klesaji na hladin€ vyznamnosti 5% mezi obdobimi 1—
2 /56 al1-2/ 912 mésict od porodu. Koncentrace vitamini a hodnoty statistickych

vyznamnosti porovnavanych obdobi shrnuje Tabulka 21.
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Mésice od

porodu 1-2 3-4 5-6 9-12
Retinol c£SD*  1,55+1,04 1,11+0,87 0,77+0,36 0,60+0,36
(umol/l)

b 0,432591 0,037633 0,010787
t-test parovy (p )

a-Tokoferol 9,19+£3,26 8,72+3,89 §,41+£3,54 9,25+3,05
c£SD (umol/1)?

t-test parovy (p %) 0,724082 0,666137 0,504903

Tabulka 21: Zmény koncentrace retinolu a a-tokoferolu v zavislosti na mésici laktace

& koncentrace méfenych vitamin{ + smérodatna odchylka (n = 12)
" statistické hodnoceni
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1.1 Zavér

Piiprava vzorku pro stanoveni retinolu a o-tokoferolu v matefském mléce zahrnovala
deproteinaci, saponifikaci a extrakci. Optimalizovany postup byl validovan podle pozadavki
FDA [150]. Kompletni piiprava 10 vzorku pied chromatografickym stanovenim trva asi 90

minut, vyZaduje pouze minimalni laboratorni vybaveni.

Validovana metoda byla pouzita k extrakci vitamini ze vzorki matetského mléka uréenych
Kk testovani hladin vitamint v pribéhu laktace. Ze zavéru statistického hodnoceni vyplyva, ze
koncentrace retinolu v prabéhu laktace statisticky vyznamné klesa na hladin¢ vyznamnosti
5% mezi obdobimi 1-2 / 5-6 a 1-2 / 9-12 m¢sict od porodu.

Extrakéni metoda je vhodnd pro testovani matetského mléka v mlééné bance, kterd dodava
mléko pro novorozence, ktefi nemohou byt kojeni. Stanoveni vitaminli umozni podavat mléko
s optimalnimi koncentracemi retinolu a a-tokoferolu podle pozadavkii konkrétniho

novorozence, ptipadné vyzivu doplnit vhodnou suplementaci.

Validace metody pfipravy vzorku a vysledky statistického hodnoceni koncentraci retinolu a a-

tokoferolu v pribéhu laktace byly publikovany v roce 2012 v ¢asopise Talanta [154].
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8 Seznam pouzitych zkratek

AOAC

CLIA

CMIA

CPBA
CRM

DBP

ECLIA

EHK
EQA

GC

HPLC

IFCC
LC

LDL
LLE
log P

NIST

Association of  Analytical Communities International viz  web
http://www.aoac.org/about/aoac.htm

chemiluminescence immunoassay (chemiluminiscen¢ni imunoanalyza)

chemiluminescent  microparticle =~ immunoassay  (chemiluminiscenéni
imunoanalyza na mikrocasticich)

competitive protein binding assay (metoda kompetitivni vazby na protein)
certifikovany referen¢ni material
vitamin D-binding protein (protein vazajici vitamin D)

electrochemiluminescence immunoassay (elektrochemiluminiscenéni
imunoanalyza)

externi hodnoceni kvality
External Quality Assessment (Externi hodnoceni kvality)
gas chromatography (plynova chromatografie)

high performance liquid chromatography (vysokou¢inna kapalinova
chromatografie)

International Federation of Clinical Chemistry and Laboratory Medicine
liquid chromatography (kapalinova chromatografie)

low density lipoprotein (lipoprotein o nizké hustote)

liquid-liquid extraction (extrakce z kapaliny do kapaliny)

rozdélovaci koeficient

National Institute of Standards and Technology
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PTH

RA

RAR

RBP

RCF

RLU

RXR

SFC

SFE

SPE

UHPLC

VLDL

parathormon

retinoic acid (kyselina retinova)

retinoic aid receptor (receptor pro retinovou kyselinu)

retinol-binding protein (protein vazajici retinol )

relative centrifugation force (relativni centrifugacni sila)

relative light units (relativni svételné jednotky)

retinoid ,,x* receptor (retinovy receptor)

supercritical-fluid chromatography (superkriticka fluidni chromatografie)
supercritical fluid extraction (superkritickd fluidni extrakce)

solid phase extraction (extrakce na pevnou fazi)

ultra high performance liquid chromatogramy (ultra ucinna kapalinova
chromatografie)

very low density lipoprotein (lipoprotein o velmi nizké hustoté)
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11Prehled publikac¢ni ¢innosti

Uvedené publikace jsou sefazeny sestupné podle data vydani. Uvedena je citovanost podle
Web of Science z1. 7. 2013 a IF casopisu. Seznam publikaci je rozdélen na ,,Publikace
s podilem na analytické ¢asti“ a ,,Ostatni publikace™. Rozdéleni bylo provedeno na zaklade

vysledki a zavéra, které se vztahuji k predkladané disertacni praci.
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International Journal for Vitamin and Nutrition Research, 82, 2, 77-84, 2012 (Citovano-0,
IF201-1,271)

3. Intima-media thickness, myocardial perfusion and laboratory risk factors of
atherosclerosis in patients with breast cancer treated with anthracycline-based
chemotherapy

H. Kalabova, B. Melichar, L. Ungermann, J. Dolezal, L. Krcmova, M. Kasparova, J. Plisek,
R. Hyspler, M. Pecka and D. Solichova

Medical Oncology, 28, 4, 1281-1287, 2011 (Citovano—3, IF2011—2,140)
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the Risk Factors of Atherosclerosis in Patients with Breast Carcinoma
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6. Urinary Neopterin in Patients with Metastatic Colon Cancer Treated with Patupilone
B. Melichar, H. Kalabova, L. Krcmova, M. Kasparova, J. Plisek, J. Cerman, P. Holeckova and
D. Solichova
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11.3 Piehled odbornych sdéleni

Uvedena jsou pouze odbornd sdéleni s aktivni ucCasti na prezentaci a s hlavnim autorstvim.

Uspotéadany jsou sestupné podle data prezentace.

1. Advantageous Combination of Ultra Fast Liquid Chromatography and New Column
Technologies for Clinical Testing of Liposoluble Vitamins

Kasparova M., Plisek J., Kucerova B., Krcmova L., Matysova L., Havlikova L., Solichova D.,
The Nordic Separation Science Society 6th Conference (NoSSS 2011), Riga, Latvia, 24. —
27. 8. 2011 (poster)

2. Using of separation method for clinical research
Kasparova M., Plisek J., Solich P., Solichova D.
1. Postgradualni védecka konference Farmaceutické fakulty Univerzity Karlovy, Hradec

Kralové, Ceska republika, 1. - 2. 2. 2011 (prezentace)

3. Rapid Vitamin A and E sample preparation and liquid chromatography
guantification procedure for human breast milk investigation

Marketa Kasparova, Jiri Plisek, Lenka Krcmova, Miroslav Hronek, Zdenek Zadak, Dagmar
Solichova

28th International Symposium on Chromatography 2010, Valencia, Spain, 12.9. — 16.9.2010
(poster)
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4. Combination of solid phase extraction, monolithic technology and miniaturisation
advantages for fast determination of serum vitamins D2, D3, 25(OH)D3, retinol and a-
tocopherol.

Markéta Kasparova, Lenka Krémova, Jifi Plisek, Dagmar Solichova, Alena VIckova, Petr
Zd’énsk}'l, Petr Solich, Lubo$ Sobotka

The 6th International Conference on Instrumental Methods of Analysis - Athens, Greece,

4.10.-8.10.2009 (poster)

5. Sequential injection procedure for determination of organic mercury compounds by
using gene modified bacteria.

Kasparova M., Ek P., Virta M., Solich P., lvaska A.

Flow Analysis XI.; Pollensa, Spain, 14. - 18. 9. 2009 (poster)

6. Advantageous coupling of sequential injection analysis and bacterial sensor in
mercury determination procedure.

Kasparova M., Ek P., Virta M., Solich P., Ivaska A.

Abo Akademi Process Chemistry Centre Annual Meeting 2009; Turku, Finland, 20. 8. 2009

(poster, tstni prezentace — ,,Oral poster introduction®)

7. Development of new HPLC method for determination of vitamin D for clinical
research.

Kasparova M., Krémova L., Solichova D., VI¢kova A., Urbéanek L., Zd’énsk}'l P., Solich P.

6th Aegean analytical chemistry days; Denizli, Turkey, 9. - 12. 10. 2008 (poster)

8. The new HPLC method using monolithic technology for simultaneous determination
of vitamin D2, D3 and 25(OH)D3 in human serum.

Kasparova M., Krémova L., Solichova D., Urbanek L., Zd’énsky P., Sobotka L., Solich P.

8th International conference VITAMINS 2008: Nutrition and Diagnostics; Zlin, 9. - 11. 9.
2008 (poster)
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9. Monitoring of lipoperoxidation in patients with familiar hypercholesterolemia treated

by extracorporeal elimination.

Kasparova M., Krémova L., Solichova D., Urbanek L., Bldha M., Bldha V., Blazek M.,
Zd’énsk}'l P., Sobotka L., Solich P.

International conference "Oxidative stress in diseases”; Bratislava, 23. - 25. 4. 2008 (poster,

ustni prezentace v sekci "Oral poster presentations by young scientists")
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13Prilohy — publikace s podilem na analytické ¢asti

Pfilohy 13.1 az 13.9 obsahuji publikace ,,s podilem na analytické ¢asti* Jejich seznam je

uveden v kapitole 11.1., fazeny jsou sestupné podle data vydani.

13.1 Rapid  sample preparation  procedure for
determination of retinol and alpha-tocopherol In
human breast milk

M. Kasparova, J. Plisek, D. Solichova, L. Krcmova, B. Kucerova, M. Hronek and P. Solich

Talanta, 93, 147-152, 2012 (Citovano—1, IF-3,498)
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The liposoluble vitamins (retinol and «-tocopherol) concentration in human breast milk is of a cardinal
knowledge especially for nutrition of prematurely born. It enables the feeding optimization of these
important micronutrients for preterm infants.

The novel rapid liquid-liquid extraction procedure for human breast milk investigation was devel-
oped and validated according to FDA guidelines. The recovery of retinol was 82-90% measured at three
concentration levels 1.0, 2.5 and 5.0 pmol/L, for a-tocopherol 92-109% at concentration levels 2.5, 5.0

Keywords; ) and 10.0 wmol/L. The repeatability of extraction procedure expressed as relative standard deviation was
Human breast milk .
Retinol 3.26% for retinol and 4.79% for «-tocopherol.

w-Tocopherol

Developed extraction procedure was applied on 120 human breast milk samples. The separation of

LLE vitamins was completed using advantages of a monolithic column which accomplished demands of

Sample preparation
Monolithic column

acceleration made by modern bio-analytical HPLC methodology. The analytes of interest were detected
by diode-array detector at wavelengths 325 nm for retinol and 290 nm for «-tocopherol.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The World Health Organization recommends full breastfeeding
for the first 6 months of life, Milk is the sole source of liquids, nutri-
tion, vitamins, minerals and immunity oligosaccharides during this
time. Concentrations of breast milk constituents are influenced by
several factors including stage of lactation, breastfeeding routine,
age and others. The liposoluble vitamins concentration in human
breast milk is of a cardinal knowledge especially for nutrition of
prematurely born. Therefore rapid, uncomplicated and inexpen-
sive sample preparation and quantification procedure for human
breast milk investigation is demanded.

The protective role of c-tocopherol, the major fat soluble antiox-
idant of the body, is the best achieved at plasma concentration
observed in adults [1]. Connections between «-tocopherol defi-
ciency and higher risk of oxidants stress [2,3], haematological [4]
and neuromuscular[5] diseases are well known. Many events lead-
ing to overproduction of free radicals may easily induce oxidative

Abbreviations: AOAC, association of official analytical chemists"; FDA, food and
drug administration; LLE, liquid-liquid extraction; RSD, relative standard deviation;
SD, standard deviation; tg, retention time of analyte.

* Corresponding author. Tel.: +420 495832429 fax: +420 495834841,

E-mail address: solich@lfhk.cuni.cz (D. Solichova).

0039-9140/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
doi:10.1016/j.talanta.2012.01.065

stress in the earliest phases of human life [6,7]. An effort to min-
imize free radical production and promote the development of
adequate antioxidant systems through an adequate nutritional
strategy is the main task of modern neonatology. Prematurity is
associated with protracted oxidative stress [8,9] and mother’s milk
helps to reduce the consequences by providing protective sub-
stance [10].

Retinol is involved in the regulation and promotion of growth
and differentiation of epithelial cells and the cells of many tis-
sues (skin, mucous membranes, blood vessel walls and the cornea)
therefore the need for retinol is critical during periods of rapid
growth and tissue development [11]. It also maintains the integrity
of respiratory tract epithelial cells [12,13]. Retinol is also essential
to ensure a good functioning of the adaptive immunity, defi-
ciency diminishes antibody-mediated response and consequent
changes in mucosal epithelial regeneration [14]. Blood concen-
trations below 0.70 wmol/L have been considered deficient in
premature infants and concentrations below 0.35 wmol/L indicate
severe deficiency and depleted liver reserves.

Milk concentrations of major constituents such as fat and
protein candiffer substantially. The total lipid content increases sig-
nificantly with time of lactation from 1.99 + 0.25 g/dL in colostrum
up to 3.894+0.28g/dL in mature milk [15]. Protein content
of colostral, transitional and mature human milk differs from
1.88+0.4g/dL to 1.35+ 0.3 g/dL, respectively. Statistical variation
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(P<0.05) was observed also with effect of diurnality or noctur-
nality [16]. Therefore sample preparation procedure has to be
robust and effective at major constituent removal (saponification
and deproteinization). To complicate the situation even more, also
the concentrations of vitamins and other micronutrients can be
highly variable. Retinol [17] and «-tocopherol [ 18] concentrations
decreases from colostrums (5-7 pmol/L and 22.3-44.2 pmol/L) to
transitional milk (3-5 pwmol/L and 10.4-16.3 wmol/L) and finally to
mature milk (1.4-2.6 pmol/L and 7.2-10.9 pmol/L). The vitamin
levels in human breast milk and vitamin supplementation were
investigated many times [19-23] in different countries.

During last 5 years several approaches for retinol and «-
tocopherol determination were published but HPLC/UHPLC is
dominant [24-27]. The aim of modern analytical method is to
accomplish demand of acceleration. In comparison with classical
particle columns the usage of a monolithic column enables short-
ening of analysisbecause of better mass transfer properties ensured
by monolithic skeleton. The structure of monoliths favors high-
speed separations while maintaining low back pressure.

Liquid-liquid extraction (LLE) is still frequently used for sam-
ple treatment although in the last 10 years there is an obvious
tendency to substitute it by modern extraction procedures as
solid phase extraction (SPE), microextraction by packed sorbent
(MEPS) or even to skip the sample pretreatment. Adequate con-
ditions must be applied to free up retinol and «-tocopherol
from milk matrix components and lipophylic milieu (lipoproteins,
fat droplets) [28], which most create competitive conditions for
organic extraction solvent. Enzymatic [29] or supercritical fluid
extraction [30] has been described nevertheless classical extrac-
tion by n-hexane after saponification by basic condition [31-34]
or without saponification [35,36] was utilized many times for a
sample treatment.

Various samples (mainly with higher fat content) necessitate
saponification. Completing of fat digestion depends mainly on
applied time and temperature. The determination of liposoluble
vitamins in milk is often realized after lipid elimination (saponifi-
cation) [26,37]. A complete saponification process takes overnight
at room temperature as used by traditional methods [38,39], but
increasing temperature to 80 °C [40,41] enables shortening of time
up to 30min. Association of Official Analytical Chemists’ (AOAC)
International provides fully validated reference methods for retinol
[42] and a-tocopherol [43] in which saponification takes place at
70°C and for 25 or 30min. Necessity of saponification, which is
in principle additional step and therefore source of errors during
sample treatment, was tested several times.

The objective of this work was to develop and validate appropri-
ate extraction procedure for retinol and a-tocopherol from human
breast milk. The procedure was expected to meet the demands of
modern analytical procedure: simplicity, accessibility, robustness
and specificity.

2. Materials and methods
2.1. Chemicals

Standards of retinol and pL-a-tocopherol were purchased from
Sigma-Aldrich (Prague, Czech Republic).

Reagent water was purified by reverse osmosis and filtration
Ultrapure water system, Goro (Prague, Czech Republic). Methanol,
gradient HPLC-grade used as a mobile phase and n-hexane were
purchased from Scharlau Chemie (Sentmenat, Spain). Absolute
ethanol and acetonitrile gradient grade for liquid chromatography
were obtained from Merck (Darmstadt, Germany).

Potassium hydroxide—pellets, pure Ph. Eur., NF was purchased
from AppliChem GmbH (Darmstadt, Germany) and L-ascorbic
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acid purris p.a. from Sigma-Aldrich (Prague, Czech Republic).
Hydrochloric acid 35% p.a. was obtained from Penta (Prague, Czech
republic).

Stock solutions of retinol and a-tocopherol were prepared
as follows. Retinol stock solution was prepared at the con-
centration 2mmol/L in methanol and then diluted to the
calibration solutions. a-Tocopherol standard was firstly dissolved
in n-hexane (2mmol/L), consecutive dilutions were made by
methanol.

Solutions of potassium hydroxide at concentrations 5, 10 and
15mol/L and r-ascorbic acid (0.1 mol/L) were prepared by dissolv-
ing weighted amount of substance in distilled water.

Hydrochloric acid 1 mol/L was prepared by dilution of concen-
trated (35%) acid using distilled water. Distilled water pH values
(6.2, 5.2, 4.2 and 3.2) were adjusted by 1mol/L hydrochloric acid.
Changes were monitored by pH meter.

2.2. Instrumentation

Orbital shaker LabDancer V IKA (Staufen, Germany) was utilized
for stirring before sample deproteinization as well as saponifi-
cation and the horizontal laboratory shaker LT1 Kavalier (Votice,
Czech Republic) forextraction procedure. Thermo block, Transsonic
Ultrasonic Cleaning Units TP 680 DP Elma (Singen, Germany) and
thermostat Stericell BMT (Brno, Czech Republic) were utilized
for heating during saponification. Centrifuge 5810-R Eppendorf
(Prague, Czech Republic) accommodated with Swing-bucket Rotor
A-4-62 was used for separation of n-hexan and aqueous layer
during liquid-liquid extraction. The laboratory vacuum evapora-
tor Concentrator 5301 Eppendorf (Hamburg, Germany) was used
for evaporation of organic layer after extraction. pH meter Argus x
Sentron (Roden, Netherlands) was utilized for pH adjusting.

Target analytes retinol and «-tocopherol were quantified on the
HPLC device Prominence Shimadzu (Kyoto, Japan) composed by
Rack changer/C autosampler for microtitrate plates, Degasser DGU-
20A5, Column Oven CTO - 20 AC, Diode array detector SPD - M20A
and Communication bus module CBM-20A.

2.3. Sample pretreatment

Samples of human breast milk were obtained from University
Hospital Hradec Kralove. The University Hospital ethical committee
approved the protocol of this study.

Milk samples were stored frozen at —28 °C. Before the extraction
material was left to thaw and homogenized by constant mixing at
water bath warmed up to 37°C. Homogenized volume of human
breast milk was partitioned to obtain representative analytical
sample.

2.4. HPLC determination

Liposoluble vitamins retinol and «-tocopherol were measured
by HPLC method [44], which was recently optimized for biolog-
ical material analysis in Research laboratory of Department of
Metabolic Care and Gerontology, Teaching Hospital Hradec Kralove.
Separation of vitamins was performed using the Chromolith Per-
formance RP-18e, 100 mm x 4.6 mm monolithic column Merck
(Darmstadt, Germany). As the mobile phase 100% methanol was
used at the flow rate of 2.5mL/min. The DAD detection of retinol
and a-tocopherol was carried out at 325 and 295nm, respec-
tively. Limit of detection and limit of quantification were 0.13
and 0.27 pmol/L for retinol, for a-tocopherol 0.09 and 0.19 pmol/L
[44].
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Table 1
Selection of the optimal deproteinization reagent.

Table 3
Influence of water addition to the sample on the determined concentration.

Deproteinization Retinol c £5D* w-Tocopherol
reagent (pmol/L) c+SD* (wmaol/L)
Acetonitrile 09+ 0.2 12+ 05
Methanal 1.8+ 0.1 23+ 1.0
Ethanol 23+ 01 22+ 04

& Measured concentration of vitamins + standard deviation (n=3).

3. Results and discussion
3.1. Optimization of sample preparation procedure

Presented sample preparation procedure refers to human breast
milk contents and was designed to reflect wide range of individual
concentration differences. The preparation procedure consists of
deproteinization, saponification and liquid-liquid extraction steps.
All procedure steps were carried out in one screw top glass tube to
minimized losses in extraction process and maximized recovery of
determined vitamins.

3.1.1. Selection of deproteinization reagent

Concentrations of a-tocopherol were not significantly influ-
enced by alcoholic deproteinization reagents (methanol and
ethanol) while measured levels of retinol were significantly vari-
ant. According to these results (Table 1) acetonitrile was assessed
as unsuitable contrary to the ethanol, which was selected as the
appropriate deproteinization reagent.

3.1.2. Optimization of saponification conditions

Potassium hydroxide solution (KOH) was chosen to remove
lipids from the sample. Influence of increasing concentration (5,
10 or 15 mol/L) was tested. The addition of an antioxidant (ascor-
bicacid, 0.1 mol/L, 1 mL) was employed to protect vitamins against
oxidation during the saponification, 1 mL of ethanol was used for
deproteinization. Samples were saponified by different concentra-
tions of KOH (1 mL), the mixtures were heated for 30 min at 80°C.
The extraction preceded the same manner as already mentioned.

The optimal concentration of KOH was selected in agreement
with results of repeatability expressed by % RSD (Table 2). Repeata-
bility of extraction after saponification by 5 and 15mol/L KOH
showed higher % RSD for retinol than results obtained after saponi-
fication by 10 mol/L KOH as contrasted to results for a-tocopherol.
10 mol/L solution was chosen owing to relative standard deviation
(RSD) of measured concentration, for retinol 0.50-0.58 p.mol/L, RSD
7.94% and for a-tocopherol (6.11-7.16 wmol/L, RSD 7.93%).

The optimal volume (1.0, 1.5 and 2.0 mL) of potassium hydrox-
ide (10 mol/L) was tested. The 0.5mL of breast milk was mixed
with 2 mL of ethanol, 1 mLofascorbic acid (0.1 mol/L) and different
volumes of potassium hydroxide. Higher volumes did not resulted
in higher concentrations of measured analytes. Therefore 1 mL of
potassium hydroxide was selected as sufficient.

Also the prolongation of saponification time (30, 40 and 50 min)
was investigated. Previously selected conditions were used. Pro-
longation did not bring statistical significant differences. Three

Table 2
Selection of the optimal concentration of potassium hydroxide.
KOH (mol/L) 5 10 15
Retinol @ (mol(L) 0.40 0.54 0.41
% RSD 10.5 7.9 18.1
w-Tocopherol ¢ (pmolfL) 73 6.6 6.9
% RSD 14 7.9 4.8

2 Measured concentration of vitamin (n=6).
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water (mL) 0 1
Retinol ¢ =5D% (% RSD) 1.6 £ 0.2(14.8) 23 £02(68)
«-Tocopherol ¢ +SD (% RSD)* 25+0.1(49) 3.5 +£0.04 (1.2)

# Measured concentration of vitamins +standard deviation, n=3.

different possibilities of warming up system were compared
(thermo block, thermostat and water bath). The best results for
both determined vitamins were obtained when using thermostat,
the samples were protected from light.

3.1.3. Extraction

Retinol and a-tocopherol were extracted with 2 mL of n-hexane
by vigorous shaking. The organic and water layers were separated
by centrifugation (3220 x g, 10min, 4 °C). Than 1.5 mL of organic
layer phase was evaporated and the residue was dissolved in375 pL
of methanol.

Prolongation of shaking time from 5 min to 10 or 15 min was
tested. Longer time of extraction did not resulted in significantly
better extraction effect. Therefore time of 5minwas chosen as suffi-
cient and moreover total time of sample preparation was not made
than necessary.

Efficiency of extraction was supported by addition of 1 mL of
distilled water (Table 3). Measured concentration of both vitamins
significantly increased and repeatability of the extraction proce-
dure was eminently improved.

Influence of pH of added water was tested (Table 4). Different
water pH (6.2, 5.2, 4.2 and 3.2) was added into the extraction tube
together with n-hexane. Water at pH 5.2 was chosen as optimal
since concentration of retinol measured at others pH were almost
20% lower, for a-tocopherol losses were about 10%.

3.2. Validation of the extraction procedure

The developed sample preparation procedure was validated for
recovery, repeatability and precision according to FDA guidelines
[45].

3.2.1. Analyte recovery

Spiked human breast milk samples were used for accuracy
(recovery) of validation test. Determinated vitamins were already
present in the unspiked sample matrix therefore concentrations
of spiked vitamins were corrected by subtracting the blank. The
human breast milk samples were spiked by assistance of depro-
teinization reagent at the concentrations matching calibration
range. FDA [45] recommended criteria for recovery are from 75%
to 125%.

Samples of human breast milk were spiked by retinol at the
concentrations 1.0, 2.5 and 5.0 pmol/L and by a-tocopherol at the
concentrations 2.5, 5.0 and 10.0 pmol/L. For each concentration
level six individual samples were prepared. The results are summa-
rized in Table 5 showing all recovery values in the range 82-110%
thus having satisfied the FDA requirements.

Recovery of both vitamins fulfills FDA recommended criteria
therefore the tested extraction procedure is suitable for analysis
of human breast milk.

3.2.2. Repeatability

The method precision characteristic {repeatability) was vali-
dated with six samples of breast milk. The precision was expressed
by % relative standard deviation (% RSD). FDA [45] recommended
criteria are % RSD not greater than 15%.

The intra-day repeatability of extraction procedure was tested.
Average concentration of retinol was 1.24 + 0.04 .mol/L (3% RSD).
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Table 4
Influence of pH on the extraction.
pH of water 6.2 5.2 4.2 32
Retinol c+ SD* (DY) 1.1 +£02(84) 1.4 + 0.3 (100) 1.1+ 01(78) 1.1 + 0.1 (81)

w-Tocopherol ¢ +SD* (D") 11.6 + 1.1(93)

12.4 £ 1.0(100)

109 + 0.7 (88) 10.8 = 0.6(88)

2 Measured concentration of vitamins = standard deviation, n=4.
b percentage decrease of concentration.

Table 5
Validation of the extraction process.

Retinol w-Tocopherol
Recovery c? (pmolfL) 1.0 2.5 5.0 2.5 5.0 10.0
recovery (%) 86 82 90 109 a5 92
ZRSD 10 7 0.5 2 2
Repeatability c=+SDP (wmoljL) 1.24 4+ 0.04 7.7+04
ZRSD 3 5
Precision € £5D¢ (mol(L) 0.80 £0.08 6.3+£04
%RSD 10 7
Day 1" 28 3t 4i 1 28 3h 4
Inter-day ¢4 SD (pmol/L) 0.78+0.04 077+£007 0.61£0.05 061+003 6.0+04 50403 52403 54405
repeatability cqg? (emol/L) - 0.01 0.17 0.18 - 0.6 0.7 0.5
De (%) - 1.07 22.0 226 - 9.5 11.8 9.0
% RSD 5 7 14 14 6 8 8 8

2 Concentration of vitamins which were used for milk samples spiking (n=6).
b Average concentration of vitamins + standard deviation (n=6).

¢ Average concentration of vitamins £ standard deviation (n=30).

4 Decrease of concentration ( umol/[L) correlated to value of day 1.

¢ Percentage decrease of concentration.

I Average values and standard deviation calculated from 6 samples.

£ Average values calculated from 12 samples.

" Average values calculated from 18 samples.

I Average values calculated from 24 samples.

Average concentration of c-tocopherol was 7.7 +£0.4 pmol/L (5%
RSD). Repeatability of both vitamins fulfills FDA recommended
criteria (% RSD = 15%).

Inter-day repeatability was determined during 4 consecu-
tive days. 25 mL of pasteurized and frozen human breast milk
was warmed up to 37°C and pipetted under constant shak-
ing (to obtain aliquot homogeneous samples) into the 1.5mL
ependorf tubes. Six samples were processed by the extraction
procedure and measured. Obtained results correspond to the
values day 1. The rest of aliquots was stored (—28°C) and deter-
mined by HPLC in subsequent days (days 2, 3 and 4). Obtained
concentrations of retinol and a-tocopherol are summarized in
Table 5.

Inter-day repeatability was evaluated by calculation of % RSD
of measured concentrations. Standard deviation was correlated
to the measured concentration of day 1 and number of sam-
ples for calculation has increased from 6 (day 1) to 12, 18 and
finally 24 (day 4). Repeatability of both vitamins meets recom-
mendation of FDA, nevertheless a-tocopherol showed stable values
(6-8% RSD). On the contrary the retinol values showed rele-
vant increasing tendency of % RSD corresponding to decrease of
concentration.

3.2.3. Precision

Interpersonal precision was investigated by two different ana-
lysts during one day. Each of them extracted 15 individual samples
of breast milk. The % RSD of all measured concentrations (n=30)
for retinol (0.80+0.08 pmol/L) was 10% and for a-tocopherol
(6.3 £ 0.4 nmol/L) it was 7%.

3.3. Method application

Randomized group of 27 women (age 29 +4 years) at different
lactating stages (1-2, 3-4, 5-6 and 9-12 months postpartum) was
selected for the screening of vitamins. The samples about 25mL
were stored maximally 2 years at —86 °C than the whole volume
was warmed up to laboratory temperature and consequently pas-
teurized. Homogeneous aliquots pipetted under constant shaking
into the 1.5mL eppendorf tubes were stored till measurement at
—28°C.

The differences among samples of 12 women originated from
four lactating stages were tested by statistical software NCSS
(Kaysville, USA), non-parametric paired t-test (Wilcoxon) was
used. The results of analyses are shown in Table 6. Concen-
trations of retinol (n=12) proved statistical differences at 5%

Table 6

Changing of retinol concentration during lactating stages.
Month postpartum 1-2 3-4 5-6 9-12
Retinol ¢ SD* (mol/L) 16410 11409 08104 0.6+04
t-Test paired (p®) 0432591 0.037633 0.010787
w-Tocopherol ¢ +5D (pmol/L)}* 92+33 87+39 84+35 93+3.1
t-Test paired (p®) 0.724082 0.666137 0504903

2 Concentrations of measured vitamins + standard deviation (n=12).
b Statistical evaluation.
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Fig.1. Chromatogram of real sample human breast milk(lactating stage: 4 months). 2Retinol (ty =0.83min,c=1.17 wmol/L, detected at 325 nm). "a-Tocopherol ( fz = 1.52 min,
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significance among stages 1-2/5-6 and 1-2/9-12 on the contrary
of a-tocopherol (n=12). A typical chromatogram of retinol and o~
tocopherol in real sample of human breast milk (lactating stage—3
months postpartum) is depicted in Fig. 1.

4. Conclusion

Rapid sample preparation procedure for determination of
retinol and a-tocopherol in human breast milk was developed and
validated. Extraction recovery of both vitamins fulfils FDA recom-
mended criteria (retinol 86+4% and a-tocopherol 99+ 10%) as
well as repeatability (retinol 1.24+0.04 pmol/L, RSD 3% and «-
tocopherol 7.7 £ 0.4 pmol/L, RSD 5%). Carrying out of the extraction
process has only a little workmanship requirements on a tech-
nician. Preparation of 10 samples is possible to complete during
90 min.

HPLC separation was performed using the monolithic column
the Chromolith Performance RP-18e, 100 mm x 4.6 mm and 100%
methanol as the mobile phase at a flow rate of 2.5 mL/min were
utilized for the determination of retinol and a-tocopherol. The
detection was carried out at 325 and 295 nm, respectively. The time
of analysis was 2.0 min.

The newly developed extraction method was used for analy-
sis of real breast milk samples. Randomized group of 27 women
was selected for retinol and a-tocopherol human breast milk
screening. The study group (n=12) implied mothers at different
lactating stages (1-2, 3-4, 5-6 and 9-12 months postpartum).
Concentrations of retinol proved statistical differences at 5% sig-
nificance among stages 1-2/5-6 and 1-2/9-12 on the contrary of
w-tocopherol.

According to FDA guidelines, the newly developed extraction
procedure was evaluated as suitable for analysis of human breast
milk.
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Abstract. Aim: To investigate the relation between intima-
media thickness (IMT) and laboratory parameters of
atherosclerosis risk in patients with breast carcinoma. Patients
and Methods: IMT and a panel of laboratory parameters
associated with the risk of atherosclerosis were studied in 192
patients with histologically verified breast carcinoma. Results:
FPatients with metastatic disease had significantly higher
Jfibrinogen, C-reactive protein (CRP), urinary neopterin and
mean IMT, and significantly lower serum albumin and
hemoglobin concentrations. Significant correlations were
observed between CRP, urinary neopterin, mean IMT and
other parameters of cardiovascular risk. Age was an
independent predictor of the presence of sonographic signs of
atherosclerosis using logistic regression, and age, glucose,
time from start of chemotherapy, high-density lipoprotein
cholesterol, D-dimers were independently associated with IMT
in stepwise regression models. Conclusion: In addition to the
associations between IMT and laboratory or clinical
parameters of the risk of atherosclerosis, IMT may also be
associated with the time from chemotherapy.

Recent decades have witnessed major progress in cancer
therapy that has translated into improved survival of patients
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with different types of primary tumor. With this improved
survival, and even cure of patients with some forms of
metastatic cancer, hitherto unknown and unexpected long-
term complications have emerged, including atherosclerosis
and associated disorders (1-3). Comorbid conditions are now
an important issue in medical oncology, and, in many
patients, comorbid disorders rather than cancer remain the
ultimate cause of death (4). Atherosclerosis, with its
complications, is by far the most important cause of
morbidity and mortality due to comorbid conditions in
patients with cancer. Age, smoking, obesity and oxidative
stress are associated with increased risk of atherosclerosis,
as well as many forms of cancer (5). Several retrospective
series demonstrated increased risk of cardiovascular events,
e.g. myocardial infarction, in long-term survivors of
testicular cancer or pediatric tumors treated with
chemotherapy (1-3). The toxicity of anticancer therapy may
result in the progression of atherosclerosis (6). The
information on the prevalence of complications of
atherosclerosis is limited for most of the common types of
cancer (5, 7-9). In patients with breast carcinoma both
increased and decreased incidence of complications of
atherosclerosis have been reported (10, 11).

More pronounced adverse effects fostering the progression
of atherosclerosis could be expected from the use of targeted
agents, e.g. drugs targeting the vascular endothelial growth
factor or its receptors, but these drugs were introduced only
recently and are now used almost exclusively for patients
with incurable metastatic tumors. For some targeted agents,
hypertension, hyperlipidemia, or hypomagnesemia represent
the most important side-effects. Hypertension or proteinuria
accompanying administration of drugs targeting vascular
endothelial growth factor is associated with endothelial
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dysfunction (12). With the introduction of targeted agents
into the standard therapy of common tumor types, ¢.g. breast
carcinoma or colorectal carcinoma, the effect of treatment on
long-term risk of atherosclerosis may become an important
consideration.

Considerable efforts have been devoted in the past several
decades to identifying risk factors for the development or
early signs of the presence of atherosclerosis. A number of
laboratory parameters, including cholesterol, homocysteine,
and C-reactive protein (CRP) (13), have been shown to
predict cardiovascular events associated with atherosclerosis.
In addition to the search for laboratory parameters of
increased risk, strategies have been developed for early
diagnosis of asymptomatic cardiovascular disease.
Identification of risk or early diagnosis of asymptomatic
disease opens the possibility of intervention that could
prevent a cardiovascular event. Stress/rest myocardial
perfusion scan, and measurement of carotid intima-media
thickness (IMT) have been the most widely used diagnostic
tests in asymptomatic individuals. Stress/rest myocardial
perfusion has been shown to predict cardiovascular events in
asymptomatic patients with different risks of coronary artery
disease (14, 15). Measurement of carotid IMT has been
established as an indirect non-invasive test for the detection
of coronary atherosclerosis (16).

The aim of the present study was to investigate relation
between IMT and laboratory parameters of atherosclerosis
risk in patients with breast carcinoma.

Patients and Methods

One-hundred and ninety-two female patients with histologically
verified breast carcinoma, aged (meanzstandard deviation) 5410
(range 28-76) years, were included in the present study. The
investigations were approved by Institutional Ethical Committee and
the patients signed an informed consent.

Body-mass index (BMI) was calculated using the formula:
weight (in kg)/[height (in m)]2, The menopausal status; history of
breast cancer, including the time from diagnosis, time from
chemotherapy start or the presence of distant metastases; history of
smoking, cardiac disorder, hypertension, diabetes, disorders of lipid
metabolism and thyroid disorders were recorded. Blood samples
were drawn from a peripheral vein after an overnight fast. The
samples were transferred immediately to the laboratory, centrifuged
(1600 x g, 10 minutes at 16°C), then the serum was separated and
either processed immediately (for most parameters) or frozen at
—20°C until analysis (for alpha-tocopherol and retinol). Peripheral
blood cell count was performed as described elsewhere (17).
Hemoglobin was measured by a photometric method using sodium
lauryl sulfate; leukocytes and platelets were determined by
impedance method using a Sysmex XE-2100 blood analyzer
(Sysmex, Kobe, Japan). Fibrinogen was determined by Clauss
clotting time method using commercial reagents (Grifols, Barcelona,
Spain). Antithrombin functional activity was measured by
spectrophotometric method using chromogenic substrates (STA
Compact; Diagnostica Stago, Paris, France), and D-dimers in

plasma were determined by immunoturbidimetric method
(Diagnostica Stago).

CRP was determined using particle-enhanced immunoturbidimetric
assay; lipoprotein (a), serum cholesterol, low-density lipoprotein
(LDL) cholesterol, high-density lipoprotein (HDL) cholesterol,
triglycerides were determined using immunoturbidimetric and
enzyme-based assays accordingly, as commercially available on a
MODULAR analyzer (Hoffmann-La Roche, Basel, Switzerland).
Homocysteine concentration was determined immunochemically
(Immulite 2000; Siemens Healthcare Diagnostics, Deerfield, IL,
USA). Glycosylated hemoglobin was determined by high-
performance liquid chromatography using a Variant I Turbo System
(Bio-Rad, Hercules, CA, USA) according to the instructions of the
manufacturer and expressed according the International Federation of
Clinical Chemistry (IFCC) reference system (18). Serum glucose,
creatinine, magnesium, uric acid and albumin were determined using
commercially available kits on a MODULAR analyzer (Hoffmann-
La Roche).

Serum alpha-tocopherol and retinol were determined by high-
performance liquid chromatography as described elsewhere (19). In a
liquid-liquid extraction procedure, 500 ul of serum was deproteinized
by cool ethanol denatured with 5% methanol (500 ul, S minutes at
4°C). Subsequently, 2.5 ml of #n-hexane was added to this mixture and
extraction for 5 minutes was carried out by a vortex apparatus. After
centrifugation (1 600 x g, 10 minutes at 0°C), the aliquot (2 ml) of the
extract was separated and reduced to dryness (45°C} in a vacuum
concentrator (AD 5301; Eppendorf, Hamburg, Germany). The residue
was dissolved in 400 ul of methanol and analyzed by reversed-phase
high-performance liquid chromatography using external standard
calibration. The analyses were performed using a Perkin-Elmer
(Norwalk, CT, USA) high-performance liquid chromatography set
comprising an LC 200 pump, an LC 200 autosampler, LC column
oven 101 thermostat and LC 235C diode array detector attached to a
Perkin-Elmer Turbochrom Chromatography Workstation version 4.1.
Separation of alpha-tocopherol and retinol was performed using
Chromolith Performance RP-18e, 100x4.6 mm monolithic columns
(Merck, Darmstadt, Germany). As the mobile phase, 100 % methanol
was used at a flow rate of 2.5 ml/min and column pressure of 3.3 MPa.
The block heater LC Oven 101 (Perkin-Elmer) was utilized to
maintain the analytical column temperature at 25°C. The sample
injection volume was 50 pl. The detection of alpha-tocopherol and
retinol was carried out at 295 nm and at 325 nm, respectively. Limit of
detection (LOD) and limit of quantification (LOQ) of alpha-tocopherol
were 0.1 pmol/l and 0.3 pmol/l, respectively. LOD and LOQ of retinol
were (.02 pmol/l and .07 pmol/l, respectively.

Early morning urine samples were collected and stored at =20°C
until analysis. Urinary neopterin was determined using a
modification of a method described earlier (20). After centrifugation
(45 5, 12000 x g), 100 pl of urine specimen was diluted with 1.0 ml
of mobile phase containing 2 g of disodium-EDTA per liter; the
samples were then filtered using a Microtiter, AcroPrep 96 Filter
Plate 0.2 um/350 p! vacuum manifold (Pall Life Science, Ann
Arbor, MI, USA). Neopterin was determined using a Prominence
LC20 high-performance liquid chromatography system (Shimadzu,
Kyoto, Japan) composed of Rack changer/C autosampler for micro-
titration plates, DGU-20A5 degasser, 2 LC-20 AB liquid
chromatograph pumps, auto sampler STL-20 AC, column oven CTO
- 20 AC thermostat, RF-10 AXL fluorescence detector, SPD -
M20A diode array detector and CBM-20A communications bus
module. Phosphate buffer 15 mmol/1, pH 6.4, with flow rate of 0.8
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ml/min was used as mobile phase. Separation was performed using
a Gemini Twin 5 p, C18, 150 x 3 mm (Phenomenex, Torrance,
USA) hybrid analytical column at 25°C, with an injection volume
of 1 pl. Neopterin was identified by its native fluorescence (353 nm
excitation, 438 nm emission wavelength). Creatinine was monitored
simultaneously in the same urine specimen with diode array detector
at 235 nm. Time of analysis for urine neopterin and creatinine was
6 minutes and the analytes were quantified by external standard
calibration. LOD and LOQ of urinary neopterin were 5.89 nmol/l
and 11.79 nmol/l, respectively. LOD and LOQ of urinary creatinine
were 6 umol/l and 12 pmol/l, respectively. Neopterin concentrations
are expressed as neopterin/creatinine ratio (pmol/mol creatinine).

Urinary albumin concentration was measured immunochemically
using COBAS-MIRA (Hoffmann-La Roche), and expressed as the
albumin/creatinine ratio (g/mol creatinine). LOQ of urinary albumin
was 3.6 mg/l. The activity of N-acetyl-f3-D-glucosaminidase (NAG)
in urine was determined using a method published previously (21),
with minor modifications. LOQ of urinary NAG was 1 nkat/l. NAG
activity is expressed as NAG/creatinine ratio (ukat/mol creatinine).

The carotid arteries were evaluated with two-dimensional
imaging using an ultrasound scanner (Aplio, Toshiba, Tokyo, Japan)
with an 8-14 MHz transducer (22). IMT, defined as the distance
between the echogenic line representing blood-intima interface and
the echogenic line representing media-adventitia interface, was
measured on the posterior wall of the carotid artery in the
longitudinal plane. IMT was evaluated bilaterally at two levels, in
the supraclavicular segment of the common carotid artery and 2 cm
below the bifurcation of the common carotid artery (23). Three
measurements were performed at each level and the mean of these
three measurements was calculated. The presence of carotid plaque
was noted. The measurements were performed by the same
observer. The mean IMT and maximal IMT from the measurements
performed bilaterally at the two segments were determined.
Sonographic signs of atherosclerosis were considered present if the
IMT was =1 mm or if presence of plaques or calcifications was
observed.

Differences between groups of patients were analyzed by the
Mann-Whitney U-test. Correlations were analyzed using Spearman’s
rank correlation coefficient. These analyses were performed using
NCSS software (Number Cruncher Statistical Systems, Kaysville,
UT, USA). Multivariate analysis was performed using multiple
logistic regression and multiple regression. These analyses were
performed using SAS software (Version 9.2; SAS Institute, Cary,
NC, USA). The decision on statistical significance was based on
p=0.05 level.

Results

Fifteen patients had metastatic disease and 177 patients had
no evidence of distant metastases. Patients with metastatic
disease had significantly higher fibrinogen, CRP, urinary
neopterin and mean IMT, and significantly lower serum
albumin and hemoglobin (Table I).

Correlations between CRP, urinary neopterin, mean IMT
and other parameters of cardiovascular risk are shown in
Table II. Significant positive correlations were observed
between IMT and age, BMI, D-dimers, fibrinogen, glucose,
uric acid, total cholesterol, LDL cholesterol, triglycerides,
homocysteine, glycosylated hemoglobin, retinol, CRP,

urinary NAG and albumin, and negative correlations were
observed between IMT and HDL cholesterol and albumin
(Table II). Significant negative correlations were observed
between urinary neopterin and hemoglobin, platelet count,
creatinine, HDL cholesterol, albumin, retinol and alpha-
tocopherol. Significant positive correlations were observed
between CRP and age, BMI, leukocyte count, D-dimers,
fibrinogen, glucose, uric acid, triglycerides, urinary albumin
and both mean and maximal IMT. CRP correlated negatively
with HDL cholesterol and albumin.

Thirty-five patients (18%) had sonographic signs of
atherosclerosis as defined in the Patients and Methods, while
no signs of atherosclerosis were evident in 157 patients. The
patients with sonographic signs of atherosclerosis had
significantly higher age, BMI, fibrinogen, glucose, total
cholesterol, LDL cholesterol, triglycerides and glycosylated
hemoglobin, and significantly lower HDL cholesterol (Table
III).

The continuous clinical and laboratory parameters were
then dichotomized based on the upper limit of normal values
(D-dimers, fibrinogen, glucose, uric acid, total cholesterol,
LDL cholesterol, lipoprotein (a) and CRP), lower limit of
normal values (serum albumin), or, in the case of parameters
with fewer than 10% of values above (or below) the normal
range or for which the normal range was difficult to define,
above the third quartile (age, BMI, leukocyte and platelet
count, antithrombin, creatinine, triglycerides, homocysteine,
glycosylated hemoglobin, retinol and alpha-tocopherol,
urinary NAG, albumin and neopterin) or below the first
quartile (hemoglobin, magnesium and HDL cholesterol).

A multiple logistic regression using a stepwise selection
model was subsequently performed for data from 149
patients who had complete dichotomized data for all
variables. Only age was an independent predictor of the
presence of sonographic signs of atherosclerosis (p<0.0001),
and the probability (P) of atherosclerosis was defined by the

formula:

-’T=—17[f+exp (-12.8297+0.1952xage)]. Using continuous
variables, multiple regression analyses were then performed
using log mean IMT or log maximum IMT as dependent
variables. Using a stepwise selection model, increasing age
(p<0.0001), glucose (p=0.0238) and time from chemotherapy
start (TFCS; p=0.0205) were independently associated with
increased mean IMT, while higher HDL was associated with
decreased IMT (p=0.0458). The mean IMT was defined by the
formula:  In  (mean  IMT)=-1.35740+0.01469xage+
0.02933xglucose+0.001054xTFCS-0.05715xHDL.

Using the same stepwise selection procedure, increasing age
(p<0.0001), and glucose (p=0.0324) were independently
associated with increased maximum IMT, while D-dimers
(DD; p=0.0297) and HDL (p=0.0291) were independently
associated with decreased maximum IMT. Maximum IMT was
defined by the formula: In (maximum IMT)=
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Table I. The investigated parameters in patients with and these without distant metastases.

Parameter (unit) No metastases (n=177) Metastatic disease (n=1_5) p-Value
Age (years) 53x10 577 0.102
Time from diagnosis (months) 2628 42:44 0.207
Time from chemotherapy start (months) 22427 34433 0.138
BMI (kg/m?) 26.8+5.2 28364 0.353
Leukocytes (109/1) 5.9+1.7 54+18 0.108
Hemoglobin (g/1) 14049 13011 0.001
Platelets (10%/1) 240+50 222491 0.705
D-Dimers (mg/l) 0.66+1.65 0.89=0.71 0.053
Antithrombin (%) 10713 102+12 0.093
Fibrinogen (g/1) 3.58+0.75 4.45+0.72 0.00008
Glucose (mmol/1) 5.1+1.1 57422 0.376
Magnesium (mmol/1) 0.86x0.06 0.88+0.10 0.073
Creatinine (pmol/l) 68+12 6819 0.815
Uric acid (umol/1) 279+77 282+60 0.581
Total cholesterol (mmol/l) 5542097 5.68+1.21 0.247
HDL cholesterol (mmol/1) 1.71x0.45 1.48+0.31 0.069
LDL cholesterol {mmol/I) 3.39+£091 3.75+1.03 0.111
Triglycerides (mmol/l) 1.30+0.73 1.18+0.37 0.897
Lipoprotein (a) (g/l) 0.28+0.37 0.39+0.60 0.643
Albumin (g/1) 45.8+30 44.,1+2.3 0.024
CRP (mg/l) 3.5+6.4 9.1+7.0 0.00002
Homocysteine (umol/l) 11.3£3.9 13.6+69 0.226
Glycosylated hemoglobin (%) 3.5x09 37209 0.162
Retinol (pmol/1) 1.83+0.54 1.61x0.60 0.067
Alpha-tocopherol (pmol/1) 24.59+£5.21 25 4414 .69 0.182
Urinary neopterin (pumol/mol creatinine) 142468 190+98 0.028
Urinary NAG (ukat/mol creatinine) 14.4+11.0 14.9+7.3 0.371
Urinary albumin (g/mol creatinine) 1.02+2.94 0.54+0.37 0.502
Mean IMT (mm) 0.61+0.13 0.73+0.24 0.038
Maximal IMT (mm) 0.68+0.16 0.84+0.45 0.072

Data are the meansstandard deviation of the respective parameters. p-Values less than 0.05 are highlighted with bold type. BMI body-mass index;
HDL high-density lipoprotein; LDL low-density lipoprotein; CRP C-reactive protein; NAG N-acetyl-p-D-glucosaminidase; IMT inrima-media

thickness.

—1.28323+0.01611xage-0.01871xDD+0.03261 xglucose—@73
42xHDL.

Discussion

In a breast cancer patient population IMT, an indicator of the
presence of atherosclerosis, was associated with risk factors
of atherosclerosis that are well known from the general
population, including age, BMI, glucose, uric acid, HDL
cholesterol, LDL cholesterol, albumin and homocysteine (24).
An association was also evident with the systemic
inflammatory response. CRP, a key indicator of systemic
inflammatory response, was correlated with IMT, as well as
with risk factors of atherosclerosis, including BMI, uric acid or
HDL cholesterol. In multivariate analysis using logistic
regression, only age predicted the probability of
atherosclerosis. When applying the stepwise multiple
regression model, age, glucose, HDL, time from the
chemotherapy start and D-dimers were independent predictors

of mean or maximum IMT, while age, glucose, and time from
the start of chemotherapy were associated with increased IMT:
HDL and D-dimers had a protective effect. Interestingly, a
positive correlation was also observed between IMT and D-
dimers, indicating that the role of fibrinolysis may be more
complex in this patient population. The association between
IMT and the time from chemotherapy start is of specific
interest. In many patients this time was zero as they were not
treated with chemotherapy. The association with IMT
indicating that the risk of atherosclerosis increases with the
time elapsed from the chemotherapy start corresponds to the
hypothesis that cytotoxic chemotherapy plays an important
role in the pathogenesis of atherosclerosis in patients with
cancer (1-3, 6).

Interestingly, IMT was increased in patients with distant
metastases. Other parameters that were different in patients
with metastatic disease included parameters associated with
systemic inflammatory response, urinary neopterin, CRP,
fibrinogen and hemoglobin. The observed association of
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TOCOPHEROL ACETATE USING SEQUENTIAL
INJECTION CHROMATOGRAPHY

Hana Sklenarova, Petra Koblova, Petr Chocholous,

Dalibor Satmsky, Lenka Krémova, > Markéta Kasparova,
Dagmar Solichova,? and Petr Solich’

Faculty of Pharmacy, Department of Analytical Chemistry,

Charles University, Hradec Kralové, Czech Republic

*Faculty of Medicine and Teaching Hospital, Department of Metabolic Care
and Gerontology, Charles University, Hradec Kralové, Czech Republic

A novel simple method for separation of vitamins A-acetate (all-trans retinol acetate), D,
(ergocalciferol), or D3 (cholecalciferol) and E-acetate (tocopherol acetate) using short
monolithic column in the sequential injection chromatography system is described. Separ-
ation was carried out using FIAlab™ 3000 system under following conditions: Onyx™!
Monolithic CI8 column (25 x 4.6 mm), mobile phase acetonitrile:methanoi:H;0 20:20:1
(vivly)), flow rate 0.9 mL min~", detection at 265 nm (D), 290 nm (E), and 325 nm (A).
The method was validated with respect to peak asymmetry, resolution, number of theoretical
plates, repeatability, linearity, precision, and accuracy. Analysis time was 5.5 min.

Keywords: Cholecalciferol; Monolithic column; Retinol-acetate; Sequential injection chromatography;
Tocopherol-acetate

INTRODUCTION

Development of monolithic materials and application of their advantageous
features such as low flow resistance (thanks to the high porosity of monolithic
material) and high separation efficiency that could be obtained even with relatively
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short columns with monolithic rods, compared to common chromatographic
columns based on particle sorbents, enables their usage in the low pressure flow
systems. The Sequential Injection Chromatography (SIC) bringing together advan-
tages of both Sequential Injection Analysis (SIA) and monolithic technology thus
represents a modern mode of flow methods that are established for easy automation
of simple analytical methods (RZi¢ka and Marshall 1990; Satinsky et al. 2003;
Chocholous, Solich, and Eatinskjr 2007).

Vitamins are a group of compounds extensively analyzed by many analytical
methods. Vitamins A, D,, Ds, E, and K, retinyl acetate, retinyl palmitate, tocopherol
acetate, ergosterol, and 7-dehydrocholesterol in milk were separated on a packed
reversed-phase fused-silica micro-column (150 x 0.3 mm, 3 pm) and determined with
UV detection (Gomis, Fernandez, and Gutiérrez Alvarez 2000). Another work pre-
sents determination of tocopherols, B-carotene, all-trans-retinol, and in the case of
fish, cholecalciferol as well (Salo-Vaananen et al. 2000). Normal-phase chromato-
graphy with UV (B-carotene and all-trans-retinol) and fluorescence detections
(tocopherols) were used.

Determination of lipo-soluble vitamins in cooked meals, milk, and milk products
using ODS 2 C-18 column with UV detection (Escriva et al. 2002) was published. Quan-
titation of vitamins A, D3, and E in fortified infant formulae by LC-MS (Heudi, Tris-
coni, and Blake 2004) was carried out, Stability of vitamins A and E was tested in open
infant milk based formulae (Chavéz-Servin, Castellote, and Lépez-Sabater 2008) using
silica short-narrow-bore column (50 x 2.1 mm, 3 pm). This work was later extended to
determination of vitamin C, iron and selenium (Chavéz-Servin, Castellote, Rivero et al.
2008). Green chromatographic method for determination of fat-soluble vitamins in
food and pharmaceutical supplement (Kienen et al. 2008) using microsorb C18 column
(250 x 4.6mm, Spm particles) with UV detection was developed. Simultaneous
measurement of retinol, «-tocopherol and six carotenoids in human plasma using an
isocratic reversed-phase HPLC method (Karppi et al. 2008) was described.

Simultaneous determination of fat-soluble vitamins A, D, and E and pro-vitamin
D, in animal feeds was carried out using conventional C-18 column (150 x 3.9 mm) and
mobile phase was pure methanol (Qian and Sheng 1998). Other separation method
determined vitamins A, E, D;, and 25-hydroxyderivates of vitamins D, was described
(Alvarez and De Mazancourt 2001). In this case, vitamins were observed in samples of
human plasma. Reversed phase C-18 column (250 x 4.0 mm, 5 um) was used for gradi-
ent elution. Derivatives of vitamins D were observed and determined by LC-MS and
compared with radioimmunoassay method (Chen et al. 2008). Serum levels of retinol,
o-tocopherol, 25 hydroxyvitamin D; and 24, 25 dihydroxyvitamin D; levels
(Mata-Granados, Luque de Castro, and Quesada 2008) using a previously published
method (Quesada, Mata-Granados, and Luque de Castro 2004). Amperometric detec-
tion of fat-soluble vitamins and antioxidants (Cheng and Jandik 2008) were carried out
using new type of micro fabricated carbon electrodes for HPLC analysis.

Separation of vitamins A and E in biological material by HPLC with mono-
lithic column (100 x 4.6 mm) was recently described using pure methanol as a mobile
phase (Urbanek et al. 2006). The next work of this group (Krémova et al. 2009) was
based on the separation of all-frans-retinoic acid, 13-cis-retinoic acid, retinol, alpha-,
and gamma-tocopherol. The same length of the monolithic column was used and the
mobile phase composed of acetonitrile and 1% ammonium acetate in water at pH 7.0
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in gradient started from the ratio 98:2 (v/v) and the flow rate 2.0mL min~' was
finished by the ratio 95:5 and the flow rate 3.2mL min~' was employed. The total
analysis time was 7.2 minutes and separation was applied for determination of the
cited substances in human blood serum for monitoring anticancer therapy.

The aim of this study was to develop and validate a new low-pressure method
using SIC for the determination of vitamins (A-acetate, D, E-acetate). The novel SIC
method with the monolithic column and UV spectrophotometric detection was then
applied for the determinations of vitamin D; in the pharmaceutical formulation
Vigantol® (Merck KGaA, Germany) and vitamins A and D, in the formulation
Vitamin AD Slovakofarma® capsules (Zentiva as., Slovak Republic) using
tocopherol-acetate as an internal standard.

EXPERIMENTAL
Chemicals and Reagents

Retinol acetate (all-trans vitamin A), ergocalciferol (D,), cholecalciferol crystal-
line (D3), and vitamin E acetate (alpha-tocopherol acetate) were obtained from
Sigma-Aldrich (Prague, Czech Republic). Stock and standard solution of vitamins
A-acetate, D,, and D3 were prepared in methanol; vitamin E-acetate was dissolved
in n-hexane and then standard solutions were prepared using methanol. Concentrations
of stock and standard solutions were as follows: 1 mM vitamin A-acetate, D,, D5 stock
solutions and 100 pM standard solutions; 20 mM vitamin E-acetate stock solution and
2mM standard solution. The mixture of standards for separation experiments con-
tained 100 pM of vitamin A-acetate, D> and D3 and 2mM of vitamin E-acetate. All
stock and standard solutions were stored at 4°C. In the case of vitamin A-acetate, fresh
solutions were prepared weekly. Other vitamin solutions were stored for 4 months.

The HPLC-grade methanol, n-hexane, acetone, and acetonitrile were purchased
from Sigma-Aldrich (Prague, Czech Republic). All other chemicals were of analytical
grade quality. The deionized water was purified by a Milli-Q system (Millipore,
Bedford, MA, USA).

Apparatus and Columns

Commercial FIAlab® 3000 system (FIAlab® Inc., Bellevue, USA) comprised
of 5mL syringe pump, 6 port selection valves and 10 mm optical Z-flow through cell
was used. Deep UV light source D-2000 CE and USB 2000 UV-VIS fiber optic CCD
detector (OceanOptics, USA) were connected to the flow system via 600 pm I.D.
optical fibers with SMA connectors (FIAlab®™ Inc., Bellevue, USA). Detection was
carried out at 265 (D), 290 (E), and 325 (A) nm, 700 nm was used for correction
of baseline drifts. Flow system was made of PTFE tubing with 0.50mm 1L.D. The
whole SIA system was controlled by FIAlab for Windows 5.0 program. Manifold
set-up is depicted in Fig. 1.

Separation was carried out using 50 mm long Chromolith Speed Rod RP-18e
column (4.6mm 1.D., Merck, Darmstadt, Germany) and 25mm long Onyx'™
Monolithic C18 column, (4.6 mm I.D., Phenomenex®, Torrance, USA). Pre-column
Chromolith™ RP-18e (10 x 4.6 mm) was used to protect both monolithic columns.
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Figure 1. SIA system for simultaneous determination of vitamins A acetate, D and E acetate.

The monolithic column was placed between 6-port selection valve and 10 mm Z-flow
detection cell. The mobile phase was degassed by means of helium (Helium 4.6,
Linde, Prague, Czech Republic) and aspirated to the system through 10 pm filter
(Shimadzu Corp., Kyoto, Japan).

Preparation of Sample Solutions

The tested formulation Vigantol® (Merck KGaA, Darmstadt, Germany) con-
tained 0.5 mgmL ™! of D5 (1.3 mM) in drops solution (oil medium with triacylglycer-
oles). The 400 uL of tested solution and 500 pL of internal standard working solution
were transferred to 5mL volumetric flask and diluted with methanol. The solution
was filtered through the 0.45mm filter and aspirated directly into the SIC system.

The formulation Vitamin AD Slovakofarma® (Zentiva, Hlohovec, Slovak
Republic) contained 8.6 mg of A-acetate and 0.125mg of D, in one capsule. Auxiliary
compounds were glycerol, methylparaben, plant oil, gelatin, and lemon yellow pigment.
For determination of A-acetate one crushed capsule was placed into the 10 mL volu-
metric flask filled up with hexane, the content was shaken for 1 min and sonicated for
10min in ultrasound bath. The 50 L of obtained solution was evaporated and solved
in 500 pL of internal standard solution, shaken for 1 min, and sonicated for 10 min.

For determination of D, that is in lower concentration modified sample prep-
aration was needed. One crashed capsule was placed into 5mL of acetone, shaken
for 1 min, and sonicated for 15 min. The 500 uL of obtained solution was evaporated
and solved in 500 pL of internal standard solution, shaken for 1 min, and sonicated
for 10 min.

RESULTS AND DISCUSSION
Method Development and Optimization

Different separation conditions (column length, composition of mobile phase,
flow rate, and sample volume aspirated) were tested to develop the sequential
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injection chromatographic method for determination of the aforementioned
vitamins. Optimized values of these parameters are marked in dark in the Table 1.
Quality of separation was observed in respect to retention times; resolution of
individual peaks, including resolution of the dead volume; and the first peak and
peak shapes (asymmetry).

From the UV spectra of all analyzed compounds, the optimal detection wave-
lengths were chosen. This commercial SIA system enables measurement of four
different wavelengths simultaneously. Thus, detector signal was observed at three
wavelengths 265nm (D), 290nm (E), and 325nm (A), the fourth wavelength
(700 nm) was used for correction of baseline drifts.

The optimization of the flow rate was carried out in the range 1040puLs™".
Using a 50 mm monolithic column and flow rate more than 15 pLs™!, problems with
high pressure in the system were observed. A 25 mm monolithic column enabled higher
flow rates (40 uL s~ ") without problems (using mentioned mobile phase compositions
with high content of organic solvents). A value of flow rate has affected retention times
and, thus, peak resolution of all separated compounds. Lower resolution of all
mentioned vitamins and short time of analysis were found using higher flow rates
(2040 pL s~ !). On the other hand, higher resolution and longer time of analysis were
obtained with lower flow rates (5-10 uLs™'). Compromise between these two para-
meters should be found to obtain complete separation of vitamins in reasonably short
analysis time. In all experiments concerning mobile phase composition, different flow
rates were tested; the range of tested values was affected by monolithic column length.

The sample volume was tested in the range 10-40 L using both monolithic
column lengths. With respect to application of optimized separation conditions for
determination of vitamin D in pharmaceutical formulation (mainly vitamin D level);
20 uL. was chosen for keeping precise detection of vitamin D in the detection part of
the SIC system.

The optimization of mobile phase composition was started with 100% meth-
anol. In this case, poor resolutions of the dead volume, the first peak (vitamin

Table 1. Retention time and peak resolution values

MP composition (ACN:MeOH:H,0) Substance tr () Peak resolution
50:50:0 A 54
D 115 4.80 (A-D)
E 146 2.03 (D-E)
25:25:1 A 71
D 165 6.52 (A-D)
E 226 3.13 (D-E)
20:20:1 A 73
D 165 6.79 (A-D)
E 228 3.38 (D-E)
15:15:1 A 77
D 194 7.27 (A-D)
E 293 4.33 (D-E)

Note: A =retinol-acetate; D =cholecalciferol; E = tocopherol-acetate; MP =mobile phase; tg=
retention time; ACN = acetonitrile; MecOH = methanol.
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A-acetate) and vitamin D-vitamin E-acetate, were acquired at all flow rates of the
mobile phase. The same results were obtained when 100% acetonitrile was used as
a mobile phase.

The mobile phase consisting of a mixture of acetonitrile and methanol (50:50,
v/v) has shown better separation of all peaks. Peak asymmetry and peak resolution
values were found to be lower (asymmetry) and higher (resolution) than in the
previous tests; mainly resolution between the dead volume and the first peak was
improved. These experiments were carried out on both types of monolithic columns
but during testing of a longer (50 mm) monolithic column, flow rates were limited by
higher values of back pressure (discussed before) and analysis time was extremely
prolonged while separation quality was not improved.

Finally, mobile phases containing mixtures of acetonitrile, methanol, and water
in various ratios were tested using the shorter (25 mm) monolithic column and flow
rates in the range 10-30 uL s™'. The obtained results of these separations using flow
rate 15uL s~! are shown in Table 1 and Fig. 2. Values of resolution parameter for all
tested vitamins were sufficiently high (R > 1.5), but analysis time was slightly
prolonged. In the case of mixtures ratios 25:25:1 and 20:20:1, there were found only
small changes in separation efficiency (retention times for individual vitamins were
found to be similar). Thus, separation robustness was proved: changes in ratios of
mobile phase composition in the mentioned range did not affect observed para-
meters of evaluation of separation process.

Analytical Parameters and Validation

All compounds were completely separated using the proposed procedure (20 pL
sample volume, Onyx™™ Monolithic C18 column, 25 x 4.6 mm with 10 mm precolumn,
mobile phase acetonitrile:methanol:H,0 20:20:1 (v/v/v), flow rate 0.9 mL min~" corre-
sponds to 15pL s~', ambient temperature) and several chromatographic parameters
such as peak asymmetry, peak resolution, number of theoretical plates, and height
equivalent to a theoretical plate, were calculated from the experimental data (see

0.50 1
250 nm
E
Da
0.30 -
s A
g
£
a 50:50:0
2 1
25:25:
0.10 4 E
D3 20:20:1
| D3 E 15:15:1
if . . . . .
1.5 2.5 15 45 55 6.5
I Time {min)
=010

Figure 2. SIC chromatograms of separation of standard solution using Onyx™ Monolithic C18 column
(25 x4.6mm), various ratios of mobile phase acetonitrile:methanol:H-O (50:50:0, 25:25:1, 20:20:1,
15:15:1, v/v/v), flow rate 0.9mL min~', detection wavelength 290 nm.
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Table 2). All results were in good agreement with limits set by validation authorities
(ICH 1997; Council of Europe 2007); individual values of validation parameters limits
are mentioned in Table 2.

Lower value of number of theoretical plates for vitamin A-acetate corresponds
to the monolithic column length (25mm). Limit for this validation parameter was
not strictly set by validation authorities and in common HPLC separation applica-
tions values >900 are accepted. In the presented separation, a lower value (622) for
vitamin A-acetate was found, but calculation of height equivalence of the theoretical
plate that is related to the column length was used for evaluation of separation pro-
cess. The HETP parameter accepted values are <100 um, even in HPLC applications
using particle columns (HETP value for vitamin A-acetate was 40.93 um).

The chromatogram in Fig. 3 was obtained using the SIC method for separation
of mentioned substances in the standard solution. Figure 4 shows separation of
vitamin D3 and internal standard vitamin E-acetate in sample of Vigantol™ drops.

The developed method was validated in order to evaluate repeatability (of
retention times, peak height, and peak area), linearity, precision, and accuracy. All
results of validation parameters are described in Table 3 including limits set by vali-
dation authorities (ICH 1997; Council of Europe 2007). Values of mentioned para-
meters were, in all cases, calculated as a ratio of the respective value for individual
vitamin, and the value for internal standard obtained in one analysis. Obtained
results were in good agreement with the set limits.

The repeatability (Table 2) of the method was determined preparing the
standards of all vitamins while retention time, peak height, and peak area for each
compound were evaluated after processing each standard six times. Obtained values
were in good agreement with the set limit, but there was a need to use values related
to the internal standard.

Linearity (Table 2) was established with a series of working solutions prepared
by dilution of the stock solution in mobile phase to the final concentrations. Each
concentration was injected in triplicate and the mean value of peak area was taken
for the calibration curve. The calibration graphs involved six experimental points for

Table 2. Evaluation of separation process

Parameter Criteria A-acetate D3 E-acetate
Retention time (s) 76.75 166.93 22647
Peak resolution R>1.5 6.88 333

Peak asymmetry 0.8<T<2 1.44 1.24 1.20
Number of theoretical plates 622 2279 1710
HETP (pm) 40.93 11.11 14.62
Repeatability of tg (%0)" RSD <1 0.52 0.73

Repeatability of area (%6)" RSD <1 0.82 0.93

Inter-day precision (%)” RSD <5 1.62 3.30

Calibration range (uM) 50-150 50-150

Correlation coefficient R > 0.9900 0.9988 0.9970

Note: HETP = height equivalent of the theoretical plate.
?6 repeated injections of standard solution,
"Imer-day R.5.D. values were calculated for 6 repeated standard injections; three consecutive days.
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Figure 3. SIC chromatogram of separation of the standard sclution using Onyx™ Monolithic C18
column (25 x 4.6 mm), mobile phase acetonitrile:methanol:H>0O 20:20:1 (v/v/v), flow rate 0.9 mL min~!,

each compound (concentration range 50, 60, 80, 100, 120, and 150 pM). The
correlation coefficient was 0.9988 for vitamin A-acetate and 0.9970 for vitamin Ds.

To validate the precision (Table 3) of the method a number of six sample
solutions prepared from the same pharmaceutical formulation were analyzed con-
secutively; three injections of each preparation were used for evaluation. The results
are summarized in the form of R.S.D values (Vigantol® D; 2.52%; Vitamin AD
Slovakofarma®™ A-acetate 3.17%, D, 1.37%). Day-to-day precision (R.S.D.) values
were calculated for repeated standard injections (n = 6) and three consecutive days,
results (1.62 and 3.30% for vitamins A and D, respectively) agreed well with the limit.
Accuracy (Table 3) was evaluated by addition of known quantity of the analyte to
the drug product, calculated as a recovery of the known quantity expressed as a
percentage (Vigantol® Dj; 104.40%; Vitamin AD Slovakofarma® A-acetate
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Figure 4. SIC chromatogram of separation of the sample of Vigantol drops using Onyx™ Monolithic C18
column (25 x 4.6 mm), mobile phase acetonitrile:methanol:H.O 20:20:1 (v/v/v), flow rate 0.9 mL min~".
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Table 3. Method validation results

Pharmaceutical formulation Parameter Criteria A-acetate D
Vigantol”
Method precision (%)° RSD <3 2.52
Accuracy (%)* RSD <5 2,55
Accuracy (% recovery) 100+5 104.40
Vitamin AD”
Method precision (%}”’ RSD <5 3.17 1.37
Accuracy (%a)* RSD <5 4.25 2.51
Accuracy (%a recovery) 10045 96.40 103.60

“Vitamin Da,

bYitamin Da and A-acetate.

“6 sample preparations, three injections of each preparation.
43 sample preparations, three injection of each preparation.

96.40%, D, 103.60%) and value of R.S.D (Vigantol® Dj 2.55%:; Vitamin AD Slova-
kofarma®™ A-acetate 4.25%, D, 2.51%).

Practical Aspects of the SIC Separations

Easy transfer of separation of simple mixtures consisting of considerably differ-
ent chemical substances from HPLC to the SIC systems could be pointed out, while
monolithic columns with low resistance in reasonable range of flow rates (otherwise
problems of leaking appeared) are used. On the other hand, low flow rates in separ-
ation on monolithic columns could cause decreasing separation quality. Compro-
mise should be found to keep validation parameters in set limits and acceptable
analysis time using flow rates not generating high back pressure in the flow system
(mainly in the case of higher content of aqueous component in the mobile phase).

CONCLUSIONS

A novel low-pressure SIC method for the determination of vitamins (A-acetate,
D, or D,, and E-acetate) was developed and validated. Vitamins D, and D4 were not
separated simultaneously, but it was proved that the developed method is applicable
for analysis of formulations containing one of these two forms of vitamin D without
the need to use different separation conditions. In child drops, combinations of vita-
mins A and Dj could be found; in ointment and capsules, combinations of vitamins
A and D; are used. The SIC optimized separation with the monolithic column and
UV spectrophotometric detection was applied for the determinations of vitamin Dj;
in the pharmaceutical formulation Vigantol® and vitamins A and D, in the formu-
lation Vitamin AD Slovakofarma® capsules using vitamin E-acetate as an internal
standard.

The described method was validated using several validation parameters: peak
asymmetry, resolution, and number of theoretical plates and HETP, repeatability,
linearity, precision, and accuracy. All results were in good agreement with values
set by validation authorities.
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The SIC system compared to the HPLC shows higher versatility, lower price of
the whole analytical equipment, easier optimization, and can provide sufficient
separation of simple multi-component mixtures. Advantages of sequential injection
chromatography, which enable the decrease of volume of mobile phase and waste
generation, have also been pointed out.
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Abstract

Bevacizumab, monoclonal antibody targeting vascular endothelial growth factor, 15 effective i different tumors,
including colorectal carcinoma, non-small cell lung cancer, renal cell carcinoms and breast cancer. Increased
SEerum or urinary concentrations of neopterin, an indicator of systemic immune r sponse, have been described in
patients with tumeors of different primary locations, and further increase has been observed during anticancer the-
rapy. An increase of urinary neopterin has been described after administration of cytokines, cytotoxic chemothe-
rapy, or external beam radiation, but less is known about the effects of targeted agents on systemic irmmnune
respoase.-ﬁh’e have studied serum homocysteine, C-reactive protein, o-tocopherol and retinol, and urinary
neopterin in patients with metastatic breast cancer freated with bevacizumab, taxane and carboplatin,
Homocysteine and C-reactive protein were determined immmuncchemically. a-tocopherol, retinol and urinary
neopterin were determined by high performance liquid chromatography. Homocysteine, C-reactive protein and
urinary neopterin decreased, while retinol and a-tocopherol increased during the therapy. In conclusion, the treat-
menl of patients with metastatic breast cancer with bevacizumab, taxane and carboplatin resulted in the suppres-
sion of systemic inflammatory and immune response./The suppression of systemic inflammatory and immune
response was associaled with an increass in serum vitamin concentrations.

Key words:
Introduction

The advent of targeted agents has changed the land-
scape of medical oncology, resulting in significant
improvement of survival of patients with a wide range
of malignant disorders, including the most common
cancers, €.g. breast carcinoma. Targeted agents exert
antitumor activity through the inhibition of a defined
pathway(s) involved in cancer progression or metasta-
sis, and most agents inhibit tumor growth through
more than one mechanism, acting on multiple molecu-
lar targets. In general, targeted agents are less toxic and
better tolerated than conventional cytotoxic agents. On
the other hand, a new spectrum of side effects has
emerged. Many of these side effects have only limited

a-tocopherol; bevacizumab; C-reactive protein;, homocysteine; neopterin; retinol

immediate impact on ti.2 patients, but may lead to sig-
nificant chronic toxicity. Prominent amang these side
effects are changes in parameters determining cardio-
vascular risk, including hypertension, hyperlipidemia,
impaired glucose tolerance and hypercholesterolemia.

Administration of anticancer agents is associated
with oxidative stress. Oxidative stress plays an impor-
tant role in atherosclerosis as atherogenic potential of
serum lipids is dependent on oxidation (1) and is
affected by liposoluble antioxidants (2). Moreover,
antioxidant administration may retard atherosclerosis
(3). With the remarkable mmprovement of long-term
prognosis of patients with metastatic breast carcinoma,
chronic effects of treatment on cardiovascular systemn
may become an important consideration. Risk factors
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of atherosclerosis are complex, and along with hyper-
tension or hypercholesterolemia include high serum
concentrations of homocysteine, C-reactive protein
(CRP), neopterin or parameters of oxidative stress (4).
The effect of anticancer therapy on laboralory parame-
ters assoclated with the risk of atherosclerosis, e.g
serum lipids, has been best defined for hormonal
agents (5, 6), and less is known about the effect of tar-
geted agents or chemotherapy on serum cholesterol or
other parameters of cardiovascular risk.

Vascular endothelial growth factor (VEGF) is a
cytokine that plays fundamental role in angiogenesis
and tumor progression. VEGF also represents an
important therapeutic target, and the monoclonal anti-
body against VEGF, bevacizumab, is currently compo-
nent of standard combination therapy in different
tumors, including metastatic colorectal carcinoma,
non-small cell lung carcinoma, renal cell carcinoma
and breast carcinoma (7-9). With regard to risk factors
of atherosclerosis, VEGF inhibition causes hyperten-
sion {10) and proteinuria (11). Less is known about the
effects of VEGF inhibition or combination therapy on
serum parameters indicative of the risk of atheroslero-
sis. Recently, we have described a decrease of serum
cholesterol, hemocysteine and CRP concenirations and
increased serum retinol in patients with metastatic col-
orectal carcinoma treated with bevacizurnab combined
with oxaliplatin, folinic acid and 5-fluorouracil (12). In
patients treated with combination therapy, it is difficult
to discern the effect of targeted agent and cytotoxic
chemetherapy. Evaluation of the combination of tar-
geted agent with different cytotoxic drugs could be
helpful to understand the effects of both therapeutic
components.

In the present study, we have evaluated urinary
neopterin, serum CRP, a-tocopherol, retinol and
homocysteine during therapy with bevacizumab com-
bined with taxanes and carboplatin in patients with
metastatic breast carcinoma.,

Material and Methods

Ten patients with metastatic breast careinoma, aged
48 + 14 (range 30 - 72) years, were included in the
study. The patients were treated with combination of
bevacizumab (10 mg/kg) every two weeks, and pacli-
taxel (50 mg/m®) and carboplatin (area under the curve
2) every week. In one patient allergic to paclitaxel,
weekly docetaxel (40 mpg/m?®) was used. In all patients,
neopterin determination was performed in urine sam-
ples after the patient consent before and during thera-
py-
Blood samples were taken before the start of thera-
py and on weekly visits during the treatment.

Ptertdines/Vol. 21/No. 4

Hemoglobin was measured by a photometric methed
with sodium lauryl sulfate using a Sysmex XE-2100
blood analyzer (Sysmex, Kobe, Japan). Homocysteine
concentration was determined immunochemically
(Immulite 2000, Siemens Healthcare Diagnostics,
Deerfield, IL, USA)Y. CRP and uric acid were deter-
muned using particle-enhanced mmunoturbidimetric
assay and uricase method, respectively, as commer-
cially available on MODULAR analyzer (Hoffmann-
La Roche, Basel, Switzerland).

Serum o-tocopherol and retinol were determined
before and during the therapy using high performance
liquid chromatography as described (13). Blood sam-
ples were drawn from a peripheral vein after an
overnight fast. The samples were transferred imnmedi-
ately to the laboratory, centrifuged (2000 x g, 10 mi-
nutes, 4°C), the serum was separated and frozen at
-20°C until analysis. In the liquid-liquid extraction
procedure, 500 pL of serum was de-proteinized by
cool ethanol denatured with 5 % methanol (500 puL, 5
minutes, 4°C). Subsequently, 2 500 pL of n-hexane
was added to this mixture and extracted for 5 minutes
by a vortex apparatus. After centrifugation (2000 x g,
10 minutes, 0°C), the aliquot (2 000 pL) of the clean
extract was separated and evaporated in an AD 5301
concentrator (Eppendorf, Hamburg, Germany, 45°C).
The residue was dissolved in 400 uL methanol and
analyzed by reversed-phase high performance liquid
chromatography using the external standard calibra-
tion. The analyses were. performed using the Perkin
Elmer high performance liquid chromatography set
(MNorwalk, CT, USA) comprising a LC 200 pump, aLC
200 autosampler, LC Column Oven 101 thermostat
and L.C 235C Diode Array Detector attached to the
Perkin Elmer Turbochrom Chromatography Work-
station version 4.1. Separation of a-tocopherol and
retinol was performed using the Chromolith
Performance RP-18e, 100 x 4.6 mm monolithic
columns (Merck, Dammstadt, Germany). As the mobile
phase 100 % methanol was used at the flow rate of 2.5
mlL.min? and celumn pressure 3.3 MPa. The block
heater LC Oven 101 (Perkin Elmer) was utilized to
keep the analytical colunm temperature at 25°C. The
injection volume was 50 pL. The detection of a-toco-
pherol and retinol was carried out at 295 nm and at 325
nm, respectively. ’

Early urine samples were collected and stored at -
20°C until analysis. Urinary neopterin was determined
using modification of the method described earlier
(14). After centrifugation (45 seconds, 12000 x g) and
diluting 100 pl of urine specimens with 1.0 ml of
mobile phase containing 2 g of disedium-EDTA per
liter, the samples were fillered using Microtiter,
AcroPrep 96 Filter FPlate 0.2 pm/ 350 ul, Pall Life
Science (Ann Arbor, MI, USA) and Vacuum manifold
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(Pall Life Science), and then injected onto a column.
Neopterin was determined using high performance li-
quid chromatography system Prominence LC20
(Shimadzu, Kyoto, Japan) composed from Rack
changer/C - special autosampler for micro titration
plates, Degasser DGU-20A3, 2 Liquid chromatograph

Results

At baseline, mean CRP and neopterin concentra-
tions were above, hemoglobin, retincl and a-toco-
pherol were below, and homoeysteine and uric acid
were within (Table 1) the nonmal range observed in

Table 1.: Homocysteine, C-reactive protein, uric acid, relinol, alpha-tocopherol and urinary neopterin during the

therapy
visit  time n hemoglobin homocysteine  CRP (mg/l.)  uric acid 1eting] alpha- neopterin
(days) (g/L) (pmol/L) (umol/L) (umol L) tocopherol {pmolfmol
i {pmol/L3y oreatinine)
1 00 10 12717 127+ 4.1 38 £ 56 234 + 80 1.05+:0.45 2007 £ 3.2 223 +89
2 T+0 10 125+19 10.8 £2.5 27447 218+ 74 1.30+0.42% 226+48 182 +70%
3 141 10 123 £ 17% 106 +2.7 10 +£13* 204 £ 48 1.44£039% 21.8+49 250x77
4 23x3 8 120 £22 10,94 3.0 54 4% 240 + 56 1.58+:042% 256423 146 £ 55%
5 3144 8 117 +£13% 12.2%3.2 0x9 219436 1.34+0.46 23.8x44 191 £ 65
6 38+4 3] 114 +£14* 102+1.9 810 198 %37 1.16+ 027 19.8+3.8 201 +78
7 47k 4 8 114 +15 93£25% 1117 208 £39 1.24 + 0.33 23.1+3.1 250495
8 5443 7 " 110+ 12% 102235 T£9* 245 £53 1.20+0.50 22022 167 £ 49
9 637 g 112+ 14 9.8x3.7 8 £ 6* 204 £30 1.35+0.55 23. 4 47% 256 70
10 T0£7 7 c 112 £ 15% 0.5+ 2.7% 55 22070 1.36:|:9.51 220435 20225
11 82411 & 112410 10,029 T+ 11%* 232+34 1.31 £0.64 221443 193+ 45
12 84 %15 8 114 +6* 9. 7+£3.0 T 229 44 1.51 =047 245+ 2.9 2104110
13 102£16 6 110£9% 9.7£28 6:£5 258+ 70 1302050 23,0+ 4.0 274 146
14 10918 8 110 +12% 9.5£3.9 12+18 241 57 1.22 2 0.30 228+29 23373
15 11618 5 1187 93+3.0 T+6 21233 1.31:40.33 242x48 256 £ 97

Shown are the mean 4 standard deviation.* p < 0.05,

Pumps L.C-20 AB, Auto sampler SIL-20 AC, Column
Oven CTO-20AC Thermostat, Fluorescence detector
RF-10AXL, Diode array detector SPD-M20A and
communications bus module CBM-20A. Phosphate
buffer 15 mmol/L, pH 6.4, with flow rate 0.8 ml/min
was used as mobile phase. Separation was performed
using hybrid analytical column Gemini Twin 5p, C18,
150 = 3 mm (Phenpmenex, Tomance, CA USA) at
25°C, injection volurne was 1ul. Neopterin was iden-
tified by its native fluorescence (353 nm excitation,
438 nm emission wavelengths). Creatinine was moni-
tored simultaneously in the same urine specimen with
dicde array detector at 235 nm. Time of analysis for
urine necpterin and creatinine was 10 minutes and the
analytes were quantified by extemal standard calibra-
tion. The neopterin concentrations were expressed as
neopterin to creatinine ratio {punol/mol creatinine).

Differences during therapy were evaluated using the
Wilcoxon paired test. Correlations were examined
using Spearman's rank correlation coefficient. The sur-
vival of patients was analyzed by the Kaplan-Meier
method, and survival of patients with laboratory
parameters below or above median was compared by
the log-rank test. The decision on statistical signifi-
cance was based on p = 0.05 level. The analyses were
performed using NCSS software (Number Cruncher
Statistical Systems, Kaysville, UT, USA).

|

|

healthy subjects or patients with early breast carcino-
ma (15).

Compared to pre-treatment (baseline) concentra-
tions, homocysteine, CRP and urinary neopterin
decreased, while retinel and o-tocopherol increased
during the therapy. A gradual decrease of hemoglobin
concentrations was also observed. Serum uric acid
concentrations remained constant. Statistically signifi-
cant (p < 0.05) decrease was observed for serum
homocysteine at visits 7 and 10, for CRP at visits 3, 4,
8, S and 11, and for urinary neopterin concentrations at
visits 2 and 4 (Table 1. Retinol concentrations were
significantly increased at visits 2 through 4 and
a~tocopherol was significantly increased at visit 9.
After 4 months, only 5 patients were still on treatment
and evaluable, ;

Significant correlations between the parameters
investigated were observed. At visit 1, a significant
negative correlation was cbserved between CRP and
hemoglobin (r; = -0.72; p < 0.05; Figure 1), at visit 2
significant negative correlation were observed
between CRP and retinol (r, = -0.76; p < 0.05), CRP
and a-tocopherol (r; = -0.67; p < 0.05), and a signifi-
cant correlation was observed between retinol and a-
tocopherol (r; = 0.72; p < 0.05). A significant negative
correlation between retinol and CRP (r, = -0.75, p <
0.05) and a positive cdr'j_'e]ation between a-tocopherol
and hemoglobin (r; = 0.81; p < 0.05) were also
observed at visit 3. No other significant cormrelations
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cysteine may behave as a tumor marker, and a decrease
in homocystemne concentrations observed in eancer
patients may reflect tumor control by the therapy.
Present data demonstrating a decrease of CRP and
neopterin indi¢ate suppression of systemic inflamma-
tory and immune response during therapy with beva-
cizumab and cytotoxic agents. Patients with advanced
cancer have laboratory evidence of activation of acute
phase response. CRP is the parameter most widely
used to assess acute phase response. CRP concentra-
tions are alsc increased in the serum of patients with
atherosclerosis, and elevated serum CRP levels predict
the risk of future cardiovascular events (23-25).
Increased urinary neopterin concentrations m cancer
patients are also well documented (26, 27), An increase
of serum or urinary neopterin has been described after
systemic administration of different cytokines (26) or
after chemothtrapy (28, 29), but there is so far only
limited information about neopterin in patients treated
with targeted agents. Similarly to CRP, urinary
neopterin is increased in atherosclerosis and predicts
the risk of cardiac events (30). In patients with tumors
of different primary locations, increased serurn or uri-
nary neopterin concentrations were associated with
poor prognosis (16, 26, 27). In earlier studies, correla-
tions were observed between lower numbers or
impaired function of lymphocytes or dendritic cells
and neopterin concentrations (31-34). Thus, increased
neopterin concentrations are thought to reflect immune
dysregulation (26), similar to CRP, and both these lab-
oratory paranieters reflect disease activity, As in the
case of howmeocysteine, decreased concentrations of
neopterin or CRP may be the result of tumer control
and, 1 addition, could reflect an environment meore
favorable for host immune response against the tumor,
The decrease of nflammatory response reflected in
lower CRP and neoptenn concentrations was in the
present cohort of patients associated with increased
concentrations of retinol and a-tecopherel, Vitamin E
represents major antioxidant in the serum (35). The
term vitamin'E denctes several naturally ocowrring
tocopherols and teocotrienols, but a-tocopherol is
responsible for most of vitamin E activity in animal tis-
sues. Disorders of antioxidant balance involving vita-
min E may also be thought to be involved in the toxic-
ity associated with radiotherapy (36), or chemotherapy
(37). In general, a decrease in serum o-tocopherol has
been reperted during systemic chemotherapy (38-41).
Retinol is a major circulating form of vitamin A that
has also antioxidant activity and plays an essential role
in many physiological functions, including vision,
growth, development and differentiation, and immune
response (33} Serum concentrations of a-tocophero]
and retinol arg significantly decreased in patients with

advanced cancer (42, 43), and it has been demonstrat-
ed earlier that this decrease correlales with the sys-
temic inflammatory response (42, 44). It has been
demonstrated earlier that an effective anti-tumor thera-
py could result in incréased serum retinol and a-toco-
pherol concentrations (12, 45), and the suppression of
inflammatory responsc lLias been invoked as a possible
explanation of this phenomenon. Significant negative
correlation was observed in the present cohort between
CRP and retinol concenirations. In an earlier study,
negative correlation was also observed between
neopterin and a-tocopherol (46). The absence of such
correlation in the present cohort may be explained by
the low number of patients examined. An increase of
dietary vitamin intake could also result in higher
retinol or a-tocopherol concentrations. However, the
rise of serum retinol was observed already one week
after the start of treatment that is emetogenic and
would acutely results m a decrease of food intake.
Because of the timing of the increase and the consis-
tent presence of negative correlation between CRP and
retinol, the suppressior of systemic inflammatory
response resulting frery tumor control appears as a
likely cause of the increased serum retinol concentra-
tions observed in the present study.

In conclusion, serum homocysteine, CRP and uri-
nary neopterin decreased while retinol and a-toco-
pherol increased in metastatic breast cancer patients
during treatment with bevacizumab and chemotherapy.
Present data demonstrate that the treatment may have
also favorable effects cn the risk of atherosclerosis.
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Figure 1.: Correlation between baseline C-reactive
protein (CRP) and hemoglobin concentrations (rs = -
0.72; p < 0.05; note log-scale of CRF concentrations!)

between the parameters investigated were observed,

Two patients were alive at the time of the analysis,
more than two years after the start of treatment. The
survival of these patients was censored at 930 days.
Days of survival calculated from the sample date sig-
nificantly ocorrelated at wvisit 1 with hemoglobin
(r;=0.74; p < 0.03), a-tocopherol (r,=0.84; p <0.005)
and inversely with CRP (r, = -0.73; p < 0.05). Survival
calculated from visit 2 correlated with hemoglebin
(rs = 0.67: p < 0.05), a-tocopherol (r, = 0.75; p < 0.05)
and negatively with CRP (r, = -0.88; p < 0.001). The
survival (calculated from the sample date) of patients
with serum a-tocopherol above median at visit 1 (19.4
pmol/L) was significantly longer compared to patients
with serum a-tocopherol below the median (median
910 vs. 293 days, p < 0.05). The survival of patients
with serum a-tocophercl above median at visit 2 (23
mol/L) was also longer {median 903 vs. 286 days,
p < 0.05) as was the survival of patients with CRP
below median (5 mg/L) at this visit (median 903 vs.
309 days, p < 0.05).

Discussion

As expected, patients with metastatic breast cancer
had CRP and neopterin concentrations above as well as
hemoglobin, retinol and a-tocopherol concentrations
below the wvalues observed in healthy subjects or

Pteridines/Vol. 21/No. 4

patients with early breast carcinoma (15). The finding
of higher urinary neopterin concentrations is in line
with earlier studies reporting increased urinary
neopterin in patients with metastatic breast cancer
(16). Increased urinary neopternin concentrations were
also reported to represent an independent prognostic
indicator for overall survival in patients with breast
cancer (16).

In the present study, we have observed a decrease of
serum homocysteine, CRP and urinary neopterin as
well as an increase of serum retinol and a-tocopherol
in patients with metastatic breast carcinoma treated
with the combination of bevacizumab, taxane and plat-
inum. The number of pdtients was limited angd so was
the power to detect sigmificant differences during the
treaiment. Nevertheless, statistically significant differ-
ences demonstrating a decrease in systemic inflamma-
tory and immune response and serum homocysteine
were evident even in a cohort of limited size. From a
point of view of risk factors of atherosclerosis, the
present analysis indicates that besides unfavorable
effects on hypertension or proteinuria, combined treat-
ment with bevacizumab also has favorable effects on
laboratory parameters associated with the risk of ather-
osclerosis. However, because of limited number of
patients included in the present investigation the
results have to be regarded as only exploratory. In
future studies, the effect of bevacizumab in combina-
tion with chemotherapy. on systemic immune activa-
tion should be assesses un a larger patient cohort.

Speanman's rank correlation is usually not used to
study association between laboratory parameters and
survival, and the present analysis with 2 patients being
still alive at the time of analysis must also be regarded
as exploratory. Prognostic significance of o-toco-
pherol was also indicated by the results of the standard
log-rank test. These results indicate possible prognos-
tic significance of hemoglobin, CRF and a-tocopherol
in this group of patients that should be confirmed using
standard statistical methods in a larger cohort.

Only a slight decrease of serum homocysteine was
observed in the present cohort. A decrease of serum
homocysteine and CRP has been recently reported in
patients with metastatic colorectal carcinoma treated
with the combination of bevacizumab, oxaliplatin, 5-
fluorouracil and folinic acid (12). Homocysteine is an
intermediate in the: metabolism of methionine.
Increased serum concentration of homocysteine may
be caused by a deficiency of folate or vitamin B12.
Increased homoeysteine concentrations are a well
established risk factor of atherosclerosis and thrombo-
sis (17, 18). Hyperhomocysteinemia has also been
documented in cancer patients (19-21). Homoocysteine
may be produced by both tumor cells as well as acti-
vated leukocytes (22). In cancer patients, serum homo-
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Abstract

Measurement of intestinal permeability represents one of the potential methods of noninvasive laboratory assessment of
gastrointestinal toxicity of anticancer therapy. We have assessed intestinal permeability (by measuring absorption of lactu-
lose, mannitol, and xylose), vitamin A absorption and serum alpha-tocopherol in patients with non-small cell lung carci-
noma or head and neck carcinomas treated with gefitinib. Lactulose, mannitol and xylose were determined by capillary
gas chromatography, and retinol, alpha-tocopherol, retinyl stearate and retinyl palmitate were determined by high-perform-
ance liquid chromatography. Compared to healthy controls, patients had significantly increased lactulose/mannitol ratio
and lower postprandial retinyl palmitate and retinyl stearate concentrations. Compared with pre-treatment values, xylose
absorption was decreased and lactulose/mannitol and lactulose/xylose ratios were increased during the therapy. A significant
decrease of serum alpha-tocopherol was evident throughout the course of therapy. In contrast, only minor alterations of
vitamin A absorption were observed. In conclusion, an alteration in intestinal permeability reflected in increased lactulose/
mannitol and lactulose/xylose ratios was observed during gefitinib therapy. Potential association between decreased serum
alpha-tocopherol concentrations and the toxicity of gefitinib therapy should be further investigated.

Key Words: Lacnlose, retinol, vitamin E, xylose

Introduction . . C e
Gastrointestinal toxicity is, in general, one of the

Inhibitors of epidermal growth factor receptor most common side effects of anticancer therapy.

(EGFR), including low molecular weight inhibitors
erlotinib and gefitinib, have significant activity in a
wide range of malignant tumors [1]. Encouraging
data have been reported for gefitinib in the therapy
of non-small cell lung carcinoma [2-4] and head and
neck carcinomas [5]. The therapy with EGFR inhib-
itors is generally well tolerated, but, similarly to other
biological agents, EGFR inhibitors have a peculiar
toxicity profile that reflects multiple physiological
roles of the receptor and its endogenous ligands. Skin
toxicity is the most important side effect of EGFR
blockade [6,7], but gastrointestinal toxicity is also
very common in patients treated with anti-EGFR
agents, including gefitinib [4,8].

The symptoms of gastrointestinal toxicity result from
the damage to the gastrointestinal mucosa induced by
anticancer agents, and depending on the part of the
gastrointestinal tract affected, gastrointestinal toxicity
manifests as sore mouth, dysphagia, dyspepsia, diar-
rhea, abdominal cramping, or rectal bleeding. In con-
rrast to the toxicity affecting other organ systems that
can be usually strictly defined by changes of labora-
tory parameters, the diagnosis and evaluation of the
gastrointestinal toxicity is still mostly dependent on
the assessment of symproms reported by the patient.

Intestinal permeability describes the barrier func-
tion of bowel mucosa separating the internal milieu
from the outside environment [9], and measurement
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Table I. Characteristics of the patients.

Duration of gefitinib

Patient Sex Age (vears) Diagnosis Previous antiumor therapy treatment (months)
1 M 67 NSCLC pacl +carbo+ VP +clodr 15
2 F 54 NSCLC pacl +carbo 19
3 M 60 NSCLC gem +DDP 35
4 M 62 NSCLC EBR; pacl+carbo 12
5 F 49 NSCLC EBR; gem+DDP; doc 4
6 M 66 NSCLC EBR; gem+carbo 2
7 F 54 NSCLC pacl+DDP+MMC +ifo 4
8 M 42 NSCLC vin +ifo+ DDP+ clodr 1
9 M 50 NSCLC EBR; gem+DDP 1
10 M 71 NSCLC gem +DDP; vin + DDP 21
11 F 60 NSCLC doc+DDP; gem+DDP 1
12 M 61 NSCLC pacl +carbo 5
13 M 47 NSCLC EBR; gem+DDP; doc 3
14 M 57 NSCLC EBR; gem+ carbo 7
15 M 48 HNC EBR; pacl+carbo 5
16 M 50 HNC EBR; pacl+carbo 10
17 M 63 HNC EBR; pacl+carbo 1
18 M 51 HNC EBR; doc 10
19 M 67 HNC EBR; pacl+carbo 3
20 M 51 HNC EBR; pacl+carbo 7
21 M 39 HNC EBR; pacl+carbo 2

Carbo, carboplatin; clodr, clodronate; DDP, cisplatin; doc, docetaxel; EBR, external beam radiation; F, female; gem, gemcitabine; HNC,
head and neck cancer; ifo, ifosfamide; M, male; MMC, mitomycin C; NSCL, non-small cell lung cancer; pacl, paclitaxel; vin, vinorelbine;

VD, etoposide.

The results obtained in patients and controls
were compared by Mann-Whitney U test, measure-
ments before and during the treatment was com-
pared by Wilcoxon signed rank test. The decisions
regarding statistical significance was based on p=0.05
level. The analyses were performed using NCSS soft-
ware (Number Cruncher Statistical Systems,
Kaysville, Utah, USA).

Results

Compared to controls, patients had significantly
higher xylose and lactulose absorption and signifi-
cantly increased lactulose/mannitol ratio (Table II).
No difference in the parameters of intestinal perme-
ability was observed between patients with non-small

cell lung carcinoma or head and neck carcinomas
(data not shown). Significant changes in the param-
eters of intestinal permeability were observed dur-
ing gefitinib therapy. The number of patients studied
obviously decreased with the course of time. After
5 months of therapy, only 9 patients remained on
medication, precluding further statistical evaluation.
When evaluated at intervals of 14-28 days, a sig-
nificant decrease in xylose absorption was evident
compared to baseline throughout the course of ther-
apy with the exception of the last visit. A decrease
in mannitol absorption was evident only at visits 2
and 3 approximately 3 and 5 weeks after the start
of therapy. Mannitol excretion was sometimes not
evaluable during the course of therapy because of
high background mannitol concentrations. Lactulose

Table II. Intestinal permeability in controls, patients and during therapy with gefitinib.

p (controls
Controls  vs. patients) Parients

Visit 1 (baseline) 2 3 4 5 6 7
Time from NA 0 18£2 34%2 604 907 107x6 134 *6

the start

of therapy

(days)
i 10 20 19 17 15 13 12 11
Kylose (%) 13.8x1.7 0.005 243+27 15.8*+1.6" 11.7+1.9" 14.7+2.6" 13.4+1.8° 13.8+24" 16.7x2.4
Mannitol (%) 18.2%1.3 0.08 16.0+2.2 10.2+1.3" 8.5+2.0° 11.4=2.7 9.2*1.7 10.5*1.8 9.7x1.4
Lactulose (%) 0.32+0.02 0.02 0.73*=0.17 0.67*x0.12 0.64*0.12 0.88*0.20 0.67+0.15 0.93*0.17" 0.93+0.20°
LAMA ratio  0.02+0.003 0.003 0.06+0.01 0.15+0.07° 0.18+0.06° 0.10+0.02° 0.10£0.03 0.10*0.02° 0.22+0.15"
LAXY ratio 0L.02=0.003 0.85 0.03+0.01 0.05+0.01° 0.17+0.08°§ 0.07=0.02° 0.06%0.02° 0.08 £0.02° 0.08+0.03"

Shown is the mean * standard error of the mean. *p << 0.05 compared to baseline; % << 0.05 compared to visit 2. NA, not applicable.



excretion was increased only late during the course
of treatment at visits 6 and 7, but lactulose/mannitol
ratio was increased throughout the course of therapy
with the exception of visit 5, and lactulose/xylose ratio
was increased at every visit after the start of therapy.
Lacrulose/xylose ratio was also significantly higher at
visit 3 compared to visit 2, but apart from the ini-
tial increase, no clear trend was evident in lactulose/
mannitol or lactulose/xylose ratios during the obser-
vation period. Six patients were followed for more
than 6 months, and no incremental trend of lactu-
lose/mannitol and lactulose/xylose was observed in
these patients beyond the initial rise. In one patient,
the intestinal permeability could not be determined
at the first visit because of insufficient urine collec-
tion of the patient, and this patient did not report for
subsequent visits. In two patients, high background
mannitol concentrations precluded baseline determi-
nation of mannitol absorption.

Serum alpha-tocopherol was not significantly dif-
ferent in patients compared to controls. No differ-
ence in serum alpha-tocopherol was observed
between patients with non-small cell lung carcinoma
or head and neck carcinomas (data not shown). On
the other hand, a significant decrease in serum alpha-
tocopherol was evident at the first visit after the start
of therapy and continued throughout the course of
treatment (Table ITI).

A marked and statistically significant difference was
observed in postprandial retinyl palmitate and retinyl
stearate concentration and in the postprandial increase
of these esters between patients and controls (Table IV).
In contrast, no significant changes were observed in
the fasting or postprandial retinol concentrations, with
the exception of decreased retinyl palmitate and retinyl
stearate concentration observed at visit 2. No differ-
ence in vitamin A absorption was observed between
patients with non-small cell lung carcinoma or head
and neck carcinomas (data not shown).

Discussion

To the best of our knowledge, the present data are
the first to suggest an effect of EGFR blockade on
intestinal permeability and serum alpha-tocopherol.
A marked decrease of xylose absorption and an
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increase of lactulose/mannitol and lactulose/xylose
ratio were observed during gefitinib treatment. No
clear association was observed between the increase
of intestinal permeability parameters and duration of
gefitinib therapy. However, the absence of an asso-
ciation between duration of treatment and intestinal
permeability may be obscured by the possible nega-
tive selection resulting from patient drop-out. A sig-
nificant decrease of alpha-tocopherol was observed
throughout the course of treatment, but significant
changes in the parameters of vitamin A absorption
were observed only at the visit approximately 3 weeks
after the start of therapy.

The results of this study indicate the presence of
alterations of gut function reflected in perturbations
of both intestinal permeability and absorptive func-
tion in patients with non-small cell lung cancer or
head and neck cancer even before the start of therapy
with gefitinib. An increase of intestinal permeability
(e.g. an increase of disaccharide/monosaccharide
ratio) or a decrease in xylose absorption in cancer
patients before the start of chemortherapy has been
reported by other investigators [12,24]. The differ-
ences in baseline parameters of gut function in
patients compared to controls could be explained
partly by an association of increased intestinal per-
meability with malnutrition [25] that is frequent in
patients with advanced tumors, specifically in patients
with head and neck carcinomas or non-small cell
lung carcinoma. Moreover, all patients had received
earlier chemotherapy and some other therapies, e.g.
bisphosphonates, known to affect intestinal perme-
ability. The significance of increased xylose absorp-
tion in cancer patients compared to controls is
uncertain as the evaluation of single-sugar absorp-
tion may be unreliable because of the possible effect
of pre- and post-absorptive factors.

The principle of differential urinary excretion
that represents the theoretical basis of the methods
of intestinal permeability evaluation using a mono-
saccharide/disaccharide ratio presumes that pre- and
post-absorptive factors have an equal effect on both
the disaccharide (in our case lactulose) and mono-
saccharide (in our case mannitol or xylose) excretion
[26],but there are experimental [27] as well as clinical
[28] data indicating limitations of this concept. While

Table III. Serum alpha-tocopherol in controls, patients and during therapy with gefitinib.

p (controls
Conrtrols  vs. patients) Parients

Visit 1 (baseline) 2 3 4 5 6 7
Time from the NA 0 18+2 342 60*4 907 107x6 134*6

start of

therapy (days)
n 21 19 18 15 12 11 12
Alpha-tocopherol 26.4*1.5 0.53 25620 21.8*1.1° 19.2x1.1* 204*2.1° 195*24" 185*28" 17.8x17

(umol/T)

Shown is the mean *standard error of the mean. *p < 0.05 compared to baseline. NA, not applicable.

146



184  B. Melichar et al.

Table IV. Vitamin A absorption in controls, patients and during therapy with gefitinib.

p (controls

Controls vs. patients)

Patents

Visit 1
Time from NA
the start
of therapy
(days)
n
Retinol
pretest
(pmol/l)
Retinol
posttest
(umol/T)
Retinol
increase
(Hmol/T)
Retinyl
palmitate
pretest
(umol/)
Rerinyl
stearate
pretest
(umol/)
Retinyl
palmirtate
posttest
(umol/T)
Retinyl
stearate
posttest
(pumol/Ty
Retinyl
palmitate
increase
(pumol/Ty
Retinyl
stearate
increase

(umol/l)

20
1.95x£0.22

19

2.00£0.14 2.07x0.22

2.42x0.17 0.30 2.22x0.25 2.25x=0.22

0.42%0.13 0.16 0.26x0.09 0.16x0.13

0.21x£0.08 0.37 1.19*0.75 0.23*=0.07"

0.33x0.07 0.85 0.69=0.34 0.38=0.06

25.09%6.68 0.01 9.97%£3.95 5.78%2.11°

10.97x2.80 0.01 3.89+1.32 2.17x0.75"

22392649 0.03 8.77=x3.62 5.55x2.07

9.57x2.72 0.04 3.21*1.13 1.79=0.75"

4
60x4

6
107x6

7

34%2 90x7 134*6

17
1.71x0.21

15
1.62£0.23

11
1.68£0.21

11
1.89 £0.32

11
1.73x0.33

2.01x0.22 1.74x0.22 1.95%£0.24 1.94*0.30 2.00x0.42

0.30£0.08 0.12£0.06 0.27=0.09 0.06X£0.07 0.19£0.07

0.39x0.09 0.15x0.07 0.34%=0.14 0.50x0.20 0.37x0.16

0.20*x0.07 0.24x0.05 0.23%=0.10 0.30*0.12 0.30x0.11

7.14%£3.54 6.51£2.47 8.27x3.50 6.68£3.82 8.64%x3.40

3.21£1.58 2.41X£0.97 334x1.44 296X1.68 3.31%1.27

6.75x£3.60 6.35x2.50 7.93X3.57 3.33Xx0.20 6.50x3.87

2.92x1.61 2.17x0.97 3.11X1.47 0.18x3.82 2.49%1.43

Shown is the mean * standard error of the mean. *p << 0.05 compared to baseline

pre-absorptive factors, e.g. intestinal transit time,
probably have no effect on monosaccharide/disac-
charide ratio [27], important differences could be
observed in renal handling resulting in the alteration
of monosaccharide/disaccharide ratio [27,28]. None
of the patients in the present cohort had overt renal
disorder, but subclinical renal dysfunction could
partly explain the differences observed between
patients and controls. On the other hand, serum
creatinine was stable during the observation period
in all patients studied, and changes in renal function
could therefore not explain the marked alterations
of intestinal permeability parameters observed. Man-
nitol excretion was sometimes not evaluable because
of high background mannitol concentrations, and
lactulose/xylose ratio may thus be more reliable to
assess the changes of intestinal permeability because
it circumvents this problem by using xylose as refer-
ence monosaccharide.
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. NA not applicable.

Gastrointestinal toxicity has been reported after
the administration of most cytotoxic or targeted
biologic agents, including gefitinib. In a randomized
study, diarrhea, the most prominent gastrointestinal
side effect, was observed in 35% of patients treated
with gefitinib (250 mg/day) compared with 25% of
patients treated with docetaxel [4]. In a random-
ized trial in patients with head and neck carcinomas
the rate of diarrhea in patients treated with gefitinib
at the dose of 500 mg/day was 39% compared to
12% in patients treated with methotrexate [26]. In
a cohort of patients with non-small cell lung cancer
and poor performance status treated with gefitinib
the incidence of diarrhea was 44% [8]. An increase
of intestinal permeability has been described after
administration of different cytotoxic drug or com-
bination regimens [11-14]. An association has been
observed between increased intestinal permeability
and gastrointestinal side effects of chemotherapy,



e.g. diarrhea [14], but in most patients an increase
of intestinal permeability indicates only subclinical
damage to the gut mucosa. The data on the effect
of targeted agents on intestinal function are limited.
The significant increase of lactulose/mannitol and
lactulose/xylose ratios observed in the present study
indicates that intestinal damage is prevalent dur-
ing the treatment with gefitinib, in agreement with
clinical data demonstrating relatively high rates of
gastrointestinal toxicity [4,8,29]. In an earlier study,
gastrointestinal transit has been demonstrated to
influence the pharmacokinetics of gefitinib [30].
Gefitinib absorption was not assessed in the pres-
ent study, but future investigations should address
whether changes in intestinal permeability result-
ing from chronic drug administration could have an
effect on gefitinib absorption and pharmacokinetics,
with possible implications for activity of the drug.

Compared to intestinal permeability, a predomi-
nantly passive process, vitamin A absorption assesses
a different aspect of gur funcrion, active uptake of
nutrients. As a single parameter test, vitamin A
absorption is more affected by pre- and post-absorp-
tive factors. Only a few studies have evaluated vita-
min A absorption and intestinal permeability in the
same cohort of patients in patients with chemother-
apy-induced diarrhea [15]. In an earlier report,
increased lactulose/mannitol ratio was associated
with decreased postprandial retinyl ester concentra-
tions [15]. Vitamin A absorption is a complex multi-
step process that encompasses the hydrolysis of
ingested retinyl esters by pancreatic and intestinal
brush border lipases, uptake and re-esterification of
free retinol by enterocytes, incorporation of retinyl
esters into chylomicrons and release into circulation
[31]. In the present study, vitamin A absorption was
not significantly affected by gefitinib therapy, but,
given the wide range of values of postprandial retinyl
ester concentrations, the number of patients exam-
ined was probably too small to exclude an effect of
therapy on absorptive function. The processing in the
gastrointestinal tract of vitamins A and E is very
similar, but the absorption of vitamin E is less effi-
cient compared to vitamin A [32]. Because of this
less efficient absorption, vitamin E absorption may
be more sensitive to disturbances of gut function,
and a decrease of alpha-tocopherol could manifest
even if vitamin A absorption is within the normal
range. Moreover, in an experimental study, epider-
mal growth factor has been shown to affect the
expression of alpha-tocopherol transfer protein [33],
but the exact mechanism of the decrease of alpha-
tocopherol in patients treated with gefitinib remains
to be determined.

The finding of decreased serum alpha-tocopherol
concentrations during gefitinib treatment is another
observation of potential interest with regard to the
toxicity of this targeted drug. Ithasbeen demonstrated
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that serum concentrations of alpha-tocopherol are
decreased in patients with advanced cancer [34-36],
and both a decrease [37—40] as well as an increase
[41] were described during cytotoxic chemotherapy.
Low vitamin E intake or serum concentrations have
been associated with toxicity of chemotherapy
[41,42], and vitamin E administration has been
shown to alleviate side effects of radiation or chemo-
therapy [18,20]. The decrease of vitamin E has also
been linked to skin disorders [43]. Alpha-tocopherol
is a major skin antioxidant [43], and lipid peroxida-
tion is thought to play an important role in the patho-
genesis of acne [44]. Alpha-tocopherol is secreted
through sebaceous glands, and high concentrations
are observed in the outer skin layers [45]. It is pos-
sible that the decrease of serum alpha-tocopherol
observed during gefitinib therapy may play a role in
the skin toxicity induced by this drug that may man-
ifest as acneiform rash, xerosis, paronychia, hair
changes or telangiectasia [6,7]. Further studies on a
larger cohort of patients treated with ant-EGFR
agents should investigate the association between
skin toxicity and changes in vitamin E levels as well
as the possibility of intervention by systemic or top-
ical administration of this vitamin.

In conclusion, an alteration of intestinal perme-
ability reflected in an increased lactulose/mannitol
ratio was observed in patients treated with gefitinib.
Serum alpha-tocopherol concentrations decreased
during gefitinib therapy. The relation of the decrease
of alpha-tocopherol to the toxicity of EGFR inhibi-
tors should be further investigated.
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Abstract. Background: Targeted agents present with a new
spectrum of side-effects, including toxicities that negatively
impact the risk of arherosclerosis. The aim of the present
study was to evaluate the effect of the combination of targeted
therapy and chemotherapy on serum homocysteine and other
laboratory parameters of cardiovascular risk in patients with
metastatic colorectal carcinoma. Patients and Methods:
Thirty-one patients with metastatic colorectal carcinoma
treated with the combination of bevacizumab, oxaliplatin, 5-
Sfluorouracil and leucovorin were studied before and during
the therapy. Results: Serum homocysteine decreased
significantly throughout the course of treatment. Total
cholesterol and low-density lipoprotein cholesterol also
decreased significantly during the first month of therapy. In
contrast, serum retinol significantly increased during the
second and third months of treatment. A significant increase
in glycosylated hemoglobin was also observed. After an
initial rise, serum C-reactive protein (CRP) and
carcinoembryonic antigen (CEA) were significantly lower
compared to baseline throughout the course of treatment.
Serum ferritin increased throughout most of the course of
freatment. A significant correlation was observed between
CRP and high-density lipoprotein cholesterol, retinol, ferritin,
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and CEA. CEA correlated with hemoglobin, retinol, and
ferritin. Retinol correlated significantly with hemoglobin.
Conclusion: Tumor control, reflected in lower CEA, resulted
in suppression of the acute phase response and generally in
favorable effects on laboratory parameters indicative of risk
factors of atherosclerosis, including lower homocysteine
concentrations, and lower total and LDL cholesterol.

The prognosis of metastatic colorectal carcinoma has
improved substantially during the last decade as a result of
the introduction of new effective cytotoxic agents (1), and,
more recently, targeted agents, the monoclonal antibodies
cetuximab and bevacizumab (2, 3). It has been demonstrated
that combination of 5-fluorouracil with either irinotecan or
oxaliplatin is, in terms of efficacy, superior to 5-fluorouracil
alone (4, 5). The addition of bevacizumab, monoclonal
antibody against vascular endothelial growth factor (VEGF),
to combination chemotherapy has been shown to increase
survival both in the first-line as well as in the second-line
setting (2, 6). Although therapy with bevacizumab is, in
general, well tolerated, the drug has a peculiar toxicity
profile, with the principal side-effects including proteinuria,
hypertension and thrombosis. The spectrum of these
toxicities is linked to the fact that VEGF is an endothelial
growth factor, and VEGF blockade leads to endothelial cell
dysfunction (7). These toxicities are usually mild and of little
clinical significance in most patients because of their limited
life expectancy, but could be of concern in long-term
survivors because they are associated with increased risk of
atherosclerosis and its complications.

Thus, with the remarkable improvement of long-term
prognosis in patients with inoperable metastatic colorectal
carcinoma treated with the combination of targeted agents
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comprising an LC 200 pump, LC 200 autosampler, LC Column Oven
101 thermostat and LC 235C Diode Array Detector attached to the
Perkin Elmer Turbochrom Chromatography Workstation version 4.1.
Separation of alpha-tocopherol and retinol was performed using
Chromolith Performance RP-18e, 100x4.6 mm monolithic columns
(Merck, Darmstadt, Germany). As the mobile phase 100% methanol
was used at a flow rate of 2.5 ml min-! and column pressure of 3.3
MPa. The block heater LC Oven 101 (Perkin Elmer) was utilized to
keep the analytical column temperature at 25°C. The injection volume
was 50 ul. The detection of alpha-tocopherol and retinol was carried
out at 295 nm and at 325 nm, respectively.

Determination of hemoglobin, glycosylated hemoglobin, ferritin and
carcinoembryonic antigen. Hemoglobin was measured by a
photometric method using sodium lauryl sulfate using a Sysmex XE-
2100 blood analyzer (Sysmex, Kobe, Japan). Glycosylated hemoglobin
was determined by high-performance liquid chromatography using a
Variant II Turbo System (Bio-Rad; Hercules, CA, USA) according the
instructions of the manufacturer and expressed according the IFCC
reference system (34). Serum ferritin concentrations were determined
by an immunoassay using commercial kits (AxSYM; Abbott, Chicago,
IL, USA). The assays were performed according the manufacturer’s
instructions. Serum carcinoembryonic antigen (CEA) was determined
by radioimmunoassay using a commercial kit (Immunotech; Marseille,
France) as described elsewhere (35).

Statistical analysis. The parameters during the therapy were
compared with baseline values using the Wilcoxon paired test.
Correlations were examined using Spearman’s rank correlation
coefficient. The decision on statistical significance was based on
p=0.05 level. The analyses were performed using NCSS software
(Number Cruncher Statistical Systems, Kaysville, UT, USA).

Results

As shown in Table I, serum homocysteine decreased
significantly throughout the course of treatment. Serum total
cholesterol also decreased significantly during the first month
of therapy. This decrease affected LDL cholesterol. After an
initial mild decrease, HDL cholesterol significantly increased
late during the course of treatment. The decrease of total
cholesterol during the first month of therapy was
accompanied by a reduction in alpha-tocopherol. In contrast,
serum retinol significantly increased during the second and
third months of treatment. A significant increase in
glycosylated hemoglobin was also observed at several visits.
After an initial significant increase, CRP significantly
decreased compared to baseline throughout the course of
treatment. Hemoglobin concentration remained relatively
stable, but serum ferritin increased throughout most of the
course of treatment. The course of CEA mirrored
concentrations of CRP. After an initial rise, that was,
however, not significant, a significant decrease of serum CEA
was observed starting from the second month of therapy.
Significant negative correlations were observed between
CRP and HDL cholesterol (r=—0.37, p<0.05), retinol
(r&=—0.70, p<0.0001; Figure 1) and positive correlations
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Figure 1. Correlation between C-reactive protein and retinol (r=-0.70,
p<0.0001).

were noted between CRP and ferritin (r,;=0.52, p<0.01), and
CEA (rg=0.60, p<0.001). CEA correlated inversely with
hemoglobin (r;=-0.36, p<0.05), and with retinol (r=-0.60,
p<0.001), and positively with ferritin (r;=0.42, p<0.05).
Retinol correlated significantly with hemoglobin (r;=0.77,
p<0.00001). Alpha-tocopherol correlated significantly with
total cholesterol (r;=0.48, p<0.01) and LDL cholesterol
(r;=0.42, p<0.05), and total cholesterol correlated
significantly with LDL cholesterol (r;=0.95, p<0.00001).

Discussion

The present data demonstrate that bevacizumab administered
with combination chemotherapy has a complex short-term
effect on laboratory measured risk factors of atherosclerosis
that includes changes both favorable and unfavorable for the
long-term risk of atherosclerosis. Some of these changes are
probably due to the effect of combined therapy on metastatic
tumor. Reduced tumor burden results in lower serum CEA
and CRP concentrations. Suppression of the systemic
inflammatory response also results in high retinol and,
possibly, lower homocysteine concentrations.

The serum concentrations of cholesterol and LDL
cholesterol decreased markedly during the first cycle of
therapy. Non-fasting samples were used for lipid analyses in
the present study, similarly to some earlier reports that
examined the effect of anticancer agents (36). In cancer
patients receiving emetogenic chemotherapy, it is difficult to
require an overnight fast before chemotherapy repeatedly.
The decrease of serum total and LDL cholesterol was evident
mostly during the first month of therapy. Later in the course
of treatment, an increase of HDL cholesterol was observed
that could also have a favorable impact on the progression
of atherosclerosis.

4815



Melichar et al: Homocysteine and Inflammatory Response in Metastatic CRC

Blumberg JB and Ziegler TR: Plasma antioxidant status after high-
dose chemotherapy: a randomized trial of parenteral nutrition in
bone marrow transplantation patients. Am J Clin Nutr 72: 181-189,
2000.

28 High KP, Legault C, Sinclair JA, Cruz I, Hill K and Hurd DD:
Low plasma concentrations of retinol and alpha-tocopherol in
hematopoietic stem cell transplant recipients: the effect of
mucositis and the risk of infection. Am J Clin Nutr 76: 1358-1366,
2002.

29 Faber M, Coudray C, Hida H, Mousseau M and Favier A: Lipid
peroxidation products, and vitamin and trace element status in
patients with cancer before and after chemotherapy, including
adriamycin. A preliminary study. Biol Trace Elem Res 47: 117-123,
1995.

30 Salonen JT, Nyyssonen K, Korpela H, Tuomilehto J, Seppanen R
and Salonen R: High stored iron levels are associated with
excess risk of myocardial infarction in Eastern Finnish men.
Circulation 86: 803-811, 1992.

31 Tuomainen TP, Punnonen K, Nyyssonen K and Salonen T
Association between body iron stores and the risk of acute
myocardial infarction in men. Circulation 97: 1461-1466, 1998.

32 Melichar B, Urbanek L, Krcmova L, Kalabova H, Melicharova
K, Malirova E, Homychova H, Ryska A, Hyspler R and
Solichova D: Urinary neopterin, hemoglobin and peripheral
blood cell counts in breast carcinoma patients treated with dose-
dense chemotherapy. Anticancer Res 28: 2389-2396, 2008.

33 Urbanek L, Solichova D, Melichar B, Dvorak J, Svobodova I and
Solich P: Optimization and validation of a high-performance
liquid chromatography method for the simultaneous determination
of vitamins A and E human serum using monolithic column and
diode-array detection. Anal Chim Acta 573-574: 267-272, 2006.

34 Hoelzel W, Weykamp C, Jeppesson JO, Miedema K, Barr IR,
Goodall 1, Hoshino T, John WG, Kobold U, Little R, Mosca A,
Mauri P, Paroni R, Susanto F, Takei I, Thienpont L, Umemoto M
and Weidmeyer HM: IFCC reference system for measurement of
hemoglobin A, in human blood and the national standardization
schemes in the United States, Japan, and Sweden: a method-
comparison study. Clin Chem 50: 166-174, 2004.

35 Melichar B, Solichova D, Melicharova K, Malirova E, Cermanova
M and Zadak Z: Urinary neopterin in patients with advanced
colorectal carcinoma. Int J Biol Markers 21: 190-198, 2006.

36 Banerjee S, Smith IE, Folkerd L, Igbal J, Barker P and Dowset
M: Comparative effects of anastrozole, tamoxifen alone and in
combination on plasma lipids and bone-derived resorption
during neoadjuvant therapy in the impact trial. Ann Oncol 16:
1632-1638, 2005.

37 Duffy MJ, van Dalen A, Haglund C, Hansson L, Klapdor R,
Lamerz R, Nilsson O, Sturgeon C and Topolcan O: Clinical utility
of biochemical markers in colorectal cancer: European Group on
Tumour Markers (EGTM) guidelines. Eur J Cancer 39: 718-727,
2003.

3% Sorbye H and Dahl O: Transient CEA increase at start of
oxaliplatin combination therapy for metastatic colorectal cancer.
Acta Oncol 43: 495-498, 2004

39 Ailawadhi S, Sunga A, Rajput A, Yang GY, Smith J and Fakih M:
Chemotherapy-induced carcinoembryonic antigen surge in patients
with metastatic colorectal cancer. Oncology 70: 49-53, 2006.

40 Melichar B, Jandik P, Tichy M, Malir F, Mergancova J and
Voboril Z: Urinary zinc excretion and acute phase response in
cancer patients. Clin Investig 72: 1012-1014, 1994.

154

41 Gori AM, Sofi F, Marcucci R, Giusti B, Franco Gensini G and
Abbate R: Association between homocysteine, vitamin B6
concentrations and inflammation. Clin Chem Lab Med 45: 1728-
1736, 2007.

42 Ridker PM, Rifai N, Rose L, Buring JE and Cook NR:
Comparison of C-reactive protein and low-density lipoprotein
cholesterol levels in the prediction of first cardiovascular events.
N Engl ] Med 347: 1557-1565, 2002.

43 Sartori S, Nielsen I, Masotti M and Malacarne P: Early and late
hyperferremia during cisplatin chemotherapy. I Chemother 3:
45-50, 1991.

44 Pollera CF, Ameglio F, Nardi M, Marolla P, Carlini P and Frasca
AM: Dose and schedule effects of cisplatin on the related acute
iron changes. Oncology 47: 133-138, 1990.

45 Pollera CE, Ameglio F, Reina S, Nardi M, Abbolito MR and
Parracino C: Changes in serum iron levels following very high
dose cisplatin. Cancer Chemother Pharmacol 19: 257-260,
1987.

46 Lauterburg BH, Nguyen T, Hartmann B, Junker E, Kupfer A and
Cerny T: Depletion of total cysteine, glutathione, and
homocysteine in plasma by ifosfamide/mesna therapy. Cancer
Chemaother Pharmacol 35: 132-136, 1994,

47 Kishi S. Griener J, Cheng C, Das S, Cook EH, Pei D, Hudson
M, Rubnitz J, Sandlund JT, Pui CH and Relling MV:
Homocysteine, pharmacogenetics, and neurotoxicity in children
with leukemia. J Clin Oncol 27: 3084-3091, 2003.

48 Geisler J, Geisler SB, Lonning PE, Smaaland R, Tveit KM,
Refsum H and Ueland PM: Changes in folate status as
determined by reduction in total plasma homocysteine levels
during leucovorin modulation of 5-fluorouracil therapy in cancer
patients. Clin Cancer Res 4: 2089-2093, 1998.

49 Slater GH, Ren CJ, Siegel N, Williams T, Barr D, Wolfe B,
Dolan K and Fielding GA: Serum fat-soluble vitamin deficiency
and abnormal calcium metabolism after malabsorptive bariatric
surgery. J Gastrointest Surg &: 48-55, 2004.

50 Johnson EJ, Krasinski SD, Howard LJ, Alger SA, Dutta SK and
Russell RM: Evaluation of vitamin A absorption by using oil-
soluble and water-miscible vitamin A preparations in normal
adults and in patients with gastrointestinal disease. Am J Clin
Nutr 55: 857-864, 1992.

51 Melichar B, Dvorak J, Kremova L, Hyspler R, Urbdnek L and
Solichova D: Intestinal permeability and vitamin A absoption in
patients with chemotherapy-induced diarrhea. Am J Clin Oncol
31: 580-584, 2008.

52 Melichar B, Kalabova H, Kremova L, Urbanek L, Hyspler R,
Malirova E and Solichova D: Serum alpha—tocophcrol, retinol
and neopterin during paclitaxel/carboplatin chemotherapy.
Anticancer Res 27: 4397-4401, 2007.

53 McMillan DC, Talwar D, Sattar N, Underwood M, O’ Reilly DSI
and McArdle C: The relationship between reduced vitamin
antioxidant concentrations and the systemic inflammatory
response in patients with common solid tumours. Clin Nutr 2]:
161-164, 2002.

54 McMillan DC, Sattar N, Talwar D, O’Reilly J and McArdle CS:
Changes in micronutrient concentrations following anti-
inflammatory treatment in patients with gastrointestinal cancer.
Nutrition 16: 425-428, 2000.

55 Mayland C, Allen KR, Degg TJ and Bennet M: Micronutrient
concentrations in patients with malignant disease: effect of the
inflammatory response. Ann Clin Biochem 4]: 138-141, 2004,

4819



Melichar ez al: Homocysteine and Inflammatory Response in Metastatic CRC

concentrations observed in the present study was similar to the
decrease observed in an earlier study in patients treated with
5-fluorouracil/leucovorin (48). With the exception of the initial
surge, serum homocysteine concentrations followed CEA
levels. Homocysteine may have different dynamics from other
tumor markers as its concentrations reflect tumor cell
proliferation and the number of live cells (15).

Administration of chemotherapy is associated with oxidative
stress that results in lower concentrations of circulating
antioxidants. Moreover, administration of chemotherapy is
associated with small bowel dysfunction, and disturbances of
the small bowel function are accompanied by a low serum
concentration of retinol (49-51). The present observation of a
decrease in alpha-tocopherol is in agreement with earlier
reports of decreased alpha-tocopherol concentrations during
systemic chemotherapy that were associated with oxidative
stress induced by the therapy (26-29). However, in a recent
study we observed increased alpha-tocopherol and retinol
concentrations during paclitaxel/carboplatin combination
chemotherapy (52) and hypothesized that these increases are
probably linked to the suppression of the systemic
inflammatory response by chemotherapy. Serum concentrations
of alpha-tocopherol and retinol are significantly decreased in
patients with advanced cancer (53, 54), and this decrease
correlates with the systemic inflammatory response (53, 55).
In the present cohort of patients, we did not demonstrate an
increase in serum alpha-tocopherol, but an increase in serum
retinol was evident. Significant negative correlation was
observed between CRP and retinol concentrations. The
suppression of the systemic inflammatory response associated
with tumor control could thus explain the increase of serum
retinol observed later during the course of treatment in the
present study.

In earlier studies, low vitamin E intake was associated with
toxicity of chemotherapy in children with acute lymphoblastic
leukemia (56). The administration of vitamin E has been shown
to alleviate some side-effects of radiotherapy (24), and
chemotherapy (25). Although serial monitoring of vitamin E
levels may be a necessary prerequisite for any therapeutic use
of this antioxidant vitamin, serum vitamin E is not being
routinely measured in cancer patients, and, in most reports
published so far, alpha-tocopherol has been investigated in
epidemiological studies in relation to cancer risk. In the present
study, low serum alpha-tocopherol was associated with a
decreased cholesterol concentration and could be linked to the
toxicity of chemotherapy and resulting lower dietary intake.
Lower alpha-tocopherol concentration may have unfavorable
long-term effects on the progression of atherosclerosis. In
contrast to cholesterol or homocysteine, glycosylated
hemoglobin increased significantly during the treatment. An
increase in circulating VEGF has been described in patients
with diabetes mellitus that has been associated with the
presence of complications (57-59). The moderate increase of

glycosylated hemoglobin may be caused by the administration
of dexamethasone as part of premedication or the effect of
chemotherapy rather than bevacizumab.

Thus, the administration of bevacizumab and combined
chemotherapy has effects on laboratory parameters that both
increase and decrease the risk of atherosclerosis. Along with
hypertension (7), VEGF inhibition causes proteinuria, another
risk factor of cardiovascular mortality (60). Data from the
present cohort also indicate that the administration of
combined treatment may be associated with impaired glucose
tolerance. The concentrations of alpha-tocopherol, the major
liposoluble antioxidant, decreased during the treatment, but
retinol concentrations increased. Alterations in iron
metabolism, reflected in increased ferritin concentrations, and
associated oxidative stress may also accelerate the progression
of atherosclerosis. On the other hand, therapy led to lower
cholesterol and homocysteine concentration and a decrease in
systemic inflammation reflected in lower CRP levels. The
suppression of the systemic inflammatory response could have
also resulted in increased HDL-cholesterol levels. Most of
these unfavorable changes were moderate in magnitude and
of limited duration, so it cannot be expected that these changes
would have a dramatic effect on the progression of
atherosclerosis.

In the past, the long-term risk of atherosclerosis was of little
concern in patients with metastatic cancer. In the last decade,
data have emerged indicating a significant rise of the incidence
of complications of atherosclerosis in survivors of metastatic
cancer curable with chemotherapy, e.g. germ cell tumors (61-
63). Although the cure rate of metastatic colorectal carcinoma
is much lower compared, for example, to metastatic testicular
carcinoma, the survival of patients with metastatic colorectal
carcinoma has improved dramatically over the past two
decades (1), with median survival currently being close to 2
years (64). In addition, a significant proportion of patients with
initially unresectable tumors become candidates for secondary
resection. In a recently published report, the 5- and 10-year
survival of patients undergoing secondary resection was 33%
and 279%, respectively (8). Thus, a significant proportion of
metastatic colorectal carcinoma patients survive, under therapy,
more than 5 years, and the question of how chronic therapy
affects the long-term risk of cardiovascular disorders is of
legitimate concern. Thus, the observation that the combination
of VEGF-targeted therapy and chemotherapy has, besides
unfavorable effects on hypertension and proteinuria, also
favorable effects on laboratory risk factors of atherosclerosis is
reassuring from the point of view of clinical practice.

In conclusion, combination therapy with bevacizumab,
oxaliplatin, 5-fluorouracil and leucovorin is an effective therapy
that results in marked decrease of serum CEA. Tumor control
also resulted in suppression of the acute phase response,
reflected in CRP concentrations. CRP correlated negatively with
retinol and HDL-cholesterol, and positively with CEA and
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HPLC method for simultaneous determination of
retinoids and tocopherols in human serum for
monitoring of anticancer therapy

A simple and rapid HPLC method requiring small volumes (250 pL) of human serum
after C18 SPE sample preparation was developed using monolithic technology for
simultaneous determination of all-transretinoic acid, 13-cis-retinoic acid, retinol,
gamma- and alpha-tocopherol. The monolithic column, Chromolith Performance
RP-18e (100 x 4.6 mm), was operated at ambient temperature. The mobile phase con-
sisted of a mixture of acetonitrile (ACN) and 1% ammonium acetate in water (AMC)
at pH 7.0. The mobile phase started at 98:2 (vfv) ACN/JAMC (column pre-treatment) at
a flow rate of 2 mL/min, then changed to 95:5 (v/v) ACNJAMC for 4 min at a flow rate
of 1.5 mLjmin and a further 3 min at a flow rate of 3.2 mL/min. Detection and iden-
tification were performed using a photodiode array detector. Retinol, 13-cis- and all-
transretinoic acid were monitored at 325 nm. Both alpha- and gamma-tocopherol
were detected at 295 nm. The total analysis time was 7.2 min. Tocol (synthesized
tocopherol, not occurring in humans) was used as internal standard. The method
was linear in the range of 0.125-10.00 pmol(L for all-trans-retinoic acid, 0.125-
5.00 pmol(L for 13-cisretinoic acid, 0.25-10.00 umol/L for retinol, 0.5-50.00 pmol/L
for gamma-tocopherol, and 0.5-50.00 pmol/L for alpha-tocopherol. The present
method may be useful for monitoring of retinoids and tocopherols in clinical stud-
ies.

Keywords: Anticancer therapy | Monolithic column [ Retinoic acid | Retinol [ Tocopherol
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clinical studies of chemoprevention, or in combination
with other anticancer agents, mostly in patients with

Alltransretinoic acid (ATRA) and 13-is-retinoic acid
(Fig. 1) are naturally occurring retinoids produced from
retinol. Retinoic acids (RAs) have multiple roles in repro-
duction, embryogenesis, cellular differentiation, vision,
and immune response. ATRA is used therapeutically in
acute promyelocytic leukemia (APL) [1], and encouraging
data have been reported on the activity ATRA in other
tumors [2, 3]. After oral administration, RAs have varia-
ble pharmacokinetic profiles. Administration of ATRA
induces accelerated metabolism, resulting in the lower-
ing of the serum ATRA concentration and development
of resistance [4, 5]. Despite these facts, all-trans-retinoic
acid is not routinely determined in APL patients treated
with this drug. 13-is-Retinoic acid has also been used in
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bolic Care and Gerontology, Teaching Hospital, Sokolskd 581,
500 05 Hradec Krdlové, Czech Republic

E-mail: solich@lthk.cuni.cz

Fax:+420 49 5834841

Abbreviations: AMC, ammonium acetate in water

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

157

malignant or premalignant tumors of the head and neck
region [6-8|.

Tocopherols (both alpha-tocopherol and gamma-toco-
pherol) (Fig.1) are the major antioxidants found in
serum and are commonly referred to as vitamin E. Alpha-
tocopherol is responsible for most of the antioxidant
activity in animal tissues |9]. Disorders of antioxidant bal-
ance involving tocopherols may be involved in the patho-
genesis of some of the toxic effects of radiotherapy (10,
11] or chemotherapy [12]|. Alpha-tocopherol may have
chemopreventive activity and may also alleviate toxicity
of retinoic acid administration.

Retinoic acid and tocopherols have been determined
so far in different clinical samples using a variety of tech-
niques [13]. In most studies, the method of determina-
tion of these compounds was based on HPLC (both nor-
mal and reversed phase) [14, 15]. HPLC technology pro-
vides rapid, sensitive, and accurate methods for vitamin
determination and has the advantages of solvent econ-
omy and easy coupling with other techniques. Coupling

e — s
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the HPLC method with MS detection allows for low detec-
tion limits and small sample consumption [16, 17]. Deter-
mination of 13-cis- and all-trans-retinoic acid and toco-
pherols in one analysis may be beneficial especially in
patients treated with retinoic acid derivatives because of
the need to monitor retinoid concentrations as well as
the concentrations of tocopherols that represent a major
antioxidant system in the serum. Correlations between
retinoic acids and tocopherols in human blood have
been amply documented [18-21|. Moreover, combina-
tions of retinoic acids with alpha-tocopherol have been
studied in clinical trials [6, 8], but there is only one
method for determination of retinoic acids and toco-
pherols in human serum in a single step. In 30 min 14
compounds are separated [22]. The long analysis time is
due to the different polarities of the compounds. For
analysis of samples from cancer patients it is not neces-
sary to determine all these compounds and 30 min anal-
ysis is unsuitable for routine clinical practice. Use of sim-
ple gradient mobile phase and monoliths allows determi-
nation of different polarity samples in a short time.

The recently introduced monolithic technology is
based on a unique sorbent material allowing good qual-
ity of separations in a minimal time. This special porous
character allows relatively high mobile phase flow rates
(1-9 mL/min) while keeping the back pressure low. Due
to the favorable properties of monolithic materials, the
risk of destruction and damage of the column by move-
ment of the sorbent inside the column is eliminated and
reliability as well as reproducibility of the analysis is
improved [23].

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinhaim
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Figure 1. Chemical structures of exam-
ined fat-soluble vitamins, internal stand-
ard, all-trans- and 13-cis-retinoic acid.

Many examples can be found of increased separation
speed at a high flow rate [23]. However, an increase in
flow rate means consumption of a larger amount of sol-
vents, unless smaller sized columns are used [24]. The
main advantages of monoliths, apart from short analysis
times, are long lifetime and immense robustness: All
monolithic columns display very high mechanical stabil-
ity and long operative lifetimes, in most cases far exceed-
ing those of particulate columns. The next advantage is
an improvement in HPLC system security because using
monolithic columns also reduces maintenance work on
HPLC pump and injector seals as well as the need for sam-
ple preparation because monolithic columns are very
resistant to blocking even with biological samples [23,
24.

The aim of this study was to develop a simple and prac-
tical HPLC method using monoliths for the quantifica-
tion of retinoic acid in pharmacokinetic studies that
would also allow simultaneous determination of toco-
pherols. No method has yet been published for determi-
nation of retinoic acids and tocopherols in one step
using monolithic technology.

2 Experimental
2.1 Instrumentation and chemicals

The analyses were performed using a Perkin Elmer HPLC
set-up (Norwalk, USA) comprising an LC 200 pump, an LC
200 autosampler, an LC Column Oven 101 thermostat,
and an LC 235C diode-array detector attached to the Per-

www.jss-journal.com
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kin Elmer Turbochrom Chromatography Workstation
version 4.1. All solvents were of HPLC grade. Both the
methanol and the n-hexane used for the preparation of
standard solutions were obtained from Scharlau (Sent-
menat, Spain) and the ethanol for the deproteinization
procedure from Lachema (Brno, Czech Republic). Aceto-
nitrile was supplied by Scharlau (Sentmenat, Spain),
ammonium acetate by Fluka-Sigma Aldrich (Prague,
Czech Republic), distilled water by Goro (Prague, Czech
Republic). Spe-ed SPE cartridges C18 500 mg/3 mL for
sample extraction were obtained from Applied Separa-
tions (Allentown, USA). Retinol, alpha-tocopherol, and
gamma-tocopherol were supplied by Fluka-Sigma
Aldrich (Prague, Czech Republic), tocol by Matreya (Pleas-
ant Gap, USA). ATRA and 13-cisretinoic acid were pur-
chased from Sigma - Aldrich (Prague, Czech Republic). A
lyophilized human serum kit for HPLC analysis of vita-
mins A and E from Chromsystems (Munich, Germany)
was used for the validation process.

2.2 Chromatographic conditions

Separation of vitamins and retinoic acids was performed
using a Chromolith Performance RP-18e, 100 x 4.6 mm
monolithic column, Merck (Darmstadt, Germany). Aceto-
nitrile (ACN): 1% ammonium acetate in water at the
pH 7.0 (AMC) in the ratio 95:5 (v/v) was used as the mobile
phase. The column was pre-treated with ACN/AMC 98:2
(v/v) for 1 min at a flow rate of 2.0 mL/min. During separa-
tion ACNJAMC 95:5 (v[v) was used as the mobile phase for
4 min at a flow rate of 1.5 mL{min, then for 3 min at a
flow rate of 3.2 mLjmin. The column pressure was
3.32 MPa (1300 psi). The block heater LC Oven 101 Perkin
Elmer (Norwalk, USA) was utilized to keep the analytical
column temperature at 25°C. The injection volume of
sample was 20 pl. Diode array detection of retinol and
all-trans- and 13-cis-retinoic acid was at 325 nm and for
alpha- and gamma-tocopherol and tocol it was at
295 nm. The total analysis time was 7.2 min.

2.3 Preparation of standard solutions

Stock solutions of all-trans- and 13-cis-retinoic acid, reti-
nol, tocol, alpha- and gamma-tocopherol standards were
prepared by the following methods. All-lransretinoic
acid and 13-cis-retinoic acid solutions were prepared by
dissolution in 1000 pmol/L methanol. Tocol, alpha- and
gamma-tocopherol standards were first dissolved in n-
hexane (1000 pmol/L) and then diluted with methanol to
give 500 pmol/L stock solutions. These standard solutions
were stored at —25°C (retinol, all-trans- and 13-cisTetinoic
acid) and at 4°C (tocol, alpha- and gamma-tocopherol).
For calibration, working solutions of all standards were
diluted with methanol in volumetric flasks in the con-
centration range: 0.25-10.00 pmol/L for retinol, 0.125-
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5.00 pmol(L. for 13-cistetinoic acid, 0.125-10.00 pmol|L
for all-transretinoic acid, 0.5-50.00 pmol/L for gamma-
tocopherol, 0.5-50.00 pmol/L for alpha-tocopherol. Cali-
bration was accomplished at six concentration levels.
The stability of stock and working solutions was
6 months for retinol, tocol, alpha- and gamma-toco-
pherol, 22 days for all-trans-retinoic acid and 16 days for
13-cis-retinoic acid.

2.4 Sample preparation — solid phase extraction
procedure

The protocol was approved by the institutional ethical
committee, and all patients gave their consent. Blood
samples were drawn from the peripheral vein after
twelve hours of overnight fasting. The samples were then
centrifuged (1600 x g, 10 min, 4°C) and serum was sepa-
rated. Before solid phase extraction (SPE), an internal
standard (20 pmol(L of tocol) was added and evaporated
in the tube. Then 250 pL of serum was added and depro-
teinized by cooled ethanol (650 pL, 8 min, 4°C). After cen-
trifugation (2000 x g, 15 min, 4°C), the supernatant was
separated and applied to the SPE column. Before applica-
tion of the sample the SPE column was activated by
1000 pL of methanol and then washed with 1000 pL of
water. Hexane (2000 pL) was used as elution solvent.
After evaporation of the hexane at 35°C, the residue was
diluted in 250 pL of methanol and applied to the analyti-
cal column.

3 Results
3.1 Method validation

Method validation was performed according to the Euro-
pean Pharmacopoeia [25] and the International Confer-
ence on Harmonization (ICH) guidelines Q2A and Q2B
(26, 27] consisting of two parts: System Suitability Test
(SST) and Validation Parameters.

3.1.1 System Suitability Test (SST)

Within the System Suitability Test some chosen param-
eters describing the separation properties and precision
of the chromatographic system were determined. Table 1
summarizes the calculated values of number of theoreti-
cal plates (N), height equivalent of theoretical plate
(HETP), asymmetry (1), and peak resolution (R).

Column performance was determined as number of
theoretical plates by the equations N =5.545 (tg/Wpes)*
(Wyes is width at 5% of peak height, t; is retention time)
and HETP = [/N (N is column performance, [ is length of
the column). Asymmetry (tailing factor) was calculated
by the equation = Wy [2f (Whp is width at 5% of peak
height, fis distance between maximum and the leading
edge of the peak). Peak resolution was calculated by the
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Table 1. System Suitability Test: number of theoretical plates (N), height equivalent of theoretical plate (HETP), asymmetry (T7),

and peak resolution (R).
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Compound Woos I N HETP Wom f T w I R
(min) (min) (pm) (min) (min) (min) (min)

Retinol 0.0658 1.77 3744.9 26.7 0.1667 0.0688 1.21 0.2000 1.77 1.68

13<is-Retinoic acid 0.0606 2.13 4312.5 23.2 0.1563 0.0625 1.25 0.2286 213 2.99

alltrans-Retinoic acid  0.0517 2.90 8289.8 121 0.2500 0.109 1.15 0.2857 2.90 3.71

Tocol 0.0781 3.96 8821.0 11.3 0.4688 0.2344  1.00 0.2857 3.96 5.64

gamma-Tocopherol 0.1156 5.49 82355 121 0.2500 0.1155 1.08 0.2571 549 2.83

alpha-Tocopherol 0.1184 6.34 9668.4 10.3 0.3433 0.125 1.38 0.3429 6.34

Table 2. Repeatability of injection of the method (serum).

n=10 Mean of area RSD (%) Mean of retention time RSD (%)

{unit) = SD (min) + SD

Retinol 17155 = 401 2.34 1.74+0.01 0.52

13<is-Retinoic acid 15933 = 270 1.69 2.00=0.01 0.50

all-trans-Retinoic acid 36071 = 515 1.43 2.76 = 0.02 0.74

Tocol 25001 + 607 2.43 3.88+0.09 222

gamma-Tocopherol 1563 =340 2.26 5.37 = 0.06 1.14

alpha-Tocopherol 34489 = 666 1.93 6.15=0.08 1.23

equation Ry =2 (e — tg)f(Wi+ W) (e, lgy are retention
times, Wi, W; are peak widths). For the determination of
injection repeatability, ten samples from one lyophilized
human serum were analyzed. The repeatability of injec-
tion was expressed as the relative standard deviation
(RSD) of peak area and retention time calculated from
the obtained data. Table 2 compiles the RSD values of all-
trans- and 13-cisretinoic acid, retinol, tocol, alpha- and
gamma-tocopherol in the serum sample.

3.1.2 Validation of parameters

In order to validate the developed method, precision,
accuracy, linearity, detection, and quantification limits,
aswell as ruggedness, were evaluated.

3.1.2.1 Precision

For the determination of the method precision, ten sam-
ples prepared individually from one lyophilized human
serum at two different concentration levels were ana-
lyzed. The method precision expressed by the repeatabil-
ity of the peak area and retention time was determined
as the relative standard deviation (RSD) calculated from
the obtained data. Table 3 compiles RSD values of all-
trans- and 13-cis-retinoic acid, retinol, tocol, gamma-toco-
pherol and alpha-tocopherol.

3.1.2.2 Accuracy

The accuracy of the method was tested first as recovery,
which was determined by performing three measure-
ments of the serum pool spiked with 13-cis-retinoic acid
(final concentration at Level 1 was 1.00 pmol/L and at
Level 2 was 2.20 pmol(L), all-trans-retinoic acid (final con-
centration at Level 1 was 1.00 pmol/L and at Level 2 was
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2.20 pmol/L), gamma-tocopherol (final concentration at
Level 1 was 10.00 pymol/L and at Level 2 was 20.00 pmol/
L). All the data are presented in Table 3.

Secondly, the accuracy of the method was determined
by using the Chromsystems control set for vitamins A
and E. The values obtained were always in the acceptable
range (Level 1 retinol: 1.15-1.73 pmol/L, alpha-toco-
pherol: 15.00 - 21.3 pmol[L, Level 2 retinol: 2.75-
4.12 pmol/L, alpha tocopherol: 28.0-40.1 pmol/L).

3.1.2.3 Linearity

Linearity of the calibration curves was determined using
the LINREGRE program developed at the Department of
Biophysics and Physical Chemistry at the Faculty of Phar-
macy, Charles University, at six concentration levels in
the range of 0.125-10.00 pmol/L for all-trans-retinoic
acid, 0.125-5.00 pmol/L for 13-cisretinoic acid, 0.25-
10.00 pmol/L for retinol, 0.5-50.00 pmol/L for gamma-
tocopherol, and 0.5-50.00 pmol/L for alpha-tocopherol.
Tocol was used as an internal standard at a concentration
0f 20.00 pmol/L. Each solution was injected onto the col-
umn three times. Table 4 shows the calculated regression
equations and correlation coefficients based on data
obtained for all compounds.

3.1.2.4 Limit of detection and limit of
quantification

The limit of detection (LOD) was defined as the com-
pound concentration that produced a signal-to-noise
ratio greater than five, and the limit of quantification
(LOQ) was evaluated as the concentration equal to ten
times the value of the signal-to-noise ratio (Table 4).
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Table 3. Precision, accuracy, and recovery in lyophilized human serum at two different concentration levels: For precision, ten
samples were prepared individually from one lyophilized human serum at two different concentration levels, the accuracy of the
method was tested first as recovery, which was determined by performing three measurements of the pool spiked serum and
secondly the accuracy of the method was determined by using the Chromsystems control set for vitamin A and E.

Level Precision (Intra-day)
Repeatability of the method
Added Found Recovery Area SD (units)fretention n RSD area/RSD
(umol/L) (umol/L) (%) time SD (min) retention time
Retinol 1.64 1.35 82.30 36464 =872[1.70 = 0.03 10 2.39/1.95
3.58 3.05 85.19 71697 =2075/1.75 = 0.01 10 2.89/0.64
13-cis-Retinoic acid 1.00 1.00 100.00 20992 =274/2.10 = 0.03 10 1.31/1.22
2.20 2.06 93.64 43378 +1260/2.05 = 0.02 10 2.90/0.95
all-trans-Retinoic acid 1.00 0.74 74.00 23833 =637/2.84 =0.06 10 2.67/2.13
2.20 1.55 70.50 48388 +1059/2.90 = 0.06 10 2.19/2.10
samma-Tocopherol 10.00 9.81 98.10 10724 £231/5.25 = 0.07 10 2.16/1.38
20.00 17.39 87.00 17834 +=551/5.14 = 0.08 10 3.09/1.59
alpha-Tocopherol 17.6 15.17 85.71 16153 = 313/6.09 = 0.09 10 1.94/1.49
36.70 28.03 77.10 29517 =95/6.02 = 0.09 10 2.69/1.44
Table 4. Linearity and limit of detection and quantification.
Compound Equation Coeff. of Reliability LOD (pmol[L) LOQ (umol/L)
correlation (%) signalto-noise =5 signal-to-noise = 10
Retinol y=0.8247x + 0.0177 0.9998 99.5 0.03 0.06
13-cis-Retinoic acid y=0.779x - 0.0104 0.9997 99.5 0.04 0.09
all-trans-Retinoic acid y=0.7038x + 0.0434 0.9995 99.5 0.06 0.12
gamma-Tocopherol y=0.0341x + 5E-05 0.9999 99.5 0.60 1.20
alpha-Tocopherol y=0.0278x - 0.0133 0.9998 99.5 1.00 2.00

3.1.2.5 Selectivity

For the quantification of the method, tocol was used as
an internal standard. The good selectivity of this method
for retinol, 13-cisretinoic acid, ATRA, and other com-
poundsis documented in Fig. 2 and in Table 1.

3.1.2.6 Ruggedness

For the determination of method ruggedness, the pH of
mobile phase and mobile phase composition were var-
ied. Retention time and peak area were determined. The
retention time was clearly not affected by variation of
pH. But the area of the retinoic acids was clearly affected
thereby (variations over 14%). Small changes of mobile
phase composition (+ 2.2%) influence the retention times
of tocopherols (variations over 9%) and the areas of all
compounds (variations over 5%). But there is still
adequate resolution for all compounds.

3.1.2.7 Stability

The stability of stock and working standard solutions of
all-trans- and 13-cis-retinoic acid, retinol, tocol, and alpha-
and gamma-tocopherol was tested at room temperature,
4°C, -25°C, and -80°C. Concentrations of compounds
were calculated with the aid of an internal standard
using calibration curve. The best stability for all-transret-
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inoic acid was at —25°C for 22 days and for 13<isretinoic
acid at -80°C for 16 days (Figs. 3 and 4). The stock and
working solutions of alpha- and gamma-tocopherol were
stable for 6 months at 4°C. The best stability for retinol
was at —25°C for 6 months.

4 Discussion

The newly developed method presented here combines
the advantages of HPLC, monolithic technology, and
solid phase extraction.

In this study, using a PDA detector, reverse phase, and
flow rate gradient HPLC procedure, very polar and non-
polar analytes were separated in a single run within
7 min. The PDA detector enables analysis of a variety of
analytes of interest while monoliths allow high flow
rates and then short time of analyses. It is easier to regen-
erate the column because compounds of all types of
polarity are eluted during each run. In our method there
is a re-equilibration time of only 1 min which is suitable
for routine analyses of many samples. Ammonium ace-
tate, which is used to reduce the tailing of compounds
with carboxyl functions such as retinoic acids, had sev-
eral advantages over other buffering systems, such as
phosphates and acetic acid, in being chemically stable in
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Figure 2. Separation of retinol,
13-cis-retinoic acid, all-trans-reti-
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retinoic acid 0.33 pmol/L, 3.09 min
tocol (1S), 5.38 min gamma-toco-
pherol 7.44 pmol/L, 6.05 min
alpha-tocopherol 22.56 pmol/L).
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Figure 3. Stability of all-trans-retinoic acid in methanolic sol-

ution at concentration 1.82 umol/L at different temperatures
(calculated by internal standard).

methanol and water, and suitable for masking the resid-
ual silanol functions [22]. Thus symmetrical peaks and
better separations of analytes were possible.

Extraction of retinoids by use of the SPE techniques
has been known to give low recoveries which are most
probably caused by their highly protein-binding nature
and their poor solubility in aqueous media [16].

Several procedures for sample pretreatment have been
developed. Sample preparation is usually restricted to a
liquid extraction procedure to liberate retinoids from
the matrix and to solubilize them for subsequent injec-
tion onto a HPLC system. Some investigators used an on-
line solid-phase extraction in combination with column
switching [28]. Retinoids are sensitive to light, oxygen,
and heat, all of which have to be considered in relation
to sample collection and storage [13, 29]. Only a few
examples exist where biological samples were applied to
an analytical column without prior extraction [13, 30].
Gundersen and Sakhi used on-line SPE [16, 30]. Various
methods for liquid-liquid extraction of retinoids were
performed [31-33|. To extract all retinoids efficiently
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Figure 4. Stability of 13-cis-retinoic acid in methanolic solu-
tion at concentration 1.54 pmol/L at different temperatures
(calculated by internal standard).

from the biological matrix, a mono-phase liquid extrac-
tion utilizing isopropanol was employed |34]. Tocopher-
ols were extracted into hexane using ethanol or ethanol
with 1% of methanol as deproteinization solution |23,
35, 36].

Solid phase extraction of retinoids is very complicated.
The reason may be the lack of good recovery when
untreated plasma samples are applied to reversed phase
stationary phases [13]. McPhilips et al. precipitated
plasma proteins with acetonitrile and diluted the super-
natant with acetic acid before SPE on C18 cartridges [37].
Plasma was extracted with tert-butyl methyl ether, using
Extrelut columns, followed by a second clean-up on
amino columns [13]. Vitamin E was extracted with other
vitamins using a robotic station for liquid-liquid extrac-
tion, connected on-line with an automatic system for
solid-phase extraction [38].

4.1 Application of the method

A simple, reproducible, and rapid method using mono-
liths that allows high throughput determination of phys-
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iological and pharmacological concentrations of reti-
noids and tocopherols in serum samples is presented.
Potential utilization of the method includes monitoring
of drug concentrations in patients treated with retinoic
acid for acute promyelocytic leukemia or for other malig-
nancies in clinical trials. The monitoring of serum all-
trans-retinoic  acid concentrations is important in
patients treated with this substance because of variations
in pharmacokinetics and autoinduction of catabolism |4,
5]. Moreover, retinoic acid metabolism could be altered
because of comorbidity, which is frequent in cancer
patients. All-transretinoic acid is currently the standard
therapy for acute promyelocytic leukemia, but 13-cisreti-
noic acid may also be active in other tumors, e. g. squa-
mous cell carcinoma of head and neck or uterine cervix
(2, 6]. Retinoids are also under active investigation for
cancer prevention, and monitoring of serum retinoic
acids concentrations may also be useful in chemopreven-
tive trials. Retinoic acids have also been studied in non-
neoplastic disorders, such as emphysema [39].

The available data on serum retinoic acid concentra-
tions in normal subjects or patients are limited, espe-
cially when compared with the data on other retinoids,
e.g. retinol. Serum retinoic acid concentrations in nor-
mal subjects are in the nanomolar range, usually
between 3 and 8 nmol|L [28, 39, 40], but slightly lower
concentrations have been reported elsewhere [41]. Serum
retinoic acid concentrations two orders of magnitude
higher have been observed after oral administration [4,
5, 42]. A less dramatic increase of serum retinoic acid has
been described as a result of a diet rich in retinoids or
vitamin A supplements [43]. Lower retinoic acid concen-
trations have been reported in newborns [44] or during
fasting [45]. Lower levels of serum retinoic acid have been
observed in patients with lung cancer [46]. In animals, an
increase of serum retinoic acid has been associated with
inflammation [47]. However, there is little data on serum
retinoic acid in patients with other tumors and in cancer
patients during different phase of the disease, or before
and after surgery, chemotherapy, or radiation.

So far, in most publications, alpha-tocopherol has
been investigated in epidemiological studies in relation
to cancer risk. For example, lower vitamin E concentra-
tions have been reported in patients with breast cancer
[48]. An association of low vitamin E intake and toxicity
of chemotherapy has been reported in children with
acute lymphoblastic leukemia [39]. We reported a similar
observation in patients with breast and ovarian card-
noma treated with paclitaxel/platinum combination
[49]. In addition, the administration of vitamin E has
been shown to alleviate toxic effects of radiotherapy [10]
or chemotherapy [13]. Although serial monitoring of vit-
amin E levels is a necessary prerequisite for any thera-
peutic use of this antioxidant vitamin, serum vitamin E
is still not being routinely measured in cancer patients.
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5 Concluding remarks

In this work, a new fast and simple HPLC method for
selective and sensitive determination of all-trans-retinoic
acid, 13-cisretinoic acid, retinol, gamma- and alpha-toco-
pherol in human serum using a monolithic column for
clinical monitoring was developed and validated.

This method may be useful for pharmacokinetic moni-
toring of patients treated with retinoic acid for acute pro-
myelocytic leukemia or patients with other tumors
treated in clinical trials. This method will allow analysis
of a large number of samples in dinical studies at rela-
tively low cost, resulting in a better understanding of the
metabolism of these compounds.

This work was supported by GAUK 88407/2009, MZ0 00179906,
IGA MZ CR NR/9096-4 and MSM 021620822.

The authors declared no conflict of interest.
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Abstract

Increased serum or urinary concentrations of neopterin have been described in patients with tumors of different
primary locations, but reports on neopterin in patients with esophageal carcinoma are scanty. We have studied
serum neopterin, retinol and alpha-tocopherol in 45 patients with carcinoma of the esophagus or gastroesophageal
junction. Serum neopterin was determined using radioimmunoassay. Retinol and alpha-tocopherol were deter-
mined by high-performance liquid chromatography. Serum neopterin in patients with carcinoma of the esopha-
gus was significantly increased while retinol and alpha-tocopherol were significantly decreased compared to con-
trols. No correlation of neopterin with hemoglobin or peripheral blood cell counts was observed. During
chemoradiation, neopterin increased significantly, while retinol and alpha-tocopherol did not change. In conclu-
sion, the present study demonstrates increased serum neopterin and decreased retinol and alpha-tocopherol con-
centrations in patients with esophageal carcinoma. Chemoradiation induced a further increase of serum neopterin
concentrations.

Key words:

Introduction

In Western countries, esophageal carcinoma is a re-
latively rare tumor. The mortality of patients affected
with esophageal carcinoma is, however, high. Only
a minority of patients presents with resectable tumors,
and in patients who undergo resection the local and
distant recurrence rate is high. Long-term survival may
be obtained in only about 20% of patients undergoing
radical resection. It has been demonstrated in random-
ized clinical trials that the administration of
chemotherapy combined with external beam radiation
increases the resection rate and improves survival
compared to patients treated with surgery alone (1).

Preoperative (neoadjuvant} chemoradiation increa-
ses the percentage of radical operations and improves
survival, however, at a price of significant toxicity.

alpha-tocopherol, esophageal carcinoma, neopterin, retinol

Anemia commonly accompanies cancer and antitumor
therapy (2). In many tumors, including esophageal car-
cinoma, low hemoglobin is associated with poor prog-
nosis. In cancer patients, anemia is usually related to
alterations of iron metabolism (3). In most cases, this
is the anemia of chronic disease. An important part in
pathogenesis of anemia associated with cancer is
played by disorders of iron metabolism associated with
systemic inflammatory response that is reflected in
increased C-reactive protein or neopterin concentra-
tions (4, 5). Neopterin is a heterocyclic compound
which is primarily produced by human macrophages
activated with Thl-type cytokine interferon-gamma.
Thus, neopterin is an indicator of systemic immune
activation (6). Increased urinary or serum neopterin
concentrations accompany infectious and autoimmune
disorders as well as cancer. In patients with cancer
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Table 1. Patient demographics

Parameter n
Sex Male 35
Female 10
Histology adenocarcinoma 17
squamous cell carcinoma 28
Location esophagus 33
gastroesophageal junction 12
Stage I-1la 23
IIb-III 13

IV (distant metastases) 9

increased neopterin is associated with poor prognosis.

In previous studies we have demonstrated that sys-
temic chemotherapy is accompanied by a significant
rise in urinary neopterin that indicates systemic
immune activation during chemotherapy (7). The rise
of neopterin correlated with other abnormalities, e.g.
decreased hemoglobin. Other studies have also con-
firmed the prognostic significance of neopterin in can-
cer patients. On the other hand, our knowledge con-
cerning neopterin in esophageal carcinoma is very lim-
ited. Neopterin and dihydroneopterin are an
oxidant/antioxidant system and changes in neopterin
concentrations may be involved, at least partly, in
changes of antioxidant equilibrium (8).

Oxidative equilibrium is also linked to the concen-
trations of some liposoluble vitamins, e.g. vitamin A or
vitamin E (9). In earlier studies we have demonstrated
significant changes in the serum concentrations of
vitamins A (retinol) and E (alpha-tocopherol) (10).
Alpha-tocopherol is a major serum antioxidant and
changes in the concentrations of these vitamins are
also associated with oxidative stress. A decrease of
alpha-tocopherol correlated in cancer patients with the
presence of systemic inflammatory response, and con-
centrations increased after chemotherapy (10).
Changes in serum alpha-tocopherol were also associa-
ted with differences in the tolerance of chemotherapy
(10). Because of significance of nutritional parameters
in patients with esophageal carcinoma it is expected
that changes in the concentrations of these vitamins
will occur during neoadjuvant chemotherapy that
could reflect the course of therapy.

The literature on neopterin as a marker of systemic
immune activation in patients with esophageal carci-
noma is limited (11). In the present study, we evaluat-
ed serum neopterin, alpha-tocopherol and retinol in
patients with esophageal carcinoma. Correlation with

Pteridines/Vol. 20/No. 2

hemoglobin and peripheral blood cell counts was also
evaluated.

Materials and Methods

Forty-five patients, 10 females and 35 males, aged
(mean + standard deviation) 61 + 11 (range 36 - 85)
years, with histologically verified carcinoma of the
esophagus, including 12 patients with tumors invol-
ving gastroesophageal junction, were included in the
study (Table 1). Seventeen patients had adenocarcino-
ma, including the 12 patients with tumors involving
gastroesophageal junction, and 28 patients had squa-
mous cell carcinoma. Neopterin, retinol and alpha-
tocopherol determination was performed in serum
samples obtained for biochemical examination during
routine care after the patient consent. The samples
were obtained before therapy in 42 patients. Ten
patients were examined before and after chemoradia-
tion that included systemic administration of cisplatin
and 5-fluorouracil and external beam radiation therapy.
In three patients, samples were obtained after
chemoradiation. Twenty healthy subjects, 15 females
and 5 males, aged 43 + 12 (range 25 - 61) years, served
as controls.

The samples were stored at - 20 °C until analysis.
Neopterin was determined with radioimmunoassay
using a commercial kit (BRAHMS, Hennigsdorf,
Germany) according to the instructions of the manu-
facturer. Serum alpha-tocopherol and retinol were
determined before and during the therapy by high per-
formance liquid chromatography as described (12).
Blood samples were drawn from a peripheral vein after
an overnight fast. The samples were transferred imme-
diately to the laboratory, centrifuged (1600 x g, 10
minutes, 16°C), the serum was separated and frozen at
— 20°C until analysis. In the liquid-liquid extraction
procedure, 500ul of serum was deproteinized by cool
ethanol denatured with 5 % methanol (500ul, 5 mi-
nutes, 4°C). Subsequently, 2 500ul of n-hexane was
added to this mixture and extracted for 5 minutes by a
vortex apparatus. After centrifugation (1 600 x g, 10
minutes, 0°C), the aliquot (2 000ul) of the clean
extract was separated and evaporated in a vacuum con-
centrator (45°C). The residue was dissolved in 400pul
methanol and analyzed by reversed-phase high per-
formance liquid chromatography using the external
standard calibration. The analyses were performed
using the Perkin Elmer high performance liquid chro-
matography set (Norwalk, USA) comprising of a LC
200 pump, a LC 200 autosampler, LC Column Oven
101 thermostat and LC 235C Diode Array Detector
attached to the Perkin Elmer Turbochrom Chromato-
graphy Workstation version 4.1. Separation of alpha-
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tocopherol and retinol was performed using the
Chromolith Performance RP-18e, 100 x 4.6 mm
monolithic columns (Merck, Darmstadt, Germany).
Methanol (100 %) was used as the mobile phase at the
flow rate of 2,5 mlmin-1 and column pressure 3.3
MPa. The block heater LC Oven 101 (Perkin Elmer,
Norwalk, USA) was utilized to keep the analytical col-
umn temperature at 25°C. The injection volume was
50pl. The detection of alpha-tocopherol and retinol
was carried out at 295 nm and at 325 nm, respectively.

Peripheral blood cell count was performed using
Coulter LH 750 (Beckman Coulter, Miami, FL, USA}
and Sysmex XE-2100 (Sysmex, Kobe, Japan) hema-
tology analyzers according to the instructions of the
manufacturers. Hemoglobin was measured by a photo-
metric method using sodium lauryl sulfate. Leukocytes
were detected by flow cytometry method using a semi-
conductor laser, and platelets by impedance method
using hydrodynamic focusing.

Differences of laboratory parameters between
groups of patients or controls were analyzed by the
Mann-Whitney U test. Differences before and after the
therapy were compared by Wilcoxon signed rank test.
Correlations were analyzed using Spearman's rank cor-
relation coefficient. The decision on statistical signifi-
cance was based on p = 0.05 level. The analyses were
performed using NCSS software (Number Cruncher
Statistical Systems, Kaysville, Utah, USA).

Results

Average serum neopterin concentrations in patients
with carcinoma of the esophagus or gastroesophageal
junction was significantly increased compared to con-
trols (mean + standard deviation 7.5 + 6.4, range 3.7 -
46.0 vs. 4.6 £ 0.8, range 3.5 - 6.8 nmol/L, p = 0.0002).
In contrast, serum alpha-tocopherol and retinol were
significantly decreased (18.6 + 8.0, range 1.7 - 37.4 vs.
229 £ 6.1, range 14.8 - 41 4pmol/L, p <0.001, and
1.23 + 0.61, range 0.23 - 3.04 vs. 1.67 + 0.26, range
1.17 - 2.15umol/L, p <0.05, respectively). In patients
mean hemoglobin was 138 + 19 (range 82 - 165) g/L,
mean leukocyte count was 8.5 + 2.4 (range 4.3 - 13.6)
x 10°/L, and mean platelet count was 282 + 95 (range
114 - 581) x 10%L. No significant differences in the
investigated parameters were observed based on stage
or histology with the exception of significantly lower
retinol (1.07 £ 0.60, range 0.23 - 3.04 vs. 1.49 + 0.54,
range 0.95 - 2.62umol/L, p = 0.01) and alpha-toco-
pherol (16.1 + 8.7, range 1.7 - 37.4 vs. 22.5 £ 4.9,
range 11.7 - 32 2pmol/L, p «<0.01) in patients with
squamous histology compared to patients with adeno-
carcinoma.

In 10 patients, samples were obtained before thera-

py and after chemoradiation and neopterin was signi-
ficantly increased by treatment, (6.2 £ 2.0 vs. 12.1 £
4.6 nmol/L, p = 0.005; Fig. 1). No such change has

20 4
18
16 -

neopterin (nmol/L)
o N A

before therapy after therapy

Figure 1. Serum neopterin concentrations before and
after chemoradiation

been observed in serum alpha-tocopherol and retinol
concentrations (12.9 + 7.2 vs. 15.7 = 7.5, and 1.09 +
0.44 vs. 1.15 £+ 0.64pmol/L, respectively). Hemoglo-
bin concentration, leukocyte and platelet counts were
significantly decreased compared to pre-treatment
evaluation (147 £ 13 vs. 115+ 10 g/, p <0.01, 8.1 +
1.6 vs. 5.0 + 1.8 x 10%L, p = 0.008, and 247 + 59 vs.
177 £ 53 x 10%L, p <0.05, respectively).

In patients serum neopterin correlated significantly
with age (r; = 0.65, p <0.00001), and retinol correlated
with alpha-tocopherol (r, = 0.54, p <0.001). No other
significant correlation was observed between serum
neopterin and retinol, alpha-tocopherol and hemoglo-
bin concentrations or leukocyte or platelet counts in
patients before therapy or after chemoradiation.

Discussion

Present data demonstrate increased serum neopterin
concentrations in patients with esophageal carcinoma.
An increase in serum or urinary neopterin concentra-
tions in cancer patients has been amply documented
(13, 14), but little is known about neopterin in patients
with carcinoma of the esophagus (11). In the present
study, we demonstrate increased serum concentrations
of neopterin in patients with carcinoma of the esopha-
gus or gastroesophageal junction that were accompa-
nied by decreased concentrations of retinol and alpha-
tocopherol.
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Neopterin is increased in different disorders associ-
ated with systemic immune or inflammatory response,
therefore determination of neopterin would be of little
use in diagnosis. In patients with tumors of different
primary locations, increased serum or urinary
neopterin concentrations were associated with poor
prognosis (13, 14). In earlier studies, correlations were
observed between lower numbers or impaired function
of lymphocytes or dendritic cells and increased
neopterin concentrations (13). Thus, increased
neopterin concentrations are thought to reflect immune
dysregulation. An increase in serum neopterin has been
observed in patients treated with chemoradiation indi-
cating that the therapy results in systemic immune acti-
vation. Activation of systemic immune or inflammato-
ry response has been earlier reported after the adminis-
tration of cytotoxic agents (7) or radiotherapy (15). For
example, in patients with breast carcinoma treated with
neoadjuvant chemotherapy, we have observed
increased urinary neopterin concentrations throughout
the course of treatment (7).

In patients with esophageal carcinoma, increased
concentrations of C-reactive protein, a marker of sys-
temic inflammatory response, were reported that were
associated with poor prognosis (16). The number of
patients in the present study and short follow up did
not allow us to investigate the prognostic significance
of serum neopterin concentrations, but the prognostic
significance of neopterin in esophageal carcinoma
should be addressed in future studies. Nutritional defi-
ciency is common in patients with esophageal carcino-
ma (17). Therefore, lower concentrations of retinol and
alpha-tocopherol might be expected. No correlation of
retinol or alpha-tocopherol was observed with serum
neopterin.

A negative correlation between serum neopterin
concentrations and hemoglobin has been described in
patients with hematological and gynecological malig-
nancies (4, 5). In the present cohort of patients, anemia
was present only in a minority of patients, and mean
hemoglobin concentrations indicate that a substantial
proportion of patients had hemoglobin concentrations
increased above normal range. Low hemoglobin con-
centrations are associated with poor prognosis in many
tumors, but in patients with esophageal carcinoma both
high and low hemoglobin predicts poor prognosis (18).
No correlation was observed between hemoglobin and
neopterin before or after the treatment, possibly
because abnormal hemoglobin concentrations in
esophageal carcinoma are observed both in high and
low range.

In conclusion, serum neopterin is increased in
patients with esophageal carcinoma. A further increase
was induced by chemoradiation. Increased neopterin
concentrations were accompanied by decreased serum

Pteridines/Vol. 20/No. 2

retinol and alpha-tocopherol.
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ly influence tissue perfusion, oxygen and nutrient supply, tissue regeneration and
in its consequence the course of pathological processes, especially in microcirculation and partially even in macrocirculation.
Haemotheotherapy has shown (o be successlul in several indications (critical disorders in microcirculation) when other methods
ol therapy have failed. In this study we describe the changes of effectivity indicators in haemorheopheresis treatment and their
clinical importance in cases of eye microcireulation, statoacoustic apparatus and disorders of the lower extremities. We treated
with haemorheopheresis (scparator Cobe.Spetra 4 Evaflux filler) 24 patients (16 patients with age related macular degeneration,
5 with critical pecipheral arterial foot disease, and 3 with acute hearing loss). After the procedures cxy-macroglobulin decreases
by about 58%, fibrinogen by about 69%, IgM by about 61%, LDL-cholesterol by about 77%, apolipoprotein B by aboul 76%
and lipoprotein(a) by about 63%. It comresponds with a decrease in biood and plasma viscosity and clinical improvement in
(he observed patients, i.e. visual improvement, acceleration of tissue defect healing and improvement in hearing. We noticed
7.1% clinically insignificant side-cifects. The method of haemorheopheresis was safe. 1t led (o improvement in patients’ clinical
condition in the above mentioned indications when other methods of treatment failed.

oy microcireulation, age related macular degeneration, diabetic foot, acute hearing loss

e LT 3 T R P
MLy winuh. LiaciiiGiralGitgy

Abstract. Rheological conditions basical

1. Introduction

related to blood flow, which is determined from the blood vessels and the rheol-

Organ perfusion is
ogy as related to whole blood

ogy of the blood, both of which are related (o cach other. Blood rheol
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viscosity is mainly determined from the blood cells and plasma. The fluidity of plasma is mainly deter-
mined from high molecular weight protein molecules as the molecular weight relates to the molecular
size [12]. Physical laws related to blood rheelogy andfor organ perfusion are Ohm’s law, Newton’s law,
Farhreus-Lindquist’s law, Starling-Straubs and Kirchhoff’s law. Hagen—Poiseuiile’s law is of major in-

ferest as it hints at the importance of viscosity under conditions wherc other variables can hardly be

influenced [6]. Thus a set of vaiablcs arises alang with a new situation in the tissue microcirculation at

:ch moment. Final theological relations substantially influence tissue perfusion, supplying oxygen and

Calh momeaen
nutrients, tissue regeneration and consequenily the cntire course of pathological processes, especially
e b

in the blood microcirculation and partially in macrocirculation. Blood rheology was considered & be
of limited clinical importance until extracorporeal technologies enabling the treatment of cellular and
plasmatic hyperviscosity syndromes were introduced in the second half of the 1970s. Since then, with
the ongoing development of secondary differential separation techniques (such as precipitation), double
filtration and rheohacmapheresis have been used for extracorporeal haemorheotherapy. Haemorheother-
apy proved successful in several indications when critical disorders in the microenvironment developed
and other therapeutic methods used up to that time had failed [30].

Rheological therapy is aimed at the improvement of clinical conditions. its cffectivity could be mea-
sured by changes in the main indicators of rheological conditions in tissues. As the fividity of plasma is
mainly determined by high molecular weight proteins, haemorheopheresis is directed to clearing away
components such as fibrinogen, IgM, complement, cr»-macroglobulin, lipoproteins (LDL-cholesterol).
Molecules of molecular weight less than 150,000 are left in plasma.

In this study we describe changes in theological effectivity indicators in the course of haemorheother-
apy and their clinical importance in cases of microcirculatory disorders.

2. Methods

2.1. Our modification of haemorheopheresis

Plasma without cellular elements after high-speed centrifugation, obtained with a quality separator
(Cobe-Spectra, Denver, USA) is drawn through a second level — filter. We used Evaflux 4A (Kuraray,
Osaka, Japan) as the secondary Gilters. Plasma flow is continual, anticoagulation is carried out with a
basic bolus of heparin and then continually with ACD-A (Baxter, USA) solution. The amount of washed
plasma was counted with a Cobe-Spectra separator computer. In every therapeutic series, the amount
washed was 1 body volume during the first procedure and 1.5 volume in all following procedures. The
size of the filter pores enables catchments of a considerable amount of LDL-cholesterol, lipoprotein(a),
fibrinogen, o-macroglobulin and immunoglobulins, especially IgM. Other technical details are the same
as during haemapheretic procedures (a more detailed description is in [2,3,6]).

2.2. Laboratory investigations

The basic examinations were carried out: blood count, basic biochemical profile (Na, K, Cl, Ca, P,
urea, creatinine, urine acid, bilirubin, AST, ALT, creatine kinasis, alkali phosphates, total protein, al-
bumin), spectrum of lipoproteins (total cholesterol, LDL-, HDL-cholesterol, lipoprotein(a)), triacylglyc-
erols, apolipoprotein A, apolipoprotein B; further fibrinogen levels, o -macroglobulin and immunoglob-
ulins. Samples were collected before and after hemorheopheresis. The laboratory which performed lhe
measurements is cerlificd and accredited in the programs EQA SEKK (Czech Republic) and DGKL.
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(Germany). Informed consent was obtained from ail paiienis. The study protocel wes approved hy the

Institutional Bthics Committee, and the reported investigations were in accordance with the principles
of the current version of the Helsinki Declaration.

2.3. Putients and controls

We treated with hemorheopheresis 24 patients with severe disorders of microcirculation. Treating
them with other known and accessible methods had proven unsuccessful.

2.3.1. Age related macular degeneration (AMD)

A total number of 29 eyes in 16 patients with dry AMD
to 2007, aged 64 + 5 years (5571, mean 63). In all patients, progressive, dry AMD was confirmed.
Diagnosis was carried out with digital fundus photography of the eye, fluorescein angiography (FAG)
and optic coberent tomography (OCT). The contro] set was formed by 25 eyes in 16 comparable patients
(with the same disease). The design of the study was the same as the to that time largest published
MIRA-1 study [28], i.e., 2 procedures weekly, then a 14 day pause, repeating the procedure four times.
The introduced ophtalmologic examinations were carried out before and after the procedures, that is,

after the first, the fourth and the last procedure.

were randomized for treatment from 2003

2.3.2. Peripheral arterial foot disease
A total of 5 patients were treated with ischemic arterial foot disease of grade III or IV according to the

Fontain classification. They fulfilled the criteria of critical extremity ischemia (CLI) according to TASC
(Transatlantic Inter-Society Consensus 2007) [24]. The patients were two women (62 years in age) and
three men (51, 56 and 61 years old). A series of 10 hemorheophereses (2 procedures a week, followed by
a 2 week pause, then the whole process was repeated five times) were used. It was “ultimum reffugium”
treatment when in spite of the application of medicamentous and surgical means amputations of the

extremities threatened.

2.3.3. Sudden hearing loss

Three patients were treated (2 men age
of acute idiopathic sudden sensorineural h
accompanied with tinnitus, lasting 1 week,
procedures were carried out over a span of two weeks.

d 50 and 61, and 1 woman aged 68). All fulfilled the criteria
caring Joss (SSHL) (27,33,34]. The disorder was unilateral,
{ month and 3 months, respectively. In each patient the three

3. Statistical analysis

The aim of the evaluation was L0 measure determined parameters in investigated sets and to evaluate
the parameters before and after apheretic procedures, and in AMD cases to compare tie results with the
control set. Microsoft Excel 2003 statistical software and NCSS 2007 were used for statistical evaluation.
For evaluation of the normality of the data distribution in the sets we used the D’ Agostine test. Student’s
{-test, F-test and Pearson’s correlation coefficient were used for normally distributed data. For the sets
with data distribution in which normality was not confirmed, the Mann—Whitney test, Wilcoxon’s paar
{est and Spearman’s correlation coefficient were used. Statistical significance was judged on the level of

n = 0.05.
The software S
evaluated in three categories: worsening

STAT § was used for statistical calculation during AMD cvaluation. Visual acuity was
, improving and without change. Independence of frequencies of
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separate categories between the treated patients and the control set was evaluated with Pearson’s y -test
on the significance level 5%. For drusen evaluation the results of the examination were arranged, due
to the smali number of values, into two categories (worsening in comparison with improvement or no
change). Fisher’s exact test was used for the evaluation.

L PO 14 L)

4. Results

The safety of the procedures was confirmed by the resuits of the investigated blood counts and basic

biochemical indicators. No clinically serious changes were noted (results not given). cxa-Macroglobulin,
IgM, fibrinogen, lipoproteins and their effect on blood and plasma viscosity were evalualed as the indi-
cators of rheopheresis procedure effectivity (see Table I).

(Note: Results of patients with acute hearing loss are not given in Table 1, since the small number does

not enable statistical evaluation.} A decrease appeared even in PAD in almost all indicators, but not sta-
tistically significant in cxz-macroglobulin and IgM; it might be due to the small numbers used in this set.

4.1, Clinical results

Clinical results could be briefly summed up by stating that they corresponded with significant im-
provement in rheological parameters.

Table 1
Indicators of rheological effectivity — patients according to diagnosis
Followed parameter  Diagnosts N Before procedure After procedure Statistical %o of ditference
Mean SD Mean SD sigaificance
Immunoglobutin M AMD 40 1.35 0.62 0.52 0.53 <0001 —61.48
PAD 10 1.325 0.6174 1.088 0.8465 0.3497 -17.89
orz-macroglobulin AMD 40  147.76 4217 62.62 319 <0.001 —57.62
PAD 10 1234 41.987 90.4 49.327 (3.2095 ~26.74
Fibrinogen AMD 38 3.121 0.6303 0.9813 0.311 <0.001 —68.58
PAD 10 4.711 1.9233 1.992 0.8284 0.0005 ~57.74
Total cholesterof AMD 38 4.2834 1.139 1.6416  0.4075 <001 ~61.68
PAD 10 3.76 1.28 1.92 0.78 0.0052 —48.93
LDL cholesterol AMD 38 2.4016 0.9458 0.6093 0.27384 <0.001 —75.00
PAD 10 2.165 0.9769 0.892 0.4006 0.0017 —58.7¢
HDL cholesterol AMD 38 1.3729 0.2933 0.8037 0.18 <0.001 —-41.60
PAD 10 1.004 0.233 0.763 0.5371 0.1716 —24.00
Apo B AMD 38 0.7347 0.222 0.175 0.082 <0.001 -76.02
PAD 10 0.683 0.2418 0.296 0.1597 0.0025 ~56.22
Lp(a) AMD 38 0.1634 0.1948 0.0603 0.0918 <0001 ~63.19
PAD 10 0.358 04236 0.151 0.1753 0.0336 —57.82
Blood viscosity AMD 37 6.4386 1.0194  5.5286 0.8776 <0.001 —14.13
PAD 10 5.69 [.12 5.49 0.61 (.5789 -3.51
Plasma viscosily AMD 37 2.1081 0.4518 1.8367 0.3814 0.001 —12.85
PAD 10 2.11 0.53 1.66 0.37 0.0179 -21.32

Legend: PAD —~ peripheral arterial ischemic disease; AMD - age related macula degeneration; HDL - high densily lipopratein;
L.DL — low density lipoprotein; ApoB — apolipoprotein B; Lp(a) - lipoprotein (a).
Statistically significant changes are pointed oul.
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Table 2
Survey of drusen occurrence in the patients [rom the followed set and in the controls

Set of patients Worse or Improvement of Number of
same finding about 25% or more eyes in total

Control group 25 0 25

Followed st I8 i1 29

Total 43 11 54
Test statistic Value Df. Prob.
0.00

Fisher’s exact test (two-tail)

Legend: In patients from the followed set, a decrease in the finding of the soft drusen
accurred in 11 cascs, but in the control sel in none of the cases.

Patients with AMD were followed up to 15.5.2008 for a total of 17.6 £ 10.8 months (5-35), me-
dian 12. In 16 patients with dry AMD, a reduction of more than 25% in the size of drusen occurred in
11 eyes in 9 patients (see Table 2). In 5 out of 7 eyes with retina pigment epithelial detachment, signif-
icant reduction occurred, which did not happen in any of the controls. BCVA improved in patients: in
6 eyes about 1 line of ETDRS optotypes, about 2 lines in 3 eyes, about more than 3 lines in one eye. Only
once did vision worsening of about 1 line appear, and likewise only once did vision worsening appear
of about 3 lines within one year of completing treatment (in 14 eyes the vision remained the same). On
(he contrary, in controls the drusen increased in 6 eyes (absorption was observed only in one drusen, but
was replaced by RPE atrophy; in the place of the original drusen window an RPE defect originated on
the fluoroangiogram). In 2 eyes retina pigment epithelial detachment developed, and in 11 eyes vision
worsening occurred (5x about 1 line, 4x about 2 lines and 2X about 3 lines). When we evaluate visual
acuity in the whole group against controls, a statistically significant difference is present in benefit of

patients treated with rheopheresis (p = 0.05). For percentages in patients and controls, sce Fig. 1.
We followed up on 7 patients for more than one year (up to 35 months) after treatment and no progres-
angiography) occurred; in the

sion of the findings in terms of worsening ot the fundus oculi (fluorescent
controls 1x significant progression to wet AMD appeared: central neovascularisation developed (CNV).
The development of CNV and loss of visual acuity are associated with lower choroidal circulatory para-
meters at baseline. In addition, some authors suggest that decreases in the foveolar choroidal circulation
precede the development of CNV in AMD and may play some role in its development [22]. Changes in
the flow through chorioidea compared with the findings of Soudavar et al. [32] were not found in our
set.

In the patients with PAD a series of 10 rheophereses was efficient. In 4 cases, positive effects from
healing (2x) or faster ulceration healing and impediment of the necessity

treatment appeared, i.e. total
of amputation. In both patients where rmacioan giopathy prevailed, complete or nearly complete healing

of the defect and an increase in transcutaneous oXygen pressure occurred. In two patients with microan-
giopatia, TepOs also increased but did not show significant values. In the fifth patient, theopheresis did
not have any effect, disease progression inevitably continued and ended with amputation in the crus.

Rheologically important parameters were influenced positively in sudden hearing Joss. The LDL-

cholesterol, atherogenity index, fibrinogen and whole blood viscosity dropped significantly in all pa-
tients. The results of the treatment 11 patient No. | are shown in Fig. 2 (the results before the therapy and
after the first, second and third procedure). Concerning the patients with sudden hearing loss, improve-

ment in hearing of about 6.3 dB according to the WHO, i.c. 5% according Lo Fowler, was achieved in only
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Fig. 1. Changes of visual acuily in paticnts and conteols. Axis y: percentage of patients or controls; axis x: changes of visual
acuity in the patients after theopheresis reatment and in the controls: middle value 0 is used lor the initial vision value. At the
left as negative values, mean vision worsening is marked of about | up to 3 lines, while at the right mean vision improvement
in the patients and the controls is shown. Visual acuily was measured by EDTRS charts.
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Fig. 2. Laboralory results after hemorheophereses. LDL = LDL cholesteral level; TAG = triacylgycerols; Al = atherogenity

index.
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one patient. The most important fact for this patient was that tinnitus disappeared (it was 300 Hz/33 dt
before treatment). In the second patient, though an important decrease of lipoproteins values and rhe
ological parameters was reached, hearing improvement was only about 1.2% according to Fowler, anc
tinnitus, which was found at the beginning of treatment, did not disappear. In the third patient, the hear
ing of only her healthy right ear normalized to the values before treatment. Chronic tinnitus, however

remained uninfluenced.

5. Discussion

Haemorheotherapy is clinically successful in several indications where serious disorders in the area oi
microcirculation play an important role [26,36]; in other circumstances/situations where there are as of
yet no cogent studies, positive results could be expected in the future. Some results of pathophysiological
experimental works or published anecdotic cases testify to it.

Concemning ophthalmology, studies on treatment of effusion syndrome, uveitis, diabetes macul opathy
with oedema, central vein thrombosis (inclusive prestasis syndrome) and age-related macular degenera-
tion [6,7,9,13,15,16] have been carried out. In the case of AMD, the experience till now is exceptionally
interesting. Positive results were observed by the following studies: MAC-I at the University of Cologne,
Germany; Utah-trial at the University of Salt Lake City, USA; MAC-II at the University of Frankfurt;
MAC-III at the University of Hamburg and additional centres in Germany — for more details, see [6,15,
16]. Our opinion is affirmative. Considerable confusion has been aroused by preliminary results from the
Mira 1 studies; it is an extensive sham-controlled, randomized, multicenter rial in the US. Encouraging
preliminary results were later challenged and a clear positive effect was not proved [28,29]. However,
37% of the treated cases did not meet inclusion criteria. The study will certainly be more specific in
the future. The situation in this area is very complicated and includes several considerations, since im-
provement in visual acuity after treatment is usually considered a decisive factor. We suppose that in
evaluating the treatment results, it is not suitable to evaluate them by only one decisive criterion, namely
visual improvement. In a number of cases, the changes to the retina are irreversible, and in these cases
the conclusions of Donaldson and Pulido (2006) are valid (8]: “The holy grail of therapy for age-related
macular degeneration is to avoid the development of choroidal neovascularization”. Prevention of AMD
progression is a quite sufficient effect, as it prevents practical blindness. Moreover, even if we start rheo-
pheresis treatment in time (in agreement with the opinions held up till now), visual acuity could be still
normal or only slightly worse, thus making evaluation difficult. The decisive maiter here is also whether
the treatment prevents progression of the disease to the stage where vision is considerably worsened.
Nonetheless, we observed in our 16 patients with dry AMD significant improvement (p = 0.05) against
controls upon evaluation.

Even further clinical evaluation sounds numerically better in favour of the investigated set. drusei
reduction, reduction of retina pigment epithelial detachment, and prevention of progression in(o CNV.
The number of cases is small for a reliable statistical evaluation. In spite of this, we attempted an evalu-
ation: Fisher's exact test for the small sets of data was used to evaluate drusen findings. The (est resultis
statistically significant (for improvement in the followed set — see Table 2).

We carried out one preventive hemorheopheresis after one year of (ollowing up of the patients. We
used as a basis for this procedure the experience of a centre in Germany (Deutsche Hemapheresis Zen-
trum, Koln/Rhein) [5], where it was found that (he character of discase demands further careful obser-
vation and possibly further procedures according to the patient’s condition.
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Haemorheotherapy may improve blood Bow through small vessels by reducing both plasma and blood
viscosities as well as erythrocyte and thrombocyte aggregability [4, 19.20,23,26]. Impaired flow in blood
vessels beneath the retina (in the chorioid) is thought to contribute to the development of dry macular
degeneration. We did not find improvement in blood flow through the choroidea after rheopheresis,
unlike other authors [22,32].

Al present, concerming AMD, it is possible to make only partial conclusions. Hemorheopheresis ther-
apy in AMD has travelled a bumpy road. ‘1he first study was carricd cut at the TTniversity of Utah in
the USA. Buropean studies have previously stated the positive effect of hemorheopheresis on dry AMD,
and our study supports this conclusion. The Mira-1 study, though it had very encouragiug iiitial LG
did not have further compelling effects. On February 3, 2006, OccuLogix announced that a preliminary
analysis of MIRA-1’s “intent to treat the population” had indicated that the study did not demonstrate a
statistically significant difference in the mean change of Best Spectacle-Corrected Visual Acuity (when
applying the Early Treatment Diabetic Retinopathy Scaie, the «ETDRS BCVA”) between the treated
and placebo groups at 12-months post-baseline. As expected, the treated group demonstrated a positive
response. There was, however, an anomalous outcome for the control group. The study was probably
flawed, (partially) scientifically and by the choice of controls. A complementary study was planned and
in spite of the fact that it was approved by the FDA, it was unfortunately interrupted at the end of 2007,
most probably due to financial reasons. Further development will bring definitive results (1,25,29]. Our
study proved positive results of theopheresis treatment in AMD concerning improvement in rheopheretic
indicators as given above and in the same way as in clinical results.

Concering patients with trophic defects of the foot, we had 5 such patients in our study (classifica-
tion IIT-IV according to Fontain). A series of 10 rheophereses led to quicker healing or total healing 4%,
in the Sth patient the treatment was not successful (it did not prevent amputation). Our results are in ac-
cordance with the results of other authors (14,17,18]. Improvement in all patients, as noted by Ferrarinni
et al. [9], we did not observe.

Little is known about the pathogenesis of SSHL (sudden sensorineural hearing loss), but disturbances
in microcirculation, immunopathological processes, and viral infections of innet structures arc the most
frequently discussed causes [11]. SSHL is a relatively frequent disorder (1/3000-5000), with an increas-
ing incidence in western countries [34]. There is general consent that SSHL is a symptom rather than a
distinct disease with different causes. Increased plasma viscosity and decreased erythrocyte filterability
is thought to be a cause of SSHL [33]. Blood supply to the inner ear is provided by the lab yrinthic artery
and the spiralis modiolotic artery, which supply the cochlea and the vestibular organ. Therefore, that
30% of patients also have vestibular symptoms lends support to the hypothesis that SSHL has a vascular
pathogenesis. Two of our patients had vestibular symptomatology. SSHL is usually treated with plasma
expanders such as hydroxyethyl starch or dextrane, although it was not shown that this therapy is more
effective than saline infusions in treating this disease. Steroids are a popular treatment for SSHL in many
countries, even though the mechanism of action of these drugs is not clearly understood [21,27,33]). Cor-
ticosteroids could be effective because of their antiinflammatory and immunosuppressive effects. Dif-
ferent methods of hemorheopheresis can be employed for the management of SSHL. Plasma exchange
with 5% albumin substitution is the simplest technique for the removal of LDL-cholesterol, fibrinogen
and other rheologically relevant plasma proteins. Also, an LDL-apheretic procedure could be effective
(with decreased LDL-cholesterol and fibrinogen [31]). Hemorhcopheresis allows for the removal of dif-
ferent macromolecules (az-macroglobulin, IgM, fibrinogen, LDL-cholesterol, LDL-triglycerides, vWT,
circulating immune complexes, thrombomodulin) [35]. Decreasing the level of these substances makes it
possible to influence favourably the microcirculation flow and, consequently, to improve hearing [10,35].
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This is exactly what happened in two of our three patients and, in addition, ii 0ic of thain the subjective
unpleasant tinnitus disappeared.

What is interesting, and till now still contentious, is the opinion on the plasma volume necessary (o
wash during one rheopheretic procedure. It could have an impact on the clinical effect of the treatment.
Some authors prove a statistically significant dependence, the volume of washed plasma increasing the
amount of removed proteins, ¢.g. rheophereticaly significant an-macroglobulin [6]. A number of authors
recommend as a sufficient amount of washed plasma | body volume, as the highest absolute cffect is
reached at the beginning of the procedure and decreases later. After washing one body volume, the
climination is low. In spite of this, we arrived at the same opinion as Ferrannini et al. [9] and during the
first procedure we washed (to be cautious) usually one body volume, but later always one and a half.
The output does not last so long as to trouble the patient significantly. Side effects of the output are not
clinically significant and the benefit of even a small decrease in pathogenetic factors is a boon. Even
from an economic point of view this procedure is profitable.

Ferrannini et al. [9] did not note any side effects. In our set of 324 rheophereses carried out in the last
3 years, the rate of side effects was found to be about 7.1%. The most frequent were vasovagal incidences
(sickness, light and short term decrease in blood pressure 6 times). Brief interruption of the procedure
with horizontal or Trendelenburg positioning was enough to eliminate these incidences. No other serious
side effects were observed which required medical attention other than calcium administration during

mild citrate toxicity.
In summary, we can confirm positive effects of rheopheresis even in diseases which are not curable

with standard means.
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