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SEZNAM ZKRATEK

AIDS Acquired Immune Deficiency Syndrome
APCI Atmospheric Pressure Chemical lonization/ chemicka ionizace za

atmosferického tlaku

APL Akutni promyelocytarni leukémie

ATRA All-Trans Retinoic Acid

BEH Bridged Ethylsiloxane/silica Hybrid

DAD Diode-Array Detector/ detektor diodového pole

DNA Deoxyribonucleic Acid

EDTA Ethylenediaminetetraacetic Acid

ELISA Enzyme-Linked Immunosorbent Assay

EOC Epithelial Ovarian Carcinoma

ESI Electrospray lonization

FN HK Fakultni nemocnice Hradec Kralové

GC Gas Chromatography/ plynova chromatografie

GMK Gerontologicka a metabolickd klinika

GPC Gel Permeation Chromatography/ gelova permeaéni chromatografie

GTP Guanosine Triphosphate

HDL High-Density Lipoprotein

HETP Height Equivalent to a Theoretical Plate/ vyskovy ekvivalent
teoretického patra

HILIC Hydrophilic Interaction Liquid Chromatography

HIV Human Immunodeficiency Virus

HPLC High Performance Liquid Chromatography/ vysokoucinna kapalinova

chromatografie
ICH International Conference on Harmonisation of Technical Requirements

for Registration of Pharmaceuticals for Human Use

IEC lon Exchange Chromatography/ iontovyménna chromatografie
19G Imunoglobulin G

ISO International Organization for Standardization

U International Unit/ mezinarodni jednotka

LOD Limit of Detection/ limit detekce



LOQ
LC
LDL
LLC
LLE
LSC
MMLLE
MS
PDA
PEEK
PTFE
PVC
RBP
RIA
ROMP
ROS
RP-HPLC
RRLC
SBSE
SDE
SDME
SLE
SLP
SPE
SPME
SVP
TNF-a
UFLC
UPLC

uv
VLDL

Limit of Quantitation/ limit kvantifikace

Liquid Chromatography/ kapalinova chromatografie
Low-Density Lipoprotein

Liquid Liquid Chromatography

Liquid Liquid Extraction

Liquid Solid Chromatography

Microporous Membrane Liquid-Liquid Extraction
Mass Spectrometry/ hmotnostni spektrometrie
PhotoDiode Array/ detektor diodového pole
Poly-Ether-Ether-Keton

Polytetrafluorethylene

Polyvinylchlorid

Retinol Binding Protein

Radioimmunoassay/ radioimunoanalyza
Ring-Opening Metathesis Polymerization

Reactive Oxygen Species/ reaktivni kyslikova ¢astice
Reversed Phase-High Performance Liquid Chromatography
Rapid Resolution Liquid Chromatography

Stir Bar Sorptive Extraction

Single Drop Extraction

Single Drop MicroExtraction

Supported Liquid Extraction

Spravna laboratorni praxe

Solid Phase Extraction

Solid Phase Microextraction

Spravna vyrobni praxe

Tumor necrosis factor-alpha

Ultra Fast Liquid Chromatography

Ultra Performance Liquid Chromatography/ ultrau¢inna kapalinova
chromatografie

Ultra violet/ ultrafialové zafeni

Very Low-Density Lipoprotein



1. UVOD

V soucasnosti je nedilnou soucasti jiz téméet kazdé navstévy lékaie laboratorni
vySetieni, které slouzi k bliz§imu a pfesnéj$§imu poznani zdravotniho stavu pacienta a k
uréeni spravné diagnézy. Vzhledem ke stale vétsi vytizenosti biochemickych laboratoti
a vysokym nakladim na jejich provoz je dulezitd nejen casova, ale i finan¢ni
nenaroc¢nost novych analytickych metod pouzivanych v klinickém vyzkumu 1 praxi.

Vysokoucinnd kapalinovd chromatografie (HPLC) je jedna z dominantnich
separacnich technik rutinné vyuzivanych ve vSech typech analytickych laboratofi.
Hlavnimi vyhodami HPLC je jeji schopnost separace, identifikace a kvantifikace latek
ruzné struktury v Sirokém koncentraénim rozmezi béhem jedné analyzy s vysokou
citlivosti a moznosti automatizace.

V poslednim desetileti doslo v oblasti kapalinové chromatografie k velkému
rozvoji. Napt. firmy Waters, Agilent Technologies a Shimadzu uvedly na trh nové
,ultra uéinné* chromatografy (UPLC, RRLC, UFLC), které zlepSuji separacni t€innost
a zkracuji celkovou dobu analyzy. Tyto pfistroje jsou vSak drazsi nez bézné kapalinové
chromatografy. Alternativnim feSenim by mohlo byt pouziti novych typt stacionarnich
fazi - naptf. monolitni stacionarni faze, polymerni ¢i hybridni sorbenty a kolony
obsahujici zirkoniové ¢astice vhodné zejména pro analyzy pii extrémnich hodnotach pH
a vysoké teploty. Mezi dal§i novinky v HPLC separaci patfi stacionarni faze s
nejdelSimi chemicky vadzanymi alkyly C30, které jsou vysoce selektivni pro cis- a trans-
isomery karotenoidii a tokoferol. Cim dal &ast&j§i je rovnéz pouziti HILIC
chromatografie, ktera je jakousi alternativou k RP-HPLC a je vhodné piedev§im pro
stanoveni malych polarnich molekul. Pouziti analytickych kolon s témito sorbenty je
ve srovnani s vySe uvedenymi pfistroji mnohondsobné levnéj$i, nebot’ nevyzaduje
Zadnou specialni instrumentaci.

Dalsi vyvoj probéhl také v oblasti preanalytické faze, kterd je z hlediska moZzného
pouzivana extrakce do kapaliny (LLE) je nahrazovana napt. extrakci na pevnou fazi
(SPE), extrakci na kapku (SDE), mikroextrakci na pevnou fazi (SPME) a také tyto
metody vyuZzivaji nové typy sorbentd.

Diky témto modernim technologiim a moZnosti automatizace pak riznym

spojenim vySe zminénych metod vznikaji tzv. on-line analyzy, které umoziuji ptimy



nastiik biologické matrice a nejvice tak pfispivaji k celkové ¢asové a financni tspote,

ale i k ochran¢ zivotniho prostiedi.



2. CIL PRACE

Cilem této prace byla inovace soucasnych bioanalytickych metod pouzivanych ve
Vyzkumné laboratofi Gerontologické a metabolické kliniky ve Fakultni nemocnici
Hradec Krélové a déle vyvoj a validace novych metod pro potfeby klinického vyzkumu
s vyuzitim novych typt analytickych kolon a moderni instrumentace. Toto pracoviste
spolupracuje s lékaii v riznych oborech jako je onkologie, gerontologie a nefrologie.
Predmétem spole¢ného zajmu jsou biologicky aktivni latky, jejichz stanoveni pfispiva
nejen Knovym védeckym poznatkim, ale i k diagnostice a monitorovani fady
onemocnéni a také ke zlepSeni péce o pacienty.

Konkrétné byla tato prace zaméfena na vyvoj nové metodiky zejména pro
stanoveni liposolubilnich vitamint (retinol, alfa-tokoferol) a jejich nékterych metabolith
(estery retinolu) v lidském séru s vyuzitim monolitni kolony. Monitorovani
koncentra¢nich hladin téchto latek je dilezité zejména pro sledovani nutri¢niho stavu
organismu a rovnéz zjisténi oxidacniho stresu, ktery je zvlasté nebezpecny pro skupinu
lidi s oslabenym imunitnim systémem jako jsou napf. stafi lidé a pacienti s rakovinou
lé¢eni radio- ¢i chemoterapii.

S obranyschopnosti lidského organismu je zce spjata téz dalsi chemicka latka —
neopterin. Jednad se o nekonjugovany derivat pteridinu, ktery je produkovan
v signifikantnim mnozstvi lidskymi monocyty-makrofdgy po stimulaci interferonem
gama. Pfedstavuje tak uzitecCny a diilezity parametr monitorovani aktivace imunitniho
systému, kterd doprovazi fadu onemocnéni.

Stanoveni neopterinu v moc¢i nepatii mezi béZné biochemické vysetieni, a proto
bylo nutné zavést novou metodu opét vyuzivajici moderni technologie (specidlni
autosampler na mikrotitracni desticky — rack changer, polymerni ¢i hybridni analytické
kolony a ptepinaci ventil pro on-line chromatografii).

Poslednim a neméné dulezitym tUkolem bylo vyvinuti metodiky pro extrakci
vitaminli A a E s vyuZitim solid phase extrakce (SPE), kterd méla nahradit doposud
uzivanou extrakci do kapaliny (LLE).

Vzhledem k vyznamu monitorovani vSech téchto latek je vyvoj a validace
rychlych a ucinnych analytickych metod potfebnych k jejich stanoveni velmi dtlezita

nejen pro klinicky vyzkum, ale i pro klinickou praxi. Obzvlasté zde je potom casova i

vvvvvv



vyuzitelnosti novych metod pro rutinni stanoveni v nemocni¢nich biochemickych

laboratotich.
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3. TEORETICKA CAST

3.1. Vysokou¢inna kapalinova chromatografie '

Vysokou¢innd  kapalinovd  chromatografie (High Performance Liquid
Chromatography - HPLC) patii mezi vysoce vSestranné a nejvice rozSifené
chromatografické metody. Tato separacni technika je pouzivana ke stanovovani riznych
organickych, anorganickych a biologickych materidli, a proto se s ni mizeme setkat
témet v riznych typech laboratofi. Podstatou chromatografického procesu je
rozdélovani slozek smési latek mezi dve faze (pevna latka-kapalina, kapalina-kapalina).
Vysoké ucinnosti je dosazeno pouzitim stacionarnich fazi, které homogenné vypliuji
kolonu a obsahuji bud’ malé castice pravidelného tvaru a jednotné velikosti nebo
jednolité, kompaktni Gtvary (monolitni disky, ty€inky) s pfesné definovanymi rozméry
makropdri a mesopdrd. Pohyblivou mobilni fazi je kapalina tvofena jednim nebo vice
druhy rozpoustédel s odpovidajici polaritou.

K vlastnimu rozdéleni stanovovanych latek (analytd) pak dochdzi na zékladé
ruznych principt, které se vzdjemné prolinaji. Podle pievazujiciho mechanismu déleni

latek pak mizeme hovotit o riznych typech chromatografie:

= Adsorp¢ni chromatografie — je zalozena na rizné schopnosti latek v roztoku
adsorbovat se na povrch pevné faze — adsorbentu. Ten je obsazen monovrstvou
molekul mobilni fdze a molekuly analytu s nimi soutéZi o aktivni mista na jeho
povrchu. Je-li stacionarni fazi polarni adsorbent, pak jsou na ném silngji
zadrZzovany latky polarni a potom hovotime o chromatografii na normalnich
fazich. Jako mobilni faze se v tomto piipad¢ pouzivaji nepolarni rozpoustédla
(hexan, heptan), ktera jest¢ vice podporuji adsorpci polarnich analyt. V ptipadé
chromatografie na reverznich fazich je tomu obracené.
Jedna se tedy o chromatograficky systém pevna latka-kapalina (LSC), ktery je
vhodny pro analyzu relativné nepoldrnich organickych slou¢enin, zejména pak pro
separaci latek lisicich se funkénimi skupinami nebo izomernich latek.

= Rozdélovaci chromatografie — probihd v systému dvou nemisitelnych nebo

omezené misitelnych kapalnych fazi (LLC), pfi¢emZ k vlastnimu déleni latek

! Kapitola 3.1 byla vypracovéana z odkazi [1-4]
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dochazi na zaklad¢ jejich riznych rozdélovacich koeficientl. Kapalina, kterd tvoii
stacionarni fazi, je pevné ukotvena na inertnim nosici, ktery nesmi ovliviiovat
rozdélovaci rovnovahu, tzn., Ze nesmi mit adsorp¢ni vlastnosti. Takovy nosi¢ vSak
neni ve skuteCnosti znam, a proto se musi pocitat s konkurencnim vlivem
adsorpce. Piikladem vyuziti miize byt papirova chromatografie.

Iontové vyménna chromatografie — je chromatografie v systému pevna latka-
kapalina, jejiz pevnou fazi je iontoméniC. Podstatou iontové vymeény jsou
elektrostatické interakce. Sorbent zachycuje urcity typ iontii a misto ného uvoliuje
do roztoku jiny ion. Dtlezitou ulohu mé velikost a naboj iontu, jeho koncentrace a
disociacni konstanta ionogennich skupin meénice i analytu. Stacionarni fazi je
iontovyménny povrch sorbentu, ktery ma opaény naboj nez ionty analytu. Jako
mobilni faze se pouzivaji vodné tlumivé roztoky (pufry), jejichz ionty jsou
v dynamické rovnovaze s ionty ménice. Cim vyssi je koncentrace iontd pufru, tim
vice jsou tyto ionty zadrzovany staciondrni fazi a tim je rychlejsi eluce analytt
z kolony.

Iontové vyménna chromatografie (IEC) se pouziva pro stanoveni latek iontové
povahy napft. aminokyselin.

Vylucovaci chromatografie — je vlastné typem rozdélovaci chromatografie, kde
stacionarni fazi je kapalina zakotvena v gelu (inertni polymerni nosi¢). K déleni
molekul dochézi podle jejich velikosti. VEtsi molekuly, které nemohou prochézet
porovitou strukturou stacionarni faze se eluuji jako prvni, zatimco malé molekuly
prochézeji ptes pory a vymyvaji se tedy s delSim elu¢nim ¢asem.

Tato metoda se také Casto oznacuje jako gelova permeacni chromatografie (GPC)
a naSla uplatnéni zejména v polymerni chemii a biochemii pro separaci latek
S vy$$i molekulovou hmotnosti.

Afinitni chromatografie - je zaloZena na silnych biospecifickych interakcich
analytd s komplementarnimi latkami (ligandy). Na stacionarni fazi s danym
ligandem se zachytdvaji pouze ty latky, které snim dokdzi vytvorit
komplementarni vazbu. Navédzané analyty se potom uvolni zménou
chromatografickych podminek (napf. zména pH, koncentrace soli, teploty, atd.).

Afinitni chromatografie nasla uplatnéni zejména v biomedicing a v biotechnologii.

12



3.2. Instrumentace v HPLC ?

Vznik vysokouéinné kapalinové chromatografie je uzce spjaty s rozvojem
instrumentalni a vypocetni techniky v 60. a 70. letech 20. stoleti. Na rozdil od klasické
kapalinové chromatografie, kde mobilni faze protékd stacionarni fazi samospadem, u
HPLC je potieba vyvinout vysoky tlak pro ptekondni zpétného odporu, ktery je dan
malym prumérem kapilar a jest¢ mensi velikosti Castic stacionarni faze. Z toho tedy

wewr

¢asti kapalinového chromatografu jsou uvedeny na schematickém obrazku (obr. 1).

Obr. 1 Blokové schéma kapalinového chromatografu

Dhata
Recorder

Recorder

Ay

Solvent Waste
Reservoir

Zdroj: Exner M.: Moderni trend kapalinové chromatografie UPLC (pfednaska firmy Waters)

= Zasobnik mobilni faze — jednd se vétSinou o uzavienou nadobu, ze které¢ je
mobilni faze Cerpana do systému pfes specialni filtr. Mobilni fdze by méla byt
odplynéné a zbavena mechanickych necistot (pouZivaji se specidlni rozpoustédla
pro HPLC). K odplynéni mobilni faze se nejcastéji pouziva podtlak (degasser) ¢i
probublavani heliem.

= Vysokotlaké cerpadlo (pumpa) — musi zajiStovat bezpulsni, konstantni a
reprodukovatelny pritok mobilni faze, ktery se pohybuje nejcastéji v rozmezi od

0,1 do 10 ml/min. Dne$ni pozadavky jsou velmi narocné, a proto dokonale fizené

2 Kapitola 3.2 byla vypracovana z odkazu [1,3,5]
13



wewvr

chromatografu.

Davkovaci zarizeni — davkovani vzorku lze provést bud specialni injek¢éni
mikrostiikackou, nebo se k nému vétSinou vyuziva davkovaci ventil se smyckou.
Davkovani musi byt opakovatelné a jeho vyhodou je pomérné snadna
automatizace. Pak hovotfime o automatickém davkovaci — autosampleru.

systému, kde dochazi k vlastnimu rozdéleni smeési latek. Kolony se vyrabéji
z ruiznych materialtt (nerezova ocel, plast, sklo), jsou rtizné¢ dlouhé (1-30 cm),
S riznymi vnitinimi priméry (2-8 mm) a jsou plnény riiznymi typy sorbenti. U
modernich kapalinovych chromatografi je kolona umisténa v kolonovém
termostatu, ktery =zajiStuje stdlé prostiredi pro analyzu, a zlepSuje tak
opakovatelnost stanoveni.

Detektor — mél by mit maly objem detekéni cely (kvili rozmyvani elucnich
kiivek). Signal detektoru by mél byt stabilni, reprodukovatelny, s Sirokym
linearnim dynamickym rozsahem a s vysokou citlivosti. K detekci separovanych
latek se zpravidla vyuziva jejich obecnych nebo specifickych vlastnosti, které jsou
v ur¢itém vztahu K jejich koncentraci. Podle toho pak rozliSujeme detektory
univerzalni (napft. refraktometricky nebo konduktometricky detektor) a selektivni
(napf. fluorimetricky, ampérometricky ¢i fotometricky detektor).

Vysledna data z detektoru jsou poté sbirana a vyhodnocovéana pocitacem nebo

jinym vyhodnocovacim zatizenim (zapisovac, integrator).

14



3.3. Typy stacionarnich fazi

Srdcem chromatografického systému je analytickd kolona. Pravé zde dochdzi k
vlastnimu rozdé€leni smési latek na zaklad€ riznych separacnich principi a mechanismd,
které jsou vSak zavislé na vlastnostech analytu a sorbentu. Vybér vhodné stacionarni
faze je zakladnim ptedpokladem pro uspéSnou HPLC analyzu. Idedlni kolona by méla
mit vysokou separacni U¢innost, méla by umoznovat praci v Sirokém rozmezi pH a
zarovenn by méla odolat vysokym teplotdm 1 plsobeni organickych rozpoustédel.
V soucasné dobé¢ existuje Sirokd nabidka komercné dostupnych chromatografickych
kolon, které vyuzivaji riznych material ¢i jejich kombinaci, pro ziskani takovéto
univerzalni analytické kolony. Tato prace ptinadsi kratky a struény ptehled nékterych
z téchto novych typt staciondrnich fazi.

Z hlediska typu ndpln€¢ bychom analytické kolony mohli rozdé¢lit na kolony
¢asticové a monolitni. Pficemz v obou pfipadech se pro jejich vyrobu pouZzivaji jednak

anorganické materialy (zejména oxid kiemicity), ale i materialy organické.

3.3.1. Casticové stacionarni faze *

Nejvétsi vliv na separacni ucinnost napliovych kolon ma velikost a uspotadanost
castic. Bézné se pouzivaji Castice velikosti 3-10 pum, ale dostupné jsou jiz kolony
s velikosti ¢astic 2 wm i mens$i. Se zmensovanim velikosti ¢astic a vnitinich praméri
kolon vSak roste i1 wvnitini odpor kolony, ktery pak vyzaduje specidlni upravu
chromatografického systému (viz. Kapitola 3.4 Nové trendy v HPLC). Dale o u¢innosti
kolony rozhoduje také porozita Castic, pravidelny tvar (kulovy) a jejich jednotna
velikost.

Z hlediska materiadli pouzivanych pro ptipravu jakéhokoliv sorbentu je urcité
nejpouzivanéj$i oxid kiemicity (silikagel, silika). Jeho pouZiti pfina$§i mnoho vyhod
(vysoka tucinnost déleni, mechanicka odolnost, reprodukovatelnost vysledkl), ale i
mnoho nevyhod (omezeny rozsah pH, chemické aktivita, teplotni nestabilita). Cilem
vyrobct analytickych kolon je odstranéni téchto negativnich vlastnosti silikagelu pfi
zachovani vlastnosti pozitivnich.

Jednou z moznosti, jak toho dosahnout, je pouziti jinych anorganickych oxida

(napf. oxid hlinity, oxid titani¢ity a oxid zirkoni€ity). Ty vykazuji dobrou separacni

¥ Kapitola 3.3.1 byla kromg uvedenych odkazi vypracovana ze zdroji [2,3,5,6]
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ucinnost jako silikagel, ale jsou stabiln€jsi v SirSim rozmezi teplot a pH. Nejveétsi
uplatnéni v HPLC nasly ptedevsim zirkoniové sorbenty, které jsou téz vysoce chemicky
odolné. Extrémni stabilita oxidu zirkoniCittho ma za nasledek to, ze HPLC kolony
mohou byt pouzity za extrémnich podminek, ¢imz se prodluzuje Zivotnost kolony. Tim
se také snizuje cena analyzy a roz$ifuji se moznosti pii optimalizaci chromatografickych
podminek. Nevyhodou zirkoniovych sorbentli je ptitomnost adsorp¢nich center
S charakterem Lewisovych kyselin. Tento fakt vede k tomu, Ze se do mobilnich fazi
musi ptidavat pufry, které kompenzuji silné¢ interakce téchto center s hydroxylovymi,
fosfatovymi ¢i karboxylovymi skupinami v molekulach latek. Vyrobci téchto kolon jsou
napf. firma ZirChrom a Sigma Aldrich (kolona Discovery Zr).[7-9]

DalSim materidlem, ktery mél pivodné silikagel nahradit, jsou rlizné organické
polymery (methakrylat, akrylamid, styrendivinylbenzen, atd.). Ty jsou vétSinou
chemicky odoln¢ a stabilni v celém rozsahu pH. Nevyhodou polymernich fazi je vSak
jejich mensi mechanicka odolnost, nizka separa¢ni u¢innost a horsi reprodukovatelnost

vysledk.

Obr. 2 Struktura silikagelové, polymerni a hybridni ¢astice

i
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Zdroj: www.chromservis.eu, ¢erven 2008
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Kompromisnim feSenim je vytvofeni

hybridni castice obsahujici v celém svém

objemu rovnomérné rozloZzené,

alkylované kifemikové atomy. Tim dochézi
ke zlepSeni stability Castic ptfi zachovani
dobré ucinnosti déleni. Toho vyuZziva napf.
firma Waters u svych kolon XTerra a
XBridge, kde vysoka odolnost hybridniho

materidlu umoziiuje rovnéz pouziti téchto

kolon pfti vysokych tlacich v UPLC.

¢astecné

Obr. 3 Struktura 1.7 ym BEH éastice
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Zdroj: [14]

DalSim piikladem vyuZiti hybridni technologie jsou kolony Gemini od firmy

Phenomenex, které pouzivaji v poslednim stadiu vyroby castice silikagelu specidlni

Obr. 4 Struktura éastice kolony Gemini

Zdroj: www.phenomenex.com, Serven 2008

technologii Gemini Twin, jejimz vysledkem je
unikatni povrchovd organokiemicitd vrstva
vytvafejici novou kompozitni castici. Tato
nova castice si vSak zachovava svoji vnitini,
celym procesem nedotcenou strukturu cistého
silikagelu, a tim 1 mechanickou pevnost,
rigiditu a predevSim 1 vynikajici dé&lici
ucinnost. Pfitom organokiemicitanovy krunyt
v povrchovych vrstvach chrani c¢astici pred
chemickym napadenim.[11]

Pouzivani analytickych kolon s hybridni
stacionarni fazi je v souCasné dobé stale
Castgj$i. Vysokd uc¢innost a chemicka i
mechanickd stabilita umoznuji jejich pouziti
Vv ultra G¢inné kapalinové chromatografii, ktera
se stavd novym trendem v HPLC. Navic
zrychleni jednotlivych analyz a moZnost
pouziti sto procentni vodné mobilni faze
ochrané¢  Zivotniho

prispiva  k prostiedi

sniZzenim spotieby organickych rozpoustédel.
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3.3.2. Monolitické stacionarni faze *

Analytické kolony s monolitni stacionarni fazi se od béznych c¢asticovych kolon
li$i tim, Ze jsou tvoreny jednim kusem vysoce porézniho materialu, ktery umoziuje
kompaktnéjsi zaplnéni prostoru uvnitt kolony. Nejvétsi vyhodou téchto kolon jsou
jejich hydrodynamické vlastnosti vyplyvajici ze struktury tohoto materialu. Monolitické
kolony maji dva typy pori:

= Makropory (prutocné pdry) - jejichz struktura snizuje zpetny vnitini odpor kolony
a vyrazn¢ zrychluje pfenos hmoty mezi mobilni a stacionarni fazi, coz umoznuje
pouzivani vysokych pritokovych rychlosti.

=  Mesopory (difizni pory) - zvétsuji aktivni povrch sorbentu, ¢imz zvysuji
separac¢ni uc¢innost kolon.

Diky témto vlastnostem dochédzi ke zkracovani Casii jednotlivych analyz a pii
zpracovani vétsiho mnozstvi vzorkil se rovnéZz rapidné snizuje spotfeba mobilni faze.

Vzhledem Kk tomu, ze vyzkum v oblasti monolitd se neustale rozviji a informaci o
jejich ptipravé i pouziti neustale ptibyva, je t¢zké jednoduchym zplisobem systematicky
rozd¢lit a popsat doposud pfipravené stacionarni faze. Asi nejednodusi zptisob déleni je
podle pouzitého materidlu na anorganické a organické monolity. Dalsi moZnosti, kterd
je u casticovych kolon nezvykla, je rozdéleni podle tvaru analytickych kolon na disky,
trubky a tycinky.

Obr.5 Porovnani tvarii a velikosti monolitii od firmy BIA Separations s

béznou casticovou kolonou (150 x 4.6 mm ID)

Zdroj: www.biaseparations.com, ¢ervenec 2008

* Kapitola 3.3.2 byla krom& uvedenych odkazi vypracovana ze zdroji [6,12-14]
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* Anorganické monolity

U anorganickych materiali podobné jako u casticovych staciondrnich fazi naSel
nejvetsi vyuziti silikagel. Jako prvni popsali ptfipravu a pouziti silikovych monolith
japonsti védci Tanaka, Nakanishi a Soga.[14,15] Tato technologie vyroby umoziuje
pfipravu monoliti s pfesn¢ definovanou strukturou. Napiiklad komeréné dostupné
silikové monolitni kolony od firem Merck (Chromolith®) a Phenomenex (Onyx®)
obsahuji makropory o velikosti 2 um a mesopory o velikosti 12 nm. Tyto kolony jsou
stabilni v rozsahu pH 2.0-7.5 a jejich maximalni pracovni teplota je 45°C. Kromé
normdlnich fazi se také vyrabé&ji modifikované faze pro reverzni chromatografii C8 a
C18 s vnitinim primérem 3 a 4.6 mm a v rozmezi délek od 25 do 100 mm. Nevyhodou
téchto kolon je objemova kontrakce, ke které dochazi pii zrdni monolitu. Proto se tyto
tyCinky vyrabé¢ji oddelen¢ a poté se uzaviou do smrstivé trubice z materidlu PEEK
(poly-ether-ether-keton), ktera tvoii télo kolony.

Kvili témto objemovym zménam lze piipravit piimé ty¢inky pouze do velikosti
150 mm. OvSem diky moZnosti snadného spojeni kolon pomoci jednoduché spojky, je

mozné ziskat libovoln¢ dlouhou kolonu kombinaci vyse zminénych délek kolon.

Obr. 6 Spojeni dvou monolitickych kolon Chromolith

S e—— N e—

Zdroj: [12]

Struktura silikovych pora, které se sklddaji z dobie uspofadanych a ptiblizné stejné
velikych skeletti se zcela 1iSi od port organickych monolith. Ty tvofi neusporadané
mikroglobule s makropory mezi nimi, a proto jsou vhodnéjsi spiSe pro separaci velkych

molekul. Monolity silikagelové se naopak osvédc¢ily pfi separaci molekul malych.
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Obr. 7 Srovnani morfologie @) polymerniho a b) silikového monolitu

Zdroj: [13]

* Organické monolity

Historie organickych monolit je ve srovnani s monolity na bazi siliky mnohem
star§i a jejich vznik je téz uzce spjat s uspéchy ceskoslovenskych védct. Jedny
z prvnich experimentti byly provadény v laboratofi Miroslava Kubina v Sedesatych
letech minulého stoleti, kdy se pracovnici této laboratofe snazili najit material, ktery by
nahradil v t¢ dobé velice popularni Sephadex pouzivany v gelové chromatografii.[16]
K tomu vyuzili 2-hydroxyethyl-methakrylat, ktery nedavno ptedtim vyvinul profesor
Wichterle. Jimi vytvotend kolona vSak méla nedostatecnou separacni Gc€innost a také
nizkou priichodnost (4 ml/h™).
pfipravily polymeraci in situ kolony z polyurethanové pény, které umoziovaly
dosahnout ucinnéjsich separaci. OvSem 1 tyto kolony stale nedosahovaly kvalit tehdy
pouzivanych chromatografickych médii, a tak se na ¢as od dal$iho vyzkumu monolitt
ustoupilo. K jejich znovuzrozeni doslo az ke konci osmdesatych let a opét ve spolupraci
s Ustavem makromolekularni chemie CSAV v Praze, kde byly s pfispénim F. Svece

vyvinuty prvni monolitické disky.

Makroporézni polymerni disky:

Nejcastéji se pripravuji radikdlovou polymeraci z glycidyl-methakrylatu nebo
ethylen-dimethakrylatu ve specialnich formach deskového nebo valcovitého tvaru, kdy
se mechanickym obrabénim téchto desek ¢i roubikli vyrabéji vlastni disky umoziujici

rychlé a Gc¢inné separace. Tyto disky se dale vkladaji do pouzdra-prstence vyvinutého
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pro tento ucel, aby nedochazelo k jejich mechanickému poskozeni. Dokonale si tuto
technologii osvojila slovinska firma BIA Separations, kterd monolitni disky vyrabi pod
nazvem CIM®Disk. Rozsah pouziti téchto diskii zahrnuje celé spektrum separacnich
mechanism od reverzni chromatografie pies iontovou vyménu az po bioafinitni
chromatografii. Dalsi vyhodou je moznost vlozeni i nékolika disku liSicich se funkénimi
skupinami za sebou do jednoho pouzdra a tim docileni vicerozmérné separace.
Netradi¢ni tvar, ktery je pro chromatografii s ¢asticovymi kolonami naprosto
nezvykly, piinasi i nové poznatky o separacnim mechanismu v tenkych monolitickych
vrstvach. Podrobné se jejich studiem zabyval Belenkii, Tennikova a Svec, kteii zjistili,
ze proces separace v tomto médiu je zcela odlisSny od separaci v podlouhlych kolonach

véetné monolitickych.[17]

Makroporézni polymerni kolony:

Na rozdil od diskd jsou tyto monolity pfipravovany piimo v trubce kolony ¢i
Vv kapilare, které se naplni polymeracni smési, uzaviou a za tepla zpolymeruji. Takto
pfipravené monolity pak jiZz natrvalo zlstavaji v téchto formach. Pfimou vyrobou se
tedy eliminuje mechanické obrabéni monolitu, avS§ak vyména monolitu za jiny v téze
trubici je prakticky nemozna.

Dalsi moznosti vyroby téchto kolon je tzv. polymerace methatesi za otevieni
kruhu (ROMP) nedavno popsana Buchmeiserem[18] nebo polymerace iniciovana UV
zéafenim, ktera ovSem vyzaduje pouziti materialli transparentnich pro UV svétlo.

Funkéni skupiny monolitickych kolon pfipravenych pfimou polymeraci jsou dany
pouzitymi monomery. Pokud jsou vSak tyto funk¢ni skupiny nevhodné pro ptislusnou
separaci je mozné je dale modifikovat. Pro zvySeni poctu riznych funkénich skupin se
pouziva roubovani. Pfi ném z kazdé povrchové skupiny roste fetézec obsahujici ¢etné
nové funk¢ni skupiny, které mohou vyznamné zvysit vazebnou kapacitu. Takovéto
modifikace pak mohou vést az ke vzniku specidlnich monoliti s neobvyklymi
vlastnostmi. Peters et. al.[19] pfipravil monolit pro separaci bilkovin, ktery méni
polaritu v zavislosti na teploté. Postupné eluce tak bylo dosazeno pouhou zménou
teploty kolony.

Rychlost separace, které¢ je mozno dosdhnout v monolitickych kolonach, je
pfitazliva pro jejich pouziti v biotechnologickych vyrobach. K tomu je vSak potieba
pfipravit objemné monolity. Pouziti vySe zminénych vyrobnich postupt pro ziskani

materiald s poZadovanymi poréznimi vlastnostmi je nevhodné. Polymerace jsou vesmés
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exotermni reakce a udrZeni pfesné teploty u takto velkych monolitli je velice obtizné.

Elegantni feSeni tohoto problému navrhl Podgornik[20], ktery pfipravil monolit ve tvaru

trubice, jejiz stény jsou tenci a teplota pii polymeraci je snaze udrzovatelna. Dale zjistil,

ze zvétSeni prumeru pii zachovani stejné tloustky stény vede ke kvadratickému nartstu

celkového objemu separa¢niho média a tedy i ke zvySeni separacni kapacity. Pti pouziti

nékolika tubularnich monolitii zasunutych do sebe teleskopickym zpiisobem ukazanym

na obr. 8 umoznuje dosahnout obrovskych objemu stacionarni faze. Tok témito

kolonami je radidlni, vétSinou z vnéjsku do stiedu, a proto jsou oznacovany jako

tubularni kolony s radidlnim tokem. Vynikajici permeabilita téchto monoliti umozniuje

pouziti velmi vysokych pritokovych rychlosti (az 2 1/min) a pod oznagenim CIM®Tube

je vyrabi firma BIA Separations.

Obr.8 Konstrukce monolitické jednotky o velkém objemu s
radialnim priitokem pro preparativni separace

O

Zdroj: [13]

Stlacitelné monolitni kolony:

K jejich objevu vyznamné ptispé€l Svédsky profesor Hjertén
z Uppsaly, ktery experimentoval se silné¢ zesiténymi
polyakrylamidovymi gely. Ten zjistil, Ze po stlaeni sloupce gelu
S pouzitim hydrostatického tlaku proudici kapaliny lze vyznamné
zvysit jeho permeabilitu. Tato technologie byla posléze ptevzata a
vylepSena americkou firmou BioRad k pfipravé ionto-vyménnych

kolon UNO.

Monolitické kolony UNO

an®
g T

Zdroj: www.bio-rad.com,
srpen 2008
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Aplikacni vyuziti monolitd je zatim stile malé, ale vzhledem k rostoucimu poctu

publikovanych praci, které se zabyvaji vyuzitim monolitnich kolon v laboratorni i

vyrobni praxi, je pravdépodobné, Ze monolitni stacionarni faze v budoucnosti mohou

postupné nahradit kolony Casticové. Jak jiz bylo popsano, ptiprava monolit je relativné

jednoduchd, ¢ehoz se vyuziva zejména ve vyzkumnych laboratofich, kde si védci

ptipravuji kolony dle jejich konkrétnich pozadavki. OvSem pro potieby pracovist

fungujicich v rezimu spravné vyrobni a laboratorni praxe je nezbytné pouziti komercné

dostupnych kolon (viz. obr. 9), které zarucuji opakovatelnost vysledkii.

Obr. 9 Prehled soucasné vyrabénych monolitickych kolon pro HPLC

Produkt Tvar Vyrobce Web Material Separa¢ni médy
CIM Disk disk  BIA Separations, biaseparations.com  modifikované iontova vyména,
Ljubljana, Slovinsko polymethakralatové ¢i hydrofobni
polystyrenové interakce, obracena
kopolymery faze, bioafinitni
CB Silica plate disk  Conchrom, Bremen, conchrom.de modifikovana silika obricena a normalni
Némecko faze
SepraSorb disk  Sepragen, San sepragen.com modifikovana celulosa iontova vyména
Leandro,Kalifornie,
USA
CIM Tube trubka  BIA Separations, biaseparations.com  modifikované iontova vymeéna
Ljubljana, Slovinsko polymethakrylatové
kopolymery
UNO kolona BioRad, Richmond, dio-rad.com kopolymery iontova vyména
Kalifornie, USA methakrylamidovych
monomert
Swift kolona ISCO, Lincoln, isco.com modifikované iontova vyména,
Nebraska, USA polymethakralatové ¢i obracené faze
polystyrenové
kopolymery
Chromolith kolona Merck, Darmstadt, chromolith.com modifikovana silika obracené faze
Némecko
Monoliths kolona LC Packings, Icpackings.nl polystyrenové obracené faze
Amsterdam, kopolymery
Holandsko
zdroj: [13]
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3.4. Nové trendy v HPLC®

S novymi technologiemi pfichdzeji nové trendy
také do  kapalinové  chromatografie.  Vyvoj
stacionarnich  fazi je Ttzce spjat s rozvojem
chromatografické instrumentace.

Podle van Deemterovy teorie Ucinnost
chromatografického systému roste se zmenSujici se
velikosti Castic a zdroven se rozsifuje pouzitelné
rozmezi linedrnich pritokit mobilni faze pii zachovani
stejné separacni Ucinnosti. Se snizujici se velikosti

castic vSak roste zpétny odpor kolony, ktery byl

ACQUITY UPLC System, Waters

R R

Zdroj: [10]

dlouhou dobu limitujicim faktorem HPLC instrumentace. Dalsi komplikace spojené

s malymi ¢asticemi nastaly pfi plnéni kolon, pfi kterém je zapotiebi velmi vysokych

Agilent 1200 Series RRLC,
Agilent Technologies

T —

zdroj: [21] vyzaduji pouziti specialné

upravenych pftistroju. Prvni systém, vyuzivajici tzv.
sub-2-mikronové kolony, snazvem Acquity UPLC
uvedla na trh na pfelomu nového tisicileti firma
Waters. Dala tak vzniknout nové separacni technice
UPLC (Ultra Performance Liquid Chromatography).
Dalsi vyrobci kapalinovych chromatografti, kteti
stacili zachytit trend separace na kolondch s malymi

Casticemi, byli firma Agilent Technologies

® Kapitola 3.4 byla vypracovéna ze zdroji [3, 5, 7, 10, 21, 22]

tlaki. Dochazelo k deformaci ¢astic, coz vedlo ke snizeni separacni
ucinnosti a opakovatelnosti analyz. Tento problém byl vyfesen az
S objevem novych materialtl (hybridni ¢astice) a technologii (napf.
patentovand BEH technologie ethylenovych mustkl firmy Waters).

Zatimco monolitni analytické kolony stejné jako partikulérni
kolony s velikosti ¢astic 3-10 um jsou snadno zapojitelné do
béZznych HPLC systémi, tak nové typy analytickych kolon

s ¢asticemi 1.7-2.2 pm a vnitinimi praméry 1.0-4.6 mm jiz

Prominence UFLC,Shimadzu

Zdroj: [22]
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s pristrojem Agilent 1200 Series RRLC a firma Shimadzu se systémem Prominence
UFLC.

V8echny vySe zminéné pfistroje jsou pfizpisobeny vysokym tlakim (60-

100 MPa), jsou vybaveny specialnimi kapilarnimi spoji a maji maximalné

minimalizovany systémovy objem vcetné detekéni cely. Detektory musi umoziiovat

rychly sbér dat se zachovanim dobrého rozliSeni a vysoké citlivosti. Vysoka rychlost

analyz pak umoznuje zapojeni specialnich

Autosampler na vialky SIL-20A/C spojeny s autosamplerem . .
na mikrotitracni desticky-Rack Changer, Shimadzu autosamplerit  napt. Rack  changer

TR

(Shimadzu) nebo Sample organizer

\&N - (Waters), které umoziluji zpracovani
%ﬁi |‘ velkych mnozstvi vzorki s minimalnimi
b
B

naroky na lidskou obsluhu. Novinkou jsou
rovnéZz kolonové termostaty (naptf. u
RRLC) vybavené predkolonovym

ohiivatem, ktery snizuje piipadnou

zdroj: [22]

disperzi pikil pfi nizkych pritocich mobilni
faze, a postkolonovym chladi¢em, jenz chladi mobilni fazi na teplotu optiky detektoru a
zabranuje tak zvySovani Sumu. Dalsi vyhodou zvysené teploty mobilni faze je zmenSeni
zpétného odporu na kolong.

Novinkou v oblasti analytickych kolon je technologie eCord vyvinuta firmou
Waters. Jedna se o Cip, ktery je ke koloné
trvale pfipevnén a uchovava Certifikat o UPLCkolona s fipem eCord Waters
analyze. Dale zaznamenava veskera data o
pouzivani kolony jako je pocet nastiikd,

maximalni teplota a tlak, atd. VSechny tyto

zaznamy nelze prepsat ani odstranit coZ je

Zdroj:[10]

vyhodné zejména pro laboratofe pracujici
v rezimu ISO norem a v reZimu SLP ¢i SVP.

Mezi dalsi trendy v HPLC patfi tzv. on-line chromatografie a miniaturizace
analytickych systémi. Vzhledem ktomu, Ze analyzy nékterych vzorkd jsou stale
naro¢n¢js$i, je snaha tato stanoveni zjednodu$it pomoci automatizace. Zapojeni
specidlnich pfepinacich kolonovych ventili do HPLC systémi umoZiuje
vicerozmérnou (multidimensionalni) separaci, kterd poskytuje zvySeni pikové kapacity,

coz vede k daleko vy$Simu rozliSeni.
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Miniaturizace je Vv soucasnosti celosvétovym trendem ve vSech oborech a
odvétvich. V chromatografii se hovoii zejména o tzv. mikro- a nano- Systémech
(mikro-LC, nano-LC), jez umoziuji rychlé analyzy velkého mnozstvi vzorki pii velmi
nizkych pritocich mobilni faze s minimalnimi naroky na objem vzorki i1 rozpoustédel.
Vzhledem k témto podminkam je pro vySe zminéné LC-systémy vhodné spojeni s MS
detekci, kterd je charakterizovana vysokou citlivosti a navic poskytuje informace o

struktuie analyti.
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3.5. Sbér a Giprava biologického materialu pied analyzou °

Biologicky materidl mizeme definovat jako multikomponentni systém obsahujici
Sirokou paletu latek pfirodniho ptivodu o rtizné molekulové hmotnosti, které dohromady
tvofi biomatrici. Podle ptvodu se potom dale déli na material lidsky, Zivoc¢isny a
rostlinny. Jako analyty pak oznaCujeme stanovované latky, které jsou predmétem
naseho zajmu. Ty mohou byt endogenniho (napf. proteiny, vitaminy, enzymy, atd.) i
exogenniho (napft. 1é¢iva a jejich metabolity, pesticidy, polutanty, atd.) ptivodu.

Analyza vzorka biologického materidlu je vzhledem ke slozitosti této matrice
velice narocna a vyzaduje komplexni znalosti z riznych oborti, pfedevsim pak z oblasti
mediciny, biochemie, chemie a biologie. Pfiprava vzorku patii k zakladnim ukontim pfi
analyze biologického materialu. Na jejim provedeni zalezi celkovy uspéch analytického
stanoveni — a to jak z kvalitativniho, tak i z kvantitativniho hlediska. Volbou vhodné
metody pfipravy vzorku tedy rozhodujeme nejenom o piesnosti stanoveni dané latky
(analytu), ale viibec 0 moznosti jejiho urceni.

Zakladni postupy pfi upravé biologického materidlu jakéhokoliv ptivodu jsou
viceméné shodné. Tato prace je vSak zaméfena predevSim na zpracovani vzorki

lidského ptivodu, zejména pak télnich tekutin - krve a moci.

3.5.1. Vliv preanalytické faze na laboratorni vySetireni

Laboratorni vySetfeni kromé& analyzy vzorku zahrnuje pfipravu pacienta, vlastni
odbér vzorku, zaslani odebrané¢ho materidlu do laboratofe a pfipravné prace c¢i
skladovani vzorku pfed samostatnym stanovenim. V této souvislosti hovofime o
preanalytickém obdobi, které je z hlediska ovlivnéni vysledku laboratorniho vySetfeni
zdaleka nejdulezitéjsi. V této fazi hraji nejvyznamnéjsi roli nasledujici faktory:

= 0soba pacienta
= odbér vzorku
= transport vzorku
= uchovévani vzorku pted analyzou
Prvni ti1 faktory se tykaji Iékati a sester klinickych obort, zatimco posledni faktor

se tyka predevsim laboratofi.

® Kapitola 3.5 byla kromé& uvedenych odkazi vypracovana ze zdroji [23-26]
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Osoba pacienta
Tento pojem Vv sobé zahrnuje jednak faktory, které nelze ovlivnit, ale je nezbytné
vzit je v uvahu pii hodnoceni vysledki, a jednak faktory, které jsou ve vétSiné piipada

ovlivnitelné a jejichz Gcinek na laboratorni vySetfeni lze eliminovat.

Faktory neovlivnitelné:

»  pohlavi — zahrnuje rizné rozmezi referenénich hodnot u muzi a Zen

» vek — bere v uvahu rozdilné fyziologické hladiny analytti u déti, dospélych
a seniort

= rasa — referen¢ni hodnoty jsou odlisné v ramci rtiznych etnickych skupin
diky genetické odliSnosti

= gravidita — v te¢hotenstvi se diky hormonalnim zménam méni poméry
nekterych latek

= jiné onemocneni — predevsim chronické choroby mohou zapfi¢init falesné

pozitivni vysledky testl a tim vést k nespravnym zavéram.

Faktory ovlivnitelné:

»  fyzicka aktivita — méni koncentrace mnohych hormont, enzymi a
metabolitl, velikost téchto zmén je zavisld na délce a intenzité zatéze a na
trénovanosti jedince

» psychicky stres — zvySuje koncentraci nékterych hormonli a muze
ovliviiovat sekreci $t'av gastrointestinalniho traktu

= potrava, tekutiny, alkohol — ovliviiuji pH mo¢i a koncentraci nékterych
latek v séru, mohou mit rusici vliv na celou fadu biochemickych testi
(zejména alkohol by pacient nemél ptijimat 24 hodin pted vySetfenim)

»  koureni — zcela rusi vySetfeni Zalude¢ni sekrece. Miize ovliviiovat rychlost
metabolizace 1€kl

= Jéky — mohou plsobit na metabolismus stanovované latky nebo

interferovat pfi vlastnim stanoveni.

Odbér vzorku
Hlavnim kritériem pro odbér vzorku a objektivni vysledky analyz by méla byt

reprezentativnost vzorku. DalSim a neméné dillezitym faktorem je potom zptlisob, misto
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a doba odbéru vzorku. Zasadni je rovnéz spravné oznaceni odbérové nadobky s pfesnou

identifikaci pacienta.

Odbérové ziumaviy na krev

-}

. ,i'ir
l\ S '
b/ — * —

—— es ¢

Zdroj: wanw isips.org, zafi 2008

Krev

Krev je

biologicky material, ktery se nejcastéji posila k vySetieni. Jeji analyza nam

podava presné informace o zménach ve slozeni vnitiniho prostfedi organizmu. Zptsob

odbéru je dan metodikou vySetfeni v laboratofi a jejim technickym vybavenim. Dnes

moderni vySetfovaci metody, tzv. mikrometody, umoziiuji z velmi malého mnoZzstvi

krve provést

celou fadu stanoveni a testd. Pfi vySetfeni krve se vySetfuje plna krev,

sérum nebo plazma. V piipade odbéru krve je dulezité vzit v uvahu nasledujici faktory:

druh odebrané krve - ven6zni, tepennd, kapilarni

doba odberu — obvykle se doporucuje odbér ranni krve po no¢nim la¢néni,
kdy se minimalizuje riziko ovlivnéni vysledku potravou

poloha pacienta - doporucuje se odbér vleze, vstoje stoupa koncentrace
vysokomolekularnich latek véetné hemtokritu az 010-15%

dezinfekce kuze - nebezpe¢i hemolyzy ¢i faleSn€ pozitivnich vysledki
napf. pii stanoveni alkoholu v krvi

odberova nadobka — nejvyhodnéjsi jsou plastové odbérové nadobky na
jedno pouziti. Ty mohou byt pro odbér srazlivé krve opatiené vrstvou
kaolinu nebo skelnou vatou. Oddéleni séra dale usnadiuje inertni gel,
jehoZ hustota je zvolena tak, aby po odstfedéni vytvofil rozhrani mezi

rwr

krvinkami a vrstvou séra. PouZiti sklenénych nadobek ptinasi riziko
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prasknuti (napt. v centrifuze) a nasledné kontaminace okoli a riziko
ovlivnéni vysledku test z divodu Spatného umyti skla.

"  typ krve (srazliva a nesrazliva) — pro ziskéni nesrazlivé krve je zapotiebi
ptidavat do odbérové nadobky protisrazlivé cinidlo (heparin, fluorid
sodny, EDTA). Antikoagulant vSak mize meénit slozeni krve a rusit

analyzu napf. pfi stanoveni iontd, coz je vzdy tieba brat v uvahu.

Moc¢

Moc¢ je tekutina tvofend a vyluCovand  Odbérové zkumavky na mod
ledvinami. Mo¢i se organismus zbavuje
celé¢ tady latek, které v ném vznikly za
fyziologickych 1 patologickych okolnosti,
ale také latek, které se do organizmu
dostaly zvenci.

Vzhledem K neinvazivnimu zptsobu
je odbér moci oproti odbéru krve mnohem

jednodusi a pro pacienta méné stresujici.

Vysetieni se provadi obvykle z ranni moci

Zdroj: wnw isips.org, zafi 2008

a moC je odebirana bud do riznych
odbérovych nadobek, nebo do specidlnich plastovych zkumavek v zavislosti na typu a
misté stanoveni. Diky snadné dostupnosti a zna¢né informativni hodnoté patii analyza

tohoto materialu téz mezi nejcastéji stanovované vzorky v biochemickych laboratotich.

Transport vzorku

Vzorek by mél byt po odbéru bud’ naleZit€ uchovan, nebo co nejdiive odeslan do
laboratote k dal$imu zpracovani. Béhem transportu by mél byt chranén pied svétlem a
extrémnimi teplotami. U ptfepravy nékterych vzorkd krve je ¢asto nezbytna i opatrna
manipulace. Mechanick4 hemolyza je totiZ jednou z nejcastéjSich pficin znehodnoceni

vzorkl krve.
Uchovavani a priprava vzorku pred analyzou

Po transportu odebraného vzorku do piislusné laboratofe je veskera manipulace s

nim az do vlastni analyzy oznaCovéna za laboratorni preanalytickou fazi. I béhem této
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doby vsak muze dojit k chybé¢, kterd by ovlivnila vysledek vySetieni. Tomu se snazime
vyvarovat dodrzovanim ptesné definovanych postupii (SLP, SOP, SZP) a automatizaci.

Pokud neni vzorek ihned zpracovan, musi byt uchovéavan tak, aby nedoslo ke
zkresleni vysledkt pozdéjsich analyz. Nejéastéjsi zptisob uchovavani vzorku je v chladu
Vv lednici pti +4°C v dobfe uzaviené zkumavce. Dal$i moznosti je chemické konzervace,
ktera je Cast¢jS$i u moci. Nutnosti je vSak ovéteni, zda piisluSny konzervant nerusi pfi
pozadované analyze. Pro dlouhodobé skladovani séra, plazmy a moci je vhodné jejich
zmrazeni pii -20°C eventualn¢ -80°C nebo jejich lyofilizace, coz je zpiisob vyuzivany
pfedevsim u kontrolnich sér. Pro sledovani téhoz vzorku v rtizném ¢asovém rozmezi je
nutné vzorek rozdélit do nékolika mensich zkumavek, aby nedochazelo k opétovnému
rozmrazovani a zmrazovani biologického materiélu.

Vlastni zpracovani vzorku je zna¢né zavislé na jeho mnoZstvi a na fyzikalné-
chemickych vlastnostech analytu. K prvotnim metodam zpracovani patii centrifugace,
kterd je nezbytnd napf. pro odde€leni séra nebo plazmy a deproteinizace slouzici
K odstranéni latek bilkovinné povahy. Takto upravené vzorky se uz mohou piimo
analyzovat. Vzhledem ke sloZit¢ struktufe biologické matrice vSak byva piimé
stanoveni analytil z tohoto materidlu ¢asto velmi slozité az nemozné a je tedy nezbytné
odstranéni pokud mozno co nejvétsiho mnozstvi latek, které maji negativni vliv na
analyzu. Za timto ucelem se pouzivaji rizné typy extrakénich metod jako je extrakce do
kapaliny (LLE, SDME), extrakce na pevnou fazi (SPE, SPME) a dalsi.[3, 27,28]

V soucasnosti je stile vEétsi snaha zavadét tzv. on-line stanoveni, kdy je veSkera
dalSi uprava vzorku soucasti automatického procesu, ktery sniZzuje mnozstvi chyb
zpiisobenych lidskym faktorem. Nové technologie a pfistroje sice stale ¢astéji umoziuji
témeét plné automatizované analyzy, ovSem tato zafizeni byvaji velmi ndkladna a vyplati
se tak pouze pfi stanoveni velkych sérii vzorkil. I proto zlistdvd samostatnd uprava
biologického materidlu (extrakce, filtrace, centrifugace, promyvani, zakoncentrovani ¢i
fedéni vzorku, atd.) provadéna laboratornimi pracovniky nedilnou soucasti vétSiny

analytickych laboratofi.

3.5.2. Extrakéni metody LLE a SPE

Vzhledem Kk tomu, Ze soucasti této diserta¢ni prace bylo vyuziti pfedevS§im dvou
typt extrakci LLE a SPE, je v nasledujicim textu uveden stru¢ny popis obou metod

vcetné jejich principu a srovnani.
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Extrakce do kapaliny - LLE (liquid-ligid extraction)

Extrakce z kapaliny do kapaliny stale patfi mezi velmi dilezité analytické
separacni metody a umoziiuje mnoho jednoduchych, rychlych a selektivnich déleni
ruznych druht latek v Sirokém rozmezi koncentraci.[3] Obecny princip metody vychazi
z pravidla ,, podobné se rozpousti v podobném*. Separace latek je tedy zalozena na
jejich rozdilné rozpustnosti v systému dvou vzajemné nemisitelnych kapalin, kterymi
jsou vétSinou vodny roztok a organické rozpoustédlo. PfiCemz interakce mezi
organickou a vodnou fazi by méla byt co nejmensi. Zaroven podminky extrakce se musi
upravit tak, aby rozpustnost extrahované latky v kapaling, do niz se extrahuje, byla co

nejvetsi. Postupy, které mohou nejvice ovlivnit G¢innost LLE jsou:

vybeér vhodného rozpoustédla — viz vyse.
» potlaceni ionizace analytu — vzrista jeho rozpustnost v organické fazi:

- upravou pH,

- pfidavkem soli (vysolovaci efekt),

- pfidavkem kovovych ionti (tvorba iontovych part).
" Vzdjemny pomér fazi - vétSim mnozstvim rozpoustédla, do kterého se extrahuje,

dosahneme vyssiho vytézku extrakce. Vhodny je pomér 1:5 az 1:10.

» Opakovadni extrakce — UCinnost extrakce je vét§i pii pouziti nékolika menSich
podilt organické faze nez pii extrakci jednim velkym objemem. V praxi se
pouzivad maximalné 2-5 naslednych extrakci. V ptipadé nizkého vytézku je tfeba

zménit nebo upravit cely extrakéni systém.

Vyhody LLE Nevyhody LLE
jednoduchost tvorba emulzi
minimélni néroky na instrumentaci vEtsi objemy vzorki
nizka cena vysoka spotieba organickych rozpoustédel
Siroké mozZnosti vyuZiti nemoznost automatizace

Ackoliv je metoda LLE stale jednou z nejvice pouzivanych extrak¢nich metod ve
vSech typech laboratofi, je i vzhledem kvySe zminénym nevyhodam stile vice
nahrazovana metodou SPE. Vyhodou extrakce na pevné fazi je predevSim moznost

automatizace a podstatné snizeni objemu vzorkl i1 rozpoustédel. Tento problém by
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mohla vyfeSit miniaturizace celého systému. V druhé poloviné devadesatych let 20.
stoleti byla poprvé popsdna metoda mikroextrakce kapalina-kapalina. Tento systém
vyuziva kapku rozpoustédla na konci teflonového vldkna nebo na Spicce jehly, tzv.
extrakce na jedné kapce (Single-Drop Microextraction, SDME) a principieln¢ vychazi
z metody SPME (viz nize). Postup muze byt nasledujici: injekéni (nastiikova) jehla
s organickym rozpoustédlem (o objemu 1-2 ul) se ponofi do nadobky s vodnym
roztokem vzorku. Poté je pistem stfikacky vytlacena kapka rozpoustédla do vzorku a po
urcité dob¢ pusobeni (extrakce) se kapka opét vtahne zpét. Dale se jehla vytdhne ze
vzorkové nadobky a provede se nastiik do chromatografického systému. Extrakce miize
byt provedena i v prostoru nad kapalinou v tzv. headspace moédu a cely tento proces lze
tedy uspésné aplikovat v HPLC i v GC.[3,27,29,30]

Kritickym faktorem opakovatelnosti celého procesu je teplota a doba extrakce, kdy
se vzristajicim ¢asem nebo teplotou dochazi ke zmenSovani objemu kapky. Opaény
problém muzeme pozorovat u piili§ velkého objemu kapky, kdy se zvétSuje riziko jejiho
odtrzeni od vlakna ¢i jehly. VyfeSeni téchto nedostatkii by mohly piinést dalsi nové
zpusoby extrakci oznaCované jako membranové extrakéni techniky. Tyto metody
vyuzivaji vysoce porézni materidly, které slouzi k ukotveni jedné z tazi. Jedna se napft. o
metody MMLLE (micrporous membrane liquid-liquid extraction ) a SLE (supporetd
liquid extraction).[27,31]

Extrakce na pevnou fazi - SPE (solid-phase extraction)’

Extrakce tuhou fazi je jednostupiiovd metoda rozdéleni analytu mezi dvé
nemisitelné faze, z nichz jedna je tuha. Do tuhé faze ptechdzi analyt z plynné ¢i kapalné
faze.[3] Metoda SPE se pouziva k odbéru a upravé vzorku. Je vhodna k odstranéni
rusivych slozek matrice, k selektivnimu obohaceni (zakoncentrovani) vzorku ¢i
K izolaci stopovych latek.

Princip metody spociva v selektivnim zadrzovani skupiny latek, nejcastéji
organickych molekul na pevné fazi, kterd je umisténa ve formé sloupce nebo membrany
vhodné tuhé faze (sorbentu) v zavislosti na vlastnostech analytu a zptisobu vyuziti SPE.

V soucasné dobé je na naSem trhu velké mnozstvi vyrobcii ¢i distributord, ktefi

nabizeji rozmanité druhy SPE diskii a kolonek s riznymi typy sorbentti, které se velice

" Kapitola Extrakce na pevnou fazi - SPE byla kromg& uvedenych odkazii vypracovéna ze zdroji [32-35]
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podobaji sorbentim béznych analytickych kolon. Hlavnim rozdilem je piedevs§im jina
velikost Castic, ktera se v ptipadé¢ SPE sorbenti pohybuje v rozmezi od 10 do 100 um.
Materidly sorbentl jsou opét stejné jako v kolonéch pro HPLC. Od klasickych sorbentti

na bazi siliky nebo aluminy, pfes modifikované a polymerni sorbenty az po rizné

hybridni materialy.
Vyhody SPE Nevyhody SPE
selektivita proménlivost kvality sorbentu pti vyrobé
jednoduchost pro nekteré specifické izolace nejsou na
nizka spotteba rozpoustédel trhu vhodné SPE kolonky

reprodukovatelnost -

¢asova nenaro¢nost kvalita 1 sortiment SPE kolonek se v§ak
moznost automatizace neustale zlepSuje a zvétSuje
Provedeni SPE

Extrakce na pevnou fazi se pouziva k rozdéleni latek, které jsou pfedmétem naseho
zajmu (analytll) od necistot (matrice a ostatni latky v ni obsazené). Vzhledem k typu
vzorku a pozadavkim analytika existuje nc¢kolik obecnych schémat jak dosdhnout

pozadované separace.

Selektivni extrakce — sorbent slouzi k zadrzeni vybranych latek (bud’ analytu nebo
necistot).
Selektivni promyvani — analyt 1 neCistoty jsou zadrZeny na sorbentu. Necistoty jsou
odstranény pomoci vhodného rozpoustédla.
Selektivni vymyvani — analyt 1 neCistoty jsou zadrZzeny na sorbentu. Analyt je

vymyt pomoci vhodného rozpoustédla.
Vlastni proces extrakce na pevnou fazi se pak skldda z nasledujicich péti krok,

kter¢ mohou byt dle potfeby redukovany. Naptiklad pti pouziti SPE k odstranéni

necistot selektivni extrakci 1ze pouZit pouze prvni tfi kroky.
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Obr. 10 Schematické zndzornéni postupu provedeni SPE
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Zdroj: [36]
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Vybér vhodné SPE kolonky — viz vyse

Kondicionace kolonky - piiprava kolonky na reprodukovatelnou interakci
slozek vzorku s pevnou fazi, kterd je umoznéna solvataci pevné faze. Kolonka se
proplachne pfedepsanym rozpoustédlem (aktivace pevné faze pro interakce se
vzorkem) a nasledné rozpoustédlem podobnym vzorku (Uprava prostiedi pro
vlastni vzorek).

Napr. Faze C18: aktivace metanolem, uprava prostiedi vodou a nasleduje vodny
roztok vzorku

Aplikace vzorku — podle druhu pevné faze a vzorku dochazi ke specifickym
reakcim latek s pevnou fazi. K dosazeni maximalni retence sledované latky je
Casto nutné pfizplsobit vlastnosti extrahované smési konkrétnim reakénim
podminkam (Uprava pH, precipitace proteinti apod.). Zadana skupina latek se
pak selektivné sorbuje a nesorbované latky (matrice) prochazeji voln€ kolonkou.
Promyvdni - proplachnuti sorbentu vhodnym rozpoustédlem vede k vymyti
zbytkli matrice vzorku zkolonky, zatimco stanovované latky zlstavaji
sorbovany na pevné fazi.

Eluce (vymyvani) - kolonka se promyvd vhodnym elu¢nim rozpoustédlem,
dochazi k selektivni desorpci izolovanychych latek z pevné faze a k jejich
vymyti z kolonky.

Pozn. Tomuto procesu muze jest€¢ predchazet krok SuSemi (napt. proudem
inertniho plynu - nejCastéji dusiku). Zejména v piipadé¢ pokud se elu¢ni

rozpoustédlo vyrazné lisi od promyvaciho roztoku.
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Instrumentace SPE

Vybaveni potiebné pro extrakci na pevnou fazi (SPE) miize byt velice riznorodé.
Zpravidla se jednéd o kolonky ve tvaru injekcni stiikacky bez pohyblivého pistu, které
jsou naplnéné sorbentem ve formé sloupce nebo membrany. V prvnim piipad¢€ se jedna
o tzv. SPE kolonky, které jsou definovany typem pevné faze, objemem kolonky (1 —
60 ml), maximalni pratokovou rychlosti, kapacitou (50 mg — 10 g), minimalnim
eluénim objemem (10 pl — 50 ml) a materidlem vlastni kolonky (sklo, polypropylen).
V druhém piipadé jde o extrakcni disky, které predstavuji moderni formu SPE. Disk je
tvofen tenkou kompozitni membranou z PTFE nebo PVC schemicky vazanou
stacionarni fazi, coz pfinasi fadu vyhod oproti konven¢ni SPE. VEtsi plocha umoznuje
pouzivani vétSich pratokovych rychlosti, mensi hmota sorbentu snizuje objemy vzorku i
kapacitu a vytéznost. Nevyhodou extrakénich diskil je riziko jejich ucpéni, emuz se

predchazi predfiltraci, a zatim omezeny pocet dostupnych fazi.

Obr. 11 Zpusoby provedeni SPE
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Vlastni realizace miize byt provedena pretlakem (napf. pfi manudlnim provedeni,
kdy se na roztok v kolonce ptisobi injekénim pistem), podtlakem (za pouziti vakuového
zafizeni) nebo odstfedénim. VSechny tyto procesy jsou relativné snadno
automatizovatelné, coz je jedna z nejvétSich pfednosti SPE. On-line spojeni s n¢kterou
z chromatografickych metod pak pfinasi fadu dalSich vyhod. Pfimé davkovani vzorku
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snizuje bezpecnostni rizika pii praci s nebezpenym materidlem, dale se zvySuje
presnost a citlivost metody a zvySend produktivita snizuje celkové naklady na jednu
analyzu.

Stale se snizujici objemy analyzovanych vzorkli 1 pouzitych rozpoustédel byly
jednim z podnéta k vyvoji novych metod vyuzivajicich principu extrakce na tuhou fazi.
Piikladem muze byt SPE v mikrotitracnich destickach ¢i ve Spickach pipet (ZipTip,
Millipore)[37]. Dalsi metoda, ktera byla vyvinuta pfedevSim pro spojeni s plynovou
chromatografii, je metoda mikroextrakce tuhou fazi - SPME (solid phase
microextraction). Principielné se jednd o stejnou techniku jako je SPE, ale 1iSi se
zptisobem provedeni. Sorbent je nanesen na kratkém useku povrchu kiemenné kapilary
ve formé tenkého filmu, pfic¢emz povrch této kapilary je chranén ocelovym pouzdrem —
jehlou, do které mize kapilara zajizdét. Vyhody SPME spocivaji predev§im ve snadném
zpusobu provedeni a ekonomické nendro¢nosti (opakované pouziti vlakna, bez pouziti
rozpoustédel). Naopak nevyhody pfinasi ndro¢na optimalizace, horsi opakovatelnost a
mald robustnost metody.

Velice podobnou metodou je potom tzv. extrakce pomoci michadélka — SBSE (stir
bar sorptive extraction). Sorbent je v tomto piipadé nanesen ve velmi tenké vrstvé (cca
1 mm) na povrch magnetického michadélka vlozeného do sklenéného pouzdra.[38]
Hlavnim pozitivem této metody je pifedevsim velmi nizky detekéni limit (ug — ng/l) a
snadné a rychlé provedeni. K negativnim strankdm patfi prozatim malo prozkoumana
moznost opakovaného pouZiti, nizka citlivost pro polarnéjsi analyty a nebezpeci zpétné

extrakce rozpoustédlem.
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3.6. Sledované latky

3.6.1. Vitamin A®

Vitamin A je esencialni latka hrajici vyznamnou roli ve vyzivé lidského
organismu. Poprvé byl popsan na zacatku 20. stoleti. Termin ,,vitamin A pfedstavuje
soubor n¢kolika latek — retinolu, retinalu, kyseliny retinové a retinyl esterti. Z hlediska
terminologie je dilezité i vysvétleni pojmu ,,retinoidy*, které jsou definovany jako latky
strukturn€ a funkéné spjaté s retinolem. Mezi retinoidy se vSak fadi i strukturné odlisné
laky vykazujici aktivitu vitaminu A, jako napf. nové syntetické retinoidy vyuzivané v
riznych oblastech mediciny.

Vitaminu A je tvofen cyklohexenovym jadrem s postrannim polyisoprenovym
fetézcem (obr. 12). Retinol, téz oznacovany jako vitamin A — alkohol, ptedstavuje
nejaktivnéjsi formu vitaminu A. Dehydrogenaci retinolu vznika aldehyd retinal, jehoZz
oxidaci dale vznik4d kyselina retinova. Pfitomnost konjugované¢ho systému péti
dvojnych vazeb davd moZznost vzniku riznych geometrickych izomerli, z nichz
nejcastéjsi je konfigurace all-trans, nasledovana formami 9-cis, 11-cis, 13-cis a 9, 13-
dicis.

Vitamin A se vyskytuje pouze v ZivociSnych tkanich. Bohatym zdrojem je maslo,
vajecny Zloutek, tres¢i jatra ¢i dal$i potraviny zivociSného piivodu. Pfirozenym zdrojem
vitaminu A je vSak i barevné ovoce a zelenina, které obsahuji provitamin [-karoten.
Jeho hydrolyzou ve stievé vznikaji dvé molekuly retinalu, ktery je pak nasledné

redukovan na retinol.

Obr. 12 Struktura vitaminu A

CHs R

CH,0H | Retinol

CHO Retinal

COOH Kyselina retinova

¥ Kapitola 3.6.1.byla kromg uvedenych odkazii vypracovana ze zdroji [23,39,40]
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Biologicky vyznam vitaminu A

Vitamin A hraje zdsadni roli pifi riistu, reprodukci a embryonalnim vyvoji.
Reguluje diferenciaci a proliferaci bun¢k a zajistuje dualezit¢ funkce imunitniho
systému. Aktivni forma vitaminu A (11-cis-retinal) je nezbytna pro vidéni, spravnou
stavbu pokozky a funkci sliznic. Vitamin A ma také mirné antioxidacni ucinky.
Siln¢jsim antioxidantem je vSak B-karoten, ktery uc¢inné likviduje volné radikaly a jiné
reaktivni kyslikové ¢astice (ROS). Kyselina retinovd nemuze byt v organismu
pfeménéna na retinol, a tedy nepodporuje vidéni ¢i reprodukci mé vsak vlastni
biologickou funkci. Podporuje riust a diferenciaci organti a v koznim Iékafstvi se
vyuziva pii 1écb¢ tézkych forem akné. Vzhledem k teratogennim u¢inkiim se vSak
nesmi podédvat t¢hotnym zenam (zptisobuje vyvojové vady u plodu).

Nedostatek vitaminu A se projevuje zhorSenym no¢nim vidénim. Dalsi pokles
muze vést az ke keratinizaci epitelidlnich tkdni o¢i, plic, traviciho a urogenitalniho
traktu. Predavkovani vitaminem A (hypervitaminoza) je pro organismus také
nebezpecné, i1 kdyZ mlze nastat az po dlouhodobém piekratovani doporu¢ované denni
davky. K projeviim intoxikace patii vypadavani vlasii, zvraceni, prijjem, Spatné vidéni,
ale i poruchy reprodukce (teratogenni G¢inky). Naopak podavani -karotenu je z tohoto

hlediska povazovano za zcela bezpecné.

Metabolismus vitaminu A

Retinol se v potravé nevyskytuje ve volné formée, ktera je chemicky nestala, nybrz
ve form¢ esterti s vy$Simi mastnymi kyselinami, nej€astéji jako retinyl palmitat. Ve
vitaminovych pfipravcich se naopak retinol nachdzi ve formé acetatu. Vstifebavani
vitaminu A probihd v tenkém stfeve a je zavislé na mnoZstvi tuki, proteini a Zlucovych
kyselin pfitomnych v travicim traktu. Estery rozpusténé v tucich z potravy jsou
emulgovany zluc¢i a nasledné ve stfevni sténé¢ hydrolyzovany na retinol. Po prichodu
sttevni sténou je vétsina retinolu zpét pfeménéna na estery s mastnymi kyselinami, které
jsou uzavieny do chylomikronii v lymf€. Z lymfatického systému se dostavaji jednak do
krevniho ob¢hu, ale také do jater, kde jsou ulozeny v adipocytech a slouzi jako
rezervodr vitaminu A. Mimo jaterni buniky (v plazm¢) se retinol vyskytuje vazany na
specifickou bilkovinu RBP (Retinol Binding Protein). Fyziologické hladiny retinolu se
u dospélych jedinct pohybuji v rozmezi 0,83 — 2,27 umol/l. [41]
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Retinol a retinal jsou ptisobenim dehydrogenaz a reduktaz pfitomnych ve tkanich

pfeménovany navzajem, jedna se tedy o obousméerny a vratny proces. Mala ¢ast retinalu

vSak muze byt oxidovana na kyselinu retinovou, coz je naopak reakce nevratna. [41,43]

Obr. 13 Metabolismus vitaminu A
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Zdroj: [42]

Terapeutické vyuziti vitaminu A

Z rozmanitych biologickych funkci vitaminu A v organismu vyplyva velky
potencidl a praktické vyuziti retinoidii v rliznych medicinskych oborech, pfedevs§im v
dermatologii a onkologii.

Tretinoin (kyselina all-trans retinova - ATRA) a isotretinoin (13-cis-retinova
kyselina) se pouzivaji k 1écbé akné ¢i jinych dermatologickych potizi. Dalsi analoga
(etretinat, acitretin) jsou aplikovany u psoriazy. [44,45]

V soucasné dobé€ je pozornost 1ékait zaméfena na vyuziti retinoidii v prevenci a
terapii riznych onkologickych onemocnéni vyplyvajici z antiproliferani aktivity
retinoidi ¢i jejich schopnosti regulovat diferenciaci a apoptdézu bunck. Napiiklad vyse

zminovany tretinoin se také pouziva v 1é¢bé akutni promyelocytarni leukémie (APL).
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Kyselina retinova totiz umi obnovit funkci leukemickych bunck a preménit je zpét na
bunky zdravé. Klinické studie ukazuji, Ze chemoterapie v kombinaci s podanim
kyseliny retinové umoziuje definitivni vylééeni APL az u 80 % ptipadd. [46]

V soucasnosti se indikace retinoidii rozsifuje na dal$i druhy nadorh, zvlasté
rakoviny prostaty, pankreatu, mozku ¢i (zatim experimentalné) na rakovinu prsu. Jejich
terapeutické vyuziti je v§ak znac¢n¢ limitovano vysokou toxicitou ¢i vznikem rezistence.
Vyvoj receptor-selektivnich retinoidi a prohloubeni znalosti o mechanismu piisobeni
téchto latek v budoucnu jist¢ povede k dalSimu rozsifeni aplikace retinoid v terapii

raznych forem rakoviny. [47]

3.6.2. Vitamin E®

Vitamin E je dal$im zastupcem vitaminl rozpustnych v tucich. Toto oznaceni opét
pfedstavuje skupinu vice latek zahrnujici a-, B-, y-, o-tokoferol a a-, B-, y-, o-
tokotrienol. Struktura spolecnd vSem formam vitaminu E sestavd z chromanolového
kruhu, na ktery je navazany hydrofobni isoprenoidni fetézec tvoteny 16 atomy uhliku.
Na chromanolovém kruhu se nachézi jedna az tfi methylové skupiny, podle jejichz
poctu a polohy se rozliSuji a-, B-, y-, d-molekuly. Fytylovy (isoprenoidni) fetézec je u
tokoferolll nasyceny a u tokotrienoli nenasyceny — obsahuje tfi dvojné vazby. Struktura
vsech latek patfici do skupiny vitaminu E je zndzornéna na obrazku (obr. 14). [41]

Vitamin E byl objeven Evansem a Bishopem v roce 1922 pii sledovani souvislosti
mezi plodnosti a vyZivou, kdy byla u laboratornich krys zjiSt€éna nezbytnost tohoto
vitaminu pro jejich uspésnou reprodukci. Poprvé byl vitamin E izolovan v roce 1936 a o
dva roky pozd¢ji byla identifikovdna jeho chemicka struktura. Funkce vitaminu E v
lidském organismu nebyla fadné objasnéna az do 60. let minulého stoleti. [41]

V molekule tokoferold/ tokotrienoli se nachazeji tii centra asymetrie: C2 uhlik
chromanolového kruhu a C4‘ a C8‘ uhliky na fytylovém konci, z ¢ehoz teoreticky
vyplyva moznost vzniku osmi stereoizomeri u kazdé z osmi latek vitaminu E. V pfirodé
se vSak vyskytuje nejcastéji R, R, R- forma. Nevyssi biologickou aktivitou se vyznacuje
R, R, R- a-tokoferol, dfive oznacovany jako D-a-tokoferol. Synteticky pfipraveny a-
tokoferol naopak obsahuje vSechny stereoizomerni formy ve stejném poméru. Ve

vitaminovych piipravcich se vétSinou setkame s estery vitaminu E (nejéastéji tokoferol

% Kapitola 3.6.2. byla krom& uvedenych odkazii vypracovana ze zdroji [48-50]
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acetatem). Hlavnim pfirodnim zdrojem vitaminu E jsou rostlinné oleje, Cerstva listova

zelenina, vajecny zloutek, ofisky, obilné klicky a mak.

Obr. 14 Struktura vitaminu E
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Biologicky vyznam vitaminu E

Vitamin E je u¢inny antioxidant hrajici zdsadni roli v ochran¢ bunéénych membran
a plazmovych lipoproteinli pfed oxidativnim poskozenim vyvolanym plsobenim
volnych radikald. Volné radikaly obsahuji ve své molekule neparovy elektron, diky
némuZ velmi ochotné reaguji s nenasycenymi mastnymi kyselinami, proteiny,
uhlovodiky & DNA. Uloha vitaminu E v ochrané membran erytrocytd pied oxida¢nim
stresem tak predstavuje v soucasné dob¢ jednu z hlavnich a prokazanych fyziologickych
funkei tohoto vitaminu.

Biologickd dostupnost a aktivita jednotlivych forem vitaminu E se lisi.
Nejaktivngjsi je piirozeny R, R, R- a-tokoferol charakterizovany biologickou aktivitou
1,49 TU/mg (IU = mezinarodni jednotka). O trochu mens$i aktivitu uz vykazuje
racemickd smés a-tokoferolu a tokotrienoly vykazuji aktivitu uz pouze 0,45 IU/mg.
Ptestoze mnoZstvi y-tokoferolu v potravé je vySsi nezZ mnozstvi a-tokoferolu, plazmové
koncentrace y-tokoferolu tvoii pouze asi 10 % koncentra¢ni hladiny a-tokoferolu. Z

v

toho vyplyva, Ze a-tokoferol je nejhojné;jsi forma vitaminu E v plazmé.
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Metabolismus vitaminu E

Absorpce vitaminu E z potravy probihajici v tenkém stfevé je uzce spojena
s absorpci lipidi. Predpokladem je tedy neporuseny proces traveni tukid a také
pritomnost latek tukové povahy (napf. nasycené mastné kyseliny), které usnadnuji vznik
micel, jejichz prostfednictvim je vitamin E absorbovan do bunék mukoézy tenkého
stieva. Vitamin E je pak zabudovan do chylomikronti a v této formé& vstupuje pies
lymfaticky systém do ob&hu a déle do jater. Cast vitaminu E je pfenesena do svald a
tukové tkané€. Na rozdil od jinych v tucich rozpustnych vitamini, nema tento vitamin
specificky transportni plazmaticky protein, ale je transportovan na lipoproteinech krevni
plazmy (LDL, HDL, VLDL).

Ne vSechny formy vitaminu E jsou vSak stejnou mérou zabudovavany do
lipoproteini krevni plazmy. Naopak na této trovni dochdzi k urcité ,.diskriminaci‘
jednotlivych forem vitaminu E. Preferovan je predevsim R,R,R- a-tokoferol, zatimco
ostatni stereoizomery a vétSina y-tokoferolu jsou vylouceny do zluce. Z toho také
vyplyva vyssi biologickd dostupnost a Gi¢innost pravé D-formy a-tokoferolu. Ptirozena
hladina a-tokoferolu se pohybuje kolem 25 pmol/l a u y- a é-tokoferolt ptiblizn¢ 3
umol/l. V potravé se hladiny jednotlivych forem vitaminu E 1i8i, avSak ve smiSené
stravé pievazuje vétSinou a- a y-tokoferol. [39]

Vzhledem Kk protektivni funkci bunéénych membran je vitamin E obsazen ve

vsech tkanich. Nejvyssi koncentrace pak byly stanoveny v tukové tkani a v jatrech.

Terapeutické vyuziti vitaminu E

Potencialni vyuziti vitaminu E v terapii riznych onemocnéni byva spojovéano
pfedevS§im s jeho antioxidacnimi schopnostmi. V soucasné dobé se védecky zdjem
obraci pfedev§im na objasnéni vztahu mezi zvySenym podanim vitaminu E a jeho vlivu
na prevenci €1 1é€bu onemocnéni spojenych s oxidacnim stresem (kardiovaskularni
choroby, rakovina, Alzheimerova choroba). PiestoZe bylo provedeno mnoho klinickych
studii vénujicich se prevenci kardiovaskuldrnich onemocnéni prosttednictvim podavani
vitaminu E, vysledky jsou nepfesvédCivé a rozporuplné. Podobné v piipadé studii
hledajici souvislost mezi hladinami vitaminu E a vznikem rakoviny byla sniZzena
incidence rakoviny prokazana pouze ve dvou studiich. Z vySe zminéného vyplyva, ze
ackoliv je samotny vitamin E esencidlni latkou pro mnoho pochodl v organismu, jeho
terapeutické vyuziti stale vyvolava mnoho otaznikl a je pfedmétem védeckych studii.

Pomoci sledovani hladin vitaminu E v lidském séru u rtiznych pacientii je vS§ak mozné
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hodnotit oxidacni stres jejich organismu, coz muize byt ndpomocné pro stanoveni

kone¢né diagnodzy i pro sledovani terapeutického postupu. [51,52]

3.6.3. Vyznam stanoveni vitamini A a E v biologickém

materialu'®

Podani chemoterapeutik pii terapii rakoviny je spojené se vznikem oxidacniho
stresu a naruSeni antioxidani rovnovdhy v organismu. Sledovani sérovych hladin
nékterych latek, napiiklad retinolu, a-tokoferolu a y-tokoferolu, umoziiuje monitorovat
tento oxidacni stres u pacientll podstupujicich chemoterapii ¢i radioterapii. Dale miize
prispét k objasnéni souvislosti mezi vznikem rakoviny, jeji 1écbou pomoci riznych
cytotoxickych latek a zménami hladin téchto vitaminl. Napiiklad u pacientek s
rakovinou prsu a vajec¢nikt lécenych kombinaci paclitaxelu s carboplatinou pozitivné
reagujicich na chemoterapeutickou 1écbu bez projevi toxicity byly zjistény zvySené
hladiny a-tokoferolu a retinolu. Niz$i hladiny a-tokoferolu byly naopak sledovany u
pacientu, kde se projevila toxicita terapie. [53]

Podobné lze prostfednictvim sledovani hladiny vitaminu A v séru odhalit
poskozeni stievni sliznice po chemo- a radioterapii. Na tomto principu spociva test
absorpce vitaminu A, kdy je u onkologickych pacientli sledovano, zda dochazi k
malabsorpci vitaminu A zptisobené funkéni zménou intestinalni sliznice, a zdali tento
jev miize mit vliv na nutrini stav pacienta. Soucasti testu je ranni odbér séra (vzorek 1)
nasledovany podanim davky 360 000 IU vitaminu A. Po péti hodinach je znovu
odebrano sérum (vzorek 2). Test je vyhodnocen na zakladé srovnani hladin retinolu a

retinyl esteri v obou vzorcich.

Metody analyzy

V literatufe se nejcastéji setkdme s metodami pro soucasné stanoveni dvou latek -
retinolu a a-tokoferolu. Mnohdy byvaji mezi analyty zafazeny i B- a y-tokoferol, které
vSak na reverzni fazi nelze separovat, proto se vétSinou hodnoti jako suma obou latek.
Vedle retinolu byvaji stanovovany 1 jeho metabolity - retinyl palmitat a retinyl stearat,
¢i retinyl acetat — forma pfitomna ve vitaminovych ptipravcich. Karoteny, xanthiny a

lykopen jsou piirodni latky s vyznamnou antioxida¢ni aktivitou Uzce souvisejici s

19 Kapitola 3.6.3. byla krom& uvedenych odkazi vypracovana ze zdroji [23,39,40,41]
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metabolismem retinolu (ze dvou molekul B-karotenu vznika jedna molekula retinolu), a
proto byvaji také predmétem analyzy spolecné s vitaminy A a E.

Metodou volby pro analyzu vitamini A a E je stanoveni pomoci kapalinové
chromatografie na reverznich stacionarnich fazich. Jako mobilni faze se pouziva
vétSinou methanol, méné Casto pak ethanol, acetonitril ¢i jejich kombinace, anebo se
pfida maly podil nepolarntho rozpoustédla (chloroform, butanol, hexan,
tetrahydrofuran, ethyl acetat). Aplikace normalni chromatografie se také objevuje v
publikovanych pracich. Umoziuje lepsi separaci strukturné podobnych latek (jednotlivé
tokoferoly ¢i izomery kyseliny retinové). Nepiijemnosti normalniho médu je pouziti
organickych rozpoustédel (dichlormethan, hexan), dale nestabilita silikagelové faze ¢i
citlivost systému na stopy vlhkosti.

Chromatografie latek vitaminu E na normdlnich (silikagelovych) stacionarnich
fazich poskytuje rozdéleni vSech Ctyf tokoferoli a tokotrienolli spolu s lepSim
rozliSenim - a y- izomeri. Kromé toho nevyzaduje pred stanovenim odstranéni
triacylglycerolll z matrice, coz se s vyhodou vyuziva v potravinové analyze. Potadi
eluce jednotlivych latek vyplyva z jejich polarity a je déno vznikem vodikovych
interakci mezi fenolickymi OH skupinami tokoferolti/ tokotrienolt a silanolovymi
skupinami na povrchu silikagelu. a-tokoferol obsahuje tii methylové skupiny, a proto je
jako nejméné polarni latka eluovan prvni, nasledovany P-, y- a &- tokoferolem.
Ptitomnost tii dvojnych vazeb ve fytylovém fetézci tokotrienold zvysuje jejich polaritu,
a proto jsou tyto latky vymyty vzdy za odpovidajicimi tokoferoly. I pfes tyto vyhody,
pii soucasném stanoveni tokoferold, retinoidi a pfipadné i1 karotenoidi je preferovana
reverzni chromatografie.

Na oktadecyl-silikagelovych fazich jsou tokoferoly/ tokotrienoly vymyvany z
kolony v opaéném pofadi neZ v normalnim modu. Nejvice je zadrzen a-tokoferol,
nejméné pak d- tokoferol. Tokotrienoly eluuji pfed odpovidajicimi tokoferoly. B- a y-
tokoferol/ tokotrienol vétSinou nelze na reverzni fazi separovat.

V piipad¢ separace retinoidll je situace podobnd. Popsané a prakticky pouZivané
metody pracuji jak v normalnim tak v reverznim moédu. Normalni stacionarni faze
umoznuji separaci geometrickych izomert, zatimco v reverznim systému je toto
rozliSeni obtizné. Vzhledem k rozdilné polarité¢ retinolu a jeho esteri s mastnymi
kyselinami (palmitat, stearat, oleat) je pro tato stanoveni doporucovéno provedeni

chromatografie na reverzni fazi s pouzitim gradientové eluce.
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Pro detekci studovanych vitaminl l1ze vyuzit rizné detekéni techniky. Tradicni
pfistup pfedstavuje UV spektrofotometrickd detekce. Kvili rozdilné absorbanci téchto
latek neni detekce pfi jedné vinové délce mozna, avsak pouzitim moderni instrumentace
s programovatelnou vlnovou délkou v Case analyzy i s moznosti zdznamu absorbance
ptfi dvou vinovych délkach soucasné je mozné nastavit vhodné parametry na zakladé
spektralnich vlastnosti danych latek. Pro dosazeni vysoké citlivosti metody jsou
jednotlivé analyty detekovany pii jejich absorpénich maximech — 325-330 nm pro
retinol a 290-295 nm pro a-tokoferol. V soucasné dobé se s vyhodou pouzivaji vysoce
citlivé detektory diodového pole (DAD, PDA), které umoziuji v jednom okamziku
promé&ieni celého spektra. Mezi alternativni detekéni techniky patii elektrochemicka ¢i
fluorescen¢ni detekce, které v praxi nejsou tolik vyuzivané, avSak poskytuji vysoce
citlivé a selektivni analyzy.

Spojeni HPLC s hmotnostné-spektrometrickou detekci (MS) piedstavuje moderni
trend posledni doby. Ackoliv HPLC-MS poskytuje bohaté informace o analyzovanych
latkach, aplikace této techniky na biologické vzorky je vzhledem ke slozitosti této
matrice docela obtiznd, a 1 proto je stidle vdéénym predmétem dalSiho vyzkumu. Pro
stanoveni vitamind A a E je nejCastéji vyuzita chemicka ionizace za atmosférického
tlaku (APCI) ¢i ionizace elektrosprejem (ESI). Naptiklad prace R. Andreoli et al.[54]
popisuje jednoduchou metodu pro soucasné stanoveni retinolu, a-tokoferolu a -
karotenu v lidském séru pomoci HPLC-MS-MS vyuZivajici APCI v pozitivnim mddu.
Na C8 chromatografické kolon€ bylo pomoci mobilni faze sestavajici z methanolu a
dichlormethanu (95:5, v/v) v izokratickém modu dosaZzeno separace vSech tii latek
béhem 6,5 minut — retinol eluoval jiz v 1,5 minuté¢ a reten¢ni Cas tokoferolu byl
pfiblizn€ 3 minuty. Tato rychld metoda vynikd také ve vysoké citlivosti dosahujici
jednotek nmol a v selektivité viici ostatnim slozkdm analyzovaného séra, kterd je dana
predevsim diky vyuZiti kolizni reakce, kdy je v ur€itém okamziku sledovan konkrétni
pfechod sledovaného iontu na iont dcefinny.

Vétsina dalSich praci vénujicich se soucasnému stanoveni vitamini A a E v
lidském séru ¢i plazmé vSak vyuzivdA HPLC na oktadecylsilikagelovych (C18)
stacionarnich fazich v kombinaci s UV detekci, nej€astéji s pouzitim DAD. V ptipadé
separace pouze téchto dvou vitamint je aplikovana vétSinou izokraticka eluce pomoci
mobilni faze slozené bud z c¢istého methanolu [55] nebo smési methanolu s méné
polarnimi rozpoustédly (acetonitril, hexan, tetrahydrofuran) [56-58]. Zatimco starsi

v

prace uvadeji delsi dobu analyzy (az 16 min) [56], s vyuzitim modernéjsi instrumentace
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a dokonalejsich kolon je v nedavnych pracich dosazeno velmi rychlych analyz (3 min)
[58]. Mnoho praci se vénuje analyze rozmanit€jsi skupiny latek, kdy vedle vitamind A
a E jsou stanovovany i karotenoidy ¢i vitamin D. Separace takovych smési analyti pak
vyzaduje pouziti gradientové eluce [59-62].

Prace tymu D. Siluk [63] a G. Taibi [64] uvadéji vyuziti fluorimetrické detekce pii
stanoveni retinolu, a-, y-, ev. - tokoferolu v lidském séru a plazmé. Ob¢ publikované
metody byly vyuzity pro klinické studie na velkém souboru pacientd. V novéjsi
publikaci z r. 2007 bylo dosaZzeno vysoké citlivosti stanoveni (70 nmol/l pro retinol, 50
a 250 nmol/l pro y- a 3-tokoferol a 1,16 umol/l pro a-tokoferol).

Z uvedenych dat je patrné, Ze vyznam i sledovanost vySe zminénych latek je velka

a kazdy z novych zptsobu stanoveni nachazi své uplatnéni nejen v klinickém vyzkumu,

ale i v klinické praxi.

3.6.4. Neopterin'

Neopterin byl objeven v roce 1963, kdy se jej podafilo izolovat ze vcelich larev
véel délnic. Chemicky se jedna o 2-Amino-4-hydroxy-6-(D-erythro-1°,2’, 3’-
trihydroxypropyl)-pteridine, jenz patii do skupiny nekonjugovanych pteridinti, ktera je

biosynteticky odvozend od guanosin trifosfatu

(GTP). Enzymatickym Stépenim GTP vznika O OH
nejprve  7,8-dihydroneopterin  trifosfat, ze H‘"I*-' r"-.\“ : CH,0H
kterého se pomoci dalSich enzymu tvofi 5,6,7,8- A“- P OH

tetrahydrobiopterin,  7,8-dihydroneopterin  ¢i .
neopterin.

Tetrahydrobiopterin je nezbytnym kofaktorem cel¢é fady monooxygendz
aromatickych aminokyselin a také je odpovédny za konverzi argininu na citrulin a oxid
dusnaty. Pfi aktivaci enzymu GTP cyklohydrolazy I interferonem-y produkuje vétsina
bunék jako jsou fibroblasty a endotelidlni bunky ptevazné tetrahydrobiopterin a pouze
malé mnoZzstvi neopterinu a jeho derivati. Naopak monocyty-makrofagy u lidi a
primatd po aktivaci GTP cyklohydrolazy I vytvari vétsi mnozstvi 7,8-dihydroneopterin
fosfatu, ktery je kvili relativnimu nedostatku 6-pyruvoyl-tetrahydropterin syntazy

pfeméilovan na 7,8-dihydroneopterin a neopterin. Diky tomu neopterin pfedstavuje

1 Kapitola 3.6.4. byla krom& uvedenych odkazi vypracovana ze zdrojt [77,81,82]
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uziteny a dllezity parametr monitorovani aktivace imunitniho systému, ktery

doprovazi fadu onemocnéni.

Obr. 15 Biosyntéza neopterinu a jeho derivatii v lidském monocytu/makrofigu

Interferon-y
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Zdroj: [81]

Biologicky vyznam neopterinu a jeho derivatu

Hlavni biochemicka a fyziologickd funkce neopterinu a jeho derivati neni
doposud zcela objasnéna. Pfi aktivaci bunétné imunity se zvySuje koncentrace Thl
bunék, které produkuji interferon-y. Dochazi k uvoliiovani prozanétlivych cytokind a
soucasné se u lidskych monocyti-makrofagt zvySuje kapacita sekrece ROS. Pfitom zde
existuje signifikatni vztah mezi mnozstvim uvolnéného neopterinu a schopnosti sekrece
ROS. Neopterin tak muaze slouzit nejen jako indikator oxida¢niho stresu organismu
zpiisobenou aktivaci imunitniho systému, ale t¢Z sdm k oxida¢nimu stresu pfispiva, a to
tim, ze zesiluje ucinky oxidativnich sloucenin jako je napi. peroxid vodiku.[65]

Naopak nékteré redukované formy pteridinovych derivata jako 7,8-

dihydroneopterin a 5,6,7,8-tetrahydroneopterin jsou povazovany za antoxidanty a byly
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obecné oznaceny za silné ,,vychytavace* volnych radikalovych ¢astic (ROS) in vitro i in
vivo. [66-68]

Oxidacni stres téz vyznamné ovliviiuje rizné redoxni systémy a je tizce spojen s
iniciaci apoptdzy ¢i genovou expresi cytokini jako je TNFa. Neopterin a jeho derivaty
jsou povazovany za spoustéce téchto procesti a hraji tedy dilezitou roli 1 v téchto
biochemickych pochodech.

Vzhledem Kk vySe zminénym vlastnostem muize sledovani koncentracnich hladin
neopterinu v séru a v moc¢i prispét k diagnostice i progndze nékterych chorob nebo lze
sjeho pomoci sledovat oxidacni stres organismu. Napiiklad u akutnich virovych
onemocnéni jako jsou chiipka, spalni¢ky, zardénky, ptiusnice, atd. se koncentracni
hladiny neopterinu v télnich tekutinach vyznamné zvySuji. A to mnohem diive nez si
organismus zacne vytvaret specifické protilatky. Jakmile se imunitni systém uspeésné
vyporada s infekci a koncentrace specifickych protilatek (napt. IgG) vzroste, hladina
neopterinu klesne na normalni hodnoty. OvSem v piipadé€ chronickych virovych infekci
jako je napt. HIV, koncentrace neopterinu sice po urCité dob¢ klesne, ale ne az do
normalnich hodnot. Produkce neopterinu zlstava zvysena po celou dobu prvotni faze
nakazy, béhem které se vétSinou neobjevuji Zadné priznaky. A tento fakt m4 jiz znac¢ny
prognosticky vyznam: ¢im vysS§i je koncentrace neopterinu v séru nebo v mo¢i, tim
siln€jsi bude progrese AIDS. Sledovani hladin neopterinu tak mtize pfispét k prognoze
choroby podobné jako dalsi prediktivni markery jako jsou bunikky CD4+ a HIV-1 RNA.

Podobné je tomu i1 u nadorovych onemocnéni. Povrch naddorovych bunék je totiz
zménén, nasledkem ¢ehoz mize dojit k aktivaci systému specifické bunéné imunity a
tedy 1 ke zvySené produkci neopterinu. Tento jev zvySené koncentrace neopterinu v séru
¢1 v moci v8ak zavisi na typu, druhu 1 stddiu rakovinového onemocnéni. Naptiklad u
hematologické neoplazie se vyskytuje asi z 90%, zatimco u karcinomu prsu je
pozorovan pouze u cca 20% pacientli. Z tohoto diivodu je sledovéani hladin neopterinu
pro diagnostiku nevhodné. Naproti tomu prognosticky vyznam je zcela
nezpochybnitelny. Monitorovani hladin neopterinu v séru ¢i v mo¢i pomaha piedvidat,
nejen jak silny bude pribéh onemocnéni a jakou mé pacient Sanci na pfeziti, ale mize
také v¢as odhalit relaps nadorového onemocnéni v post-terapeutické fazi.

Podobné¢ vztahy byly pozorovany také u nckterych neurologickych,
kardiovaskularnich a autoimunitnich chorob. Sledovani produkce neopterinu tak muze

prispét k lepSimu porozumeéni patogeneze rtiznych onemocnéni.
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Stanoveni neopterinu v moci a v séru

Neopterin (oxidovand forma) a 7,8-dihydroneopterin (redukovana forma) jsou
nizkomolekularni latky (My = 253 a 255 g/mol), které jsou uvoliiovany v relativné
stalém mnozstvi. V literatuie je uvadén pomér oxidované formy neopterinu a celkového
neopterinu (oxidovana plus redukovana forma). Tento pomér je 1:3 v moci a arteridlni
krvi a 1:2 vséru ziskaného z venodzni krve. Obé formy neopterinu absorbuji v UV
oblasti, ovSem absorp¢ni spektra stejné jako chromatografické chovani neopterinu a 7,8-
dihydroneopterinu jsou velmi podobné. Proto 1ze spektrofotometricky stanovit pouze
celkovy neopterin. [69] Vzhledem k velké citlivosti neopterinu na denni svétlo a ke
znaéné nestabilité jeho redukované formy je spektrofotometrické stanoveni neopterinu
pro klinickou praxi nevhodné.[70] Mnohem cast¢j$i a vhodnéjsi metodou pro stanoveni
neopterinu je metoda HPLC s fluorimetrickou detekci.[71-76]

Jedno z prvnich méfeni neopterinu v moci u pacientd s malignitami a virovymi
infekcemi pomoci HPLC bez upravy vzorkd moce provedl Wachter a kol. v roce 1979.
Tuto metodu v roce 1982 potom pro klinické aplikace dale zpracovali Hausen a Fuchs.
Od této doby ziistava tato metoda aZ na drobné modifikace témét beze zmén. Stanoveni
se provadi v izokratickém modu na kolonach sreverzni fazi C18. Mobilni fazi je
vétsinou fosfatovy pufr o pH 6,4 a prutok je uvadén v rozsahu 0,8 — 1,5 ml/min. Pro
fluorimetrické stanoveni se nejcastéji pouzivaji vinové délky Aex 353 a Aen 438 nm.

Pfi stanovovani neopterinu v mo¢i se musi brat v ivahu rozdilné hustoty moci,
proto je koncentrace neopterinu v moc¢i vyjadfovana v pmol/mol kreatininu. Méfeni
kreatininu se provadi soucasné se stanovenim neopterinu rovnéz pomoci HPLC, ale
s UV detekci pti 235 nm.

Modifikovanou verzi pro stanoveni neopterinu v séru vypracoval Werner
a kol. [71]. Pro analyzu velkych sérii vzorkd byly vyvinuty metody vyuzivajici techniku
radioimmunoassay (RIA) [78] a enzyme-linked immunosorbent assay (ELISA).
V soucasnosti jsou ob¢ tyto metody jiz docela rozsifené a komercné snadno dostupné.
[79,80] Nicméné chromatografické stanoveni je dosud povazovano za standardni a

referencni metodu pouZzivanou predevsim ve vyzkumnych laboratofich.
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4. EXPERIMENTALNI CAST

V experimentalni ¢asti této disertacni prace je uveden kratky pichled
publikovanych praci vcetné jejich stru¢ného komentaie. Prvni kapitola se zabyva
analytickou tematikou, je vénovana publikacim s prvnim autorstvim a metodé pro
stanoveni neopterinu a kreatininu. Druha kapitola pak uvadi souhrn biomedicinskych

praci a studii, Kjejichz vzniku nové vyvinuté analytické metody nemalou mérou

prispély.

4.1. Piehled praci s analytickou tematikou

4.1.1. Optimalizace a validace HPLC metody pro soucasné
stanoveni vitaminu A a E v lidském séru s vyuZitim
monolitické kolony a detekce diodového pole

Uvod

Predmétem studia byl vyvoj vhodné analytické metody pro soucasné stanoveni
retinolu a o-tokoferolu v lidském séru se zaméfenim na rychlost a jednoduchost
analytického postupu. Pozornost byla soustfedéna na vyuziti HPLC a monolitické
Kolony, ktera diky svym vlastnostem umoziuje vysoké pritoky mobilni faze a dosazeni
velmi kratkych Cast analyz. V klinické laboratofi, kde se rutinné zpracovava velké
mnozstvi biologickych vzorkd, pfinasi rychlda a jednoduchd metoda znacnou casovou
usporu a podstatné zvySeni pracovni kapacity.

Jak jiZ bylo zminéno v teoretické ¢asti, publikaci popisujicich analytické postupy
pro stanoveni vitaminid A a E v biologickém materialu existuje mnoho. Metodu volby
predstavuje HPLC se zapojenim casticovych sorbentii na bazi C18. Prestoze byl v
poslednich letech zaznamenan velky z4jem o monolitické materialy véetné monolitnich
sorbentll aplikovanych v oblasti analytické chemie, vyuZziti monolitickych kolon se
zatim nejevi zdaleka jako rutinni, coz doklada pomérné maly pocet praci publikovanych
na toto téma. Studie zaméfené na monolitické kolony se vénuji spiSe technologii jejich
pfipravy, testovani a fyzikalnim a chromatografickym vlastnostem. N¢kolik ¢lankl se
vénuje vyuziti monolitnich kolon v analyze 1é¢iv a jejich metabolitli, polutantd ¢i
potravinaiskych aditiv, ale také chirdlnim ¢i bioanalytickym separacim. Pfedkladana

prace predstavuje doposud jedinou publikovanou aplikaci monolitickych kolon pro
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analyzu vitaminti A a E. Vyhodné vlastnosti monolitické kolony jsou demonstrovany
prostfednictvim srovnani téze analyzy uskute¢néné na HPLC systému s ¢asticovou C18

kolonou.

Vysledky a diskuse
Podminky analyzy
Pro separaci analyzovanych latek byla vyuzita monolitni kolona C18 (100 x 4.6 mm).
Optimalni chromatografické podminky zahrnovaly:
*  Mobilni faze: 100% MeOH
e Prutok mobilni faze: 2,5 ml/min
» Zpétny tlak na koloné: 3,3 MPa (480 psi)

« Teplota kolony: 25°C
* Objem nastiiku: 50 pl
» DAD detekce: retinol — 325 nm

a-tokoferol — 290 nm

» Celkovy ¢as analyzy: 1,8 min

Pivodni metoda aplikovana na analyzu studovanych latek vyuzivajici Casticovou
kolonu C18 (150 x 4.6 mm; velikost ¢astic 5 um) je charakterizovand nasledujicimi
podminkami:

e Prutok mobilni faze: 1,5 ml/min

» Zpétny tlak na koloné: 6,5 MPa (950 psi)

* Objem nastiiku: 100 pl

* Celkovy Cas analyzy: 8 min

Ostatni parametry jsou totoZné s vySe zminénou metodou.

Obé metody byly vyuzity pro analyzu vzorkli krve pacientl lécenych na geronto-
metabolické klinice FN HK. Centrifugaci ziskané vzorky séra byly zpracovany pomoci
LLE, kterd sestavala z deproteinace ethanolem a nasledného vytfepani do hexanu.
Vzorek ur€eny pro nastiik do systému HPLC byl ziskan odpafenim hexanu do sucha a

rozpusténim odparku v mobilni fazi.
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Validace metody

V réamci validace vyvinutych metod (s monolitni a ¢asticovou kolonou) byly

hodnoceny nasledujici parametry:

* pfesnost — pfiprava a analyza souboru 10 vzorki, stanoveni opakovatelnosti
reten¢niho ¢asu a plochy piku daného analytu vyjadiené jako
relativni smérodatnd odchylka

» spravnost — pomoci kontrolnich seti Bio-Rad a ClinCheck

* vytéznost — metoda standardniho ptidavku

» linearita — 6 koncentra¢nich trovni, rozsah koncentraci zvolen dle realnych
hladin retinolu a a-tokoferolu v séru

« citlivost — (limit detekce-LOD a limit kvantifikace-LOQ) — LOD odpovida
koncentraci, pifi niz je pomér signalu k Sumu vétsi nez 3, u LOQ
vétSi nez 10

» selektivita — v séru mohou byt pfitomny i ostatni tokoferoly (B-, y-, d-).
Dostatecné rozliSeni pikit vSech tokoferolti prokazuje selektivitu
chromatografického systému. - a y-tokoferol maji v daném

systému shodné elu¢ni profily, proto nejsou navzajem separovany.

Na zékladé vysledki validace lze konstatovat, Ze obé vyvinuté metody je mozné
pouzit jako vhodné validni postupy pro hodnoceni hladin retinolu a a-tokoferolu ve

vzorcich séra.

Porovnani kolon

Zatimco vysledky validace se u obou kolon pfili§ nelisi, hlavni rozdil mezi obéma
systémy spociva v retencnich casech hodnocenych latek, zpétném tlaku na kolon¢ a
celkové spotfebé mobilni faze. Doba analyzy u monolitni kolony je Ctyfikrat krats$i nez
v piipad¢ Casticové kolony. S tim souvisi 1 2,5krat niz$i spotieba mobilni faze, a to 1
pfesto, Ze pratokova rychlost je pifi pouziti monolitni kolony témét dvojnasobna.
Srovnani je zajimavé i z hlediska zpétného tlaku a Zivotnosti pouzitych kolon. U
¢asticové kolony se po analyze velkého poctu biologickych vzorka zvysi zpétny tlak z
pocatecnich 950 psi na dvojnasobek (cca 2000 psi) a navic dochéazi k prodluZzovéni
retencnich €asii a zhorSeni tvaru piki hodnocenych analytli. Naopak u monolitni kolony
je pocatecni tlak poloviéni (480 psi) a po cca 1000 analyzach se zvySi na stile

piijatelnych 900 psi, avSak retencni charakteristiky obou analytil zlistavaji neménné.
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Diskuse

Pokud je mi znamo, doposud nebyl ve védecké literatuie popséan jiny analyticky
postup pro stanoveni téchto latek vyuzivajici monolitickou kolonu. Vyvinutd metoda
vSak poslouzila pro srovnani s novymi piistupy v kapalinové chromatografii, konkrétné
s vyuzitim UPLC pro analyzu studovanych latek.[83] Ackoliv z pohledu spotieby
mobilni faze nemlize monolitni kolona syst¢tmu UPLC konkurovat (pratok MF
s UPLC = 0,48 ml/min), tak z hlediska rychlosti a citlivosti stanoveni je monoliticka
kolona zcela srovnatelnd s UPLC. Navic, vezmeme-li v uvahu pofizovaci naklady na
systtm UPLC, je pouziti monolitni kolony jednoznacné ekonomictéjsi i pfes vyssi

spotfebu rozpoustédel.

Zaver

Pro analyzu retinolu a a-tokoferolu v séru byla vyvinuta a validovdna nova
jednoduché a rychlda HPLC metoda zaloZena na pouZiti monolitni kolony. Vyhody nové
metody byly demonstrovany pomoci srovnani s klasickou ¢asticovou kolonou. Vyvinuta
metoda byla vyuzita pro hodnoceni oxidacniho stresu u pacientek s rakovinou prsu
léCenych inhibitory aromatazy. Diky rychlosti, citlivosti a jednoduchosti stanoveni
umoznuje tato metoda analyzu velkého pocétu vzorkl, a proto je s vyhodou
aplikovatelna v oblasti klinického monitorovani hladin studovanych vitamin.

Popsana metoda veetné praktického vyuziti byla publikovdna v Casopise Analytica

Chimica Acta (viz. Ptiloha 1)
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4.1.2. Vyvoj a validace HPLC metody pro soucasné stanoveni o-
tokoferolu, retinolu a retinyl estert v lidském séru pomoci
monolitni kolony

Uvod

Metoda byla vyvinuta za tuUcelem sledovani vedlejSich nezadoucich ucinki
chemoterapie ¢i radioterapie u onkologickych pacientli. Pokroky v uspéSnosti
farmakologické 1écby malignich nadorG béhem poslednich desetileti jsou bohuzel
vyvazeny znacnou toxicitou terapeutickych postupl, kterd se projevuje nejCastéji
gastrointestindlnimi poruchami a narusenim antioxida¢ni rovnovahy organismu.
Hodnoceni gastrointestinalni toxicity je dodnes vétSinou zalozeno na subjektivnich
potizich popsanych pacientem. Z tohoto pohledu se moznost objektivniho posouzeni
miry gastrointestinalni toxicity prostiednictvim spolehlivych laboratornich metod jevi
jako nezbytny a dilezity nastroj pro hodnoceni nezadoucich ucinkli protirakovinné
1écby.

Vitamin A se vstiebava v tenkém stfeveé. Nasledné zvyseni sérovych hladin retinyl
esterti po jednorazovém podani vitaminu A vypovida o funkci tenkého stieva. Vitamin
E (a-tokoferol) souvisi s rovnovahou antioxidacnich procesti v organismu, které také
mohou byt v dusledku protirakovinné 1écby naruSeny. Sledovani hladin téchto latek
pomoci vhodnych analytickych metod tak umoZnuje objektivné a kvantitativné hodnotit
miru negativniho vlivu chemo- a radioterapie u lécenych pacientti.

Popsand metoda zahrnuje stanoveni retinolu, a-tokoferolu, retinyl palmititu a
retinyl steardtu béhem jedné analyzy ve vzorcich lidského séra pomoci HPLC na

monolitni koloné.

Vysledky a diskuse
Podminky analyzy
Pro separaci analyzovanych latek byla vyuZita monolitni kolona CI8 v modu
gradientové eluce. Optimalni chromatografické podminky zahrnovaly:
* Mobilni faze: 0 —2,1 min - 95% MeOH/ 5% H,0 (v/v)
2,1 —4,9 min — 60% MeOH/ 40% 2-propanol (v/v)
* Pratok mobilni faze: 3 ml/min

» Teplota kolony: 25°C
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* Objem nastiiku: 20 pl

» DAD detekce: retinol — 325 nm
a-tokoferol — 295 nm
retinyl estery — 330 nm

* Celkovy ¢as analyzy: 6 min

Vzorky séra byly zpracovany metodou LLE pomoci smési hexanu s toluenem (8:2,
v/v) a deproteinace ethanolem. Extrakce do organické faze byla zopakovana dvakrat. Po
odpaieni Cistého extraktu se odparek rozpustil ve smési n-hexanu a methanolu (1:3, v/v)

a tento vzorek mohl byt nastiiknut do HPLC systému.

Validace metody
Validace metody sestavala z provedeni testu vhodnosti systému a provéieni
jednotlivych valida¢nich parametri na zakladé doporuceni mezinarodni konference pro
harmonizaci (ICH guidelines):
 test vhodnosti systému — hodnoceni parametrt popisujicich separacni vlastnosti
chromatografického systému (pocet teoretickych pater, HETP,
asymetrie piku a rozliseni
* pfesnost - pfiprava a analyza souboru 10 vzorki, stanoveni opakovatelnosti
retencniho Casu a plochy piku daného analytu vyjadiené jako
relativni smérodatna odchylka
» spravnost — vytéznost metody vyhodnocena na tfech koncentracnich urovnich,
kazda hladina analyzovéna tfikrat s pouZitim metody standardniho
pfidavku
* linearita — kalibra¢ni kiivka pro 6 koncentra¢nich urovni, rozsah koncentraci
analyzovanych latek zvolen na zaklad¢ redlnych hladin v séru
+ citlivost (LOD, LOQ) - LOD odpovida koncentraci, pfi niz je pomér signalu k
Sumu Vveétsi nez 5, LOQ je rovno desetinasobku hodnoty
koncentrace odpovidajici pomé&ru signalu k Sumu
» selektivita — demonstrovana na zakladé hodnot rozliSeni jednotlivych pika a
separace stanovovanych analytli s moznymi interferujicimi latkami
podobného charakteru (retinyl acetat, retinyl propionat)
+ stabilita — stabilita zasobnich a pracovnich roztoki standardl byla testovana pii

pokojové teploté, 4°C a -25°C. Stabilita pfi -25°C je u retinolu
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zarucena po dobu 6 mésict, u retinyl esteri 1 mésic. a-tokoferol

byl skladovan pfti 4°C, stabilita ovéfena pro dobu 6 mésicti.

Na zakladé¢ vysledkti validace 1ze konstatovat, ze ob¢ vyvinuté metody je mozné
pouzit jako vhodné a validni postupy pro hodnoceni hladin retinolu a a-tokoferolu ve

vzorcich séra.

Diskuse

Vyvinutd metoda byla ovéfena na souboru onkologickych pacientii pied podanim
lé¢by, pacientli 1é¢enych chemo- ¢i radioterapii a na skupiné zdravych kontrolnich
subjektii. U zdravych jedinct se po podani vitaminu A prokazatelné zvySily hladiny
retinyl esterli oproti stavu pfed podanim, kdy byly téméf pod limitem detekce. U
retinolu bylo pozorovano jen mirné zvyseni koncentrace. V ptipad¢ nelécenych pacientli
byly vysledky shodné se zdravou skupinou. Naopak u pacientdi, ktefi absolvovali
chemo- ¢i radioterapii, byly hladiny esteri retinolu po podani vitaminu A velmi nizké,
prakticky totozné s koncentraci pied poddnim. Vysledky analyz tedy jednoznacné
poukdzaly na rozdily ve vstiebani vitaminu A u zdravych jedincli, nelécenych

nemocnych a pacientli po 1é¢be¢.

Zaver

Stanoveni a-tokoferolu, retinolu a retinyl esterti ptredstavuje U€inny nastroj pro
monitorovani toxicity protirakovinné 1écby. Hlavni pfednosti vyvinuté metody je
soucasné stanoveni vSech analytil v pomérné kratkém case, coZ Ize s vyhodou vyuZit ve
velkych klinickych studiich pro hodnoceni toxicity dnes b&Zné pouzivanych
chemoterapeutik ¢i toxicity novych 1éciv.

Vyvinutd metoda byla publikovana v Casopise Journal of Separation Science a je

uvedena v Priloze 2.
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4.1.3. Stanoveni neopterinu a kreatininu

Jelikoz zna¢na cast publikovanych praci byla vénovana stanoveni neopterinu a
kreatininu, je nezbytné vysvétlit historii zavedeni této metody. Nami pouzivand metoda
byla pfevzata z ptivodnich praci profesort Wachtera, Hausena a Fuchse [77,84], kterou
dale pro potieby laboratofe GMK optimalizovala a validovala Dr. Solichova.[85,86]
Vzhledem k tomu, ze v roce 2005 byl do laboratofe GMK zakoupen novy kapalinovy
chromatograf (Shimadzu, LC 20A Prominence), ktery nahradil doposud pouzivany
starsi pristroj HP 1084 A, bylo nutno pievést stavajici metodu na novou instrumentaci.

Modernizace celé metody se tak stala dalsi néplni této disertacni prace.

Pivodni metoda

Pro separaci analyzovanych latek byla pouZivana ¢asticova kolona C18 (150 x
3,3 mm, s velikosti ¢astic 5 um, Tessek) v modu izokratické eluce. Stanovovanym
analytem byl pouze neopterin eluovany v ¢ase 4,54 min. Koncentrace kreatininu byly
méfeny Jaffého kinetickou metodou na Ustavu klinické biochemie FN HK. Optimalni

chromatografické podminky zahrnovaly:

* Mobilni faze: fosfore¢nanovy pufr (pH 6,4; 15 mmol/l)
* Prutok mobilni faze: 0,8 ml/min

» Teplota kolony: 25°C

* Objem nastiiku: 20 ul

* Fluorimetricka detekce: Aex 353 nM, Aem 438 nm
* Celkovy Cas analyzy: 10 min

« LOD: 90 nmol/I

« LOQ: 300 nmol/I

Obr. 16 Priklad chromatografického zaznamu z integrdtoru (moc)

fluorescence

(}E]mjn

4,54 min
D-erythroneepterin
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Nova metoda

Nové technologické moznosti S Sebou piinesly zna¢né zmeény. Jednou z nejvétsich
byla zména zplsobu zaznamendvani a vyhodnocovani dat. Manuélni vyhodnocovani
chromatografickych zdznamt z integratoru nahradilo pocitaové zpracovavani
naméfenych vysledkit pomoci sofistikovaného softwaru. Dalsi vyznamnou novinkou
byla moznost pouziti mikrotitraénich desticek v automatickém davkovaci
s regulovatelnou teplotou Vv rozmezi 4-40°C spoleéné s moznosti piesného a
opakovatelného nastiiku malych objemti.

Vyznamnou zménou bylo rovnéz pouziti dvou detektord, PDA a fluorescenciho
detektoru, coz nam umoznilo stanovovat zaroven neopterin i kreatinin bez dalsiho
¢ekéani na vysledky z jiné laboratofe. Nejvice moznosti pro zménu celé metody vSak
nabizela §iroka $kala dostupnych sorbentl, a to jak v analytickych kolonach tak
v ptedkolonkach.

Z duvodu nutnosti zpracovani velkého souboru vzorkt byla pievzata vétSina
parametri zZ pivodni chromatografické metody. Pro ovéfeni spravnosti nové metody
byla opakované pouzita série kontrolnich vzorki, které¢ byly analyzovany jesté plivodni
metodou na starsi instrumentaci. Soucasné bylo provedeno porovnani naméfenych dat

s vysledky ziskanymi pomoci jinych metod (RIA, Jaffého metoda).

Nové chromatografické podminky zahrnovaly nasledujici zmény:

* Objem nastiiku: 1 ul

* Celkovy Cas analyzy: 6 min

+ LOD: 3,53 nmol/l
« LOQ: 10,79 nmol/I

Pro vlastni stanoveni neopterinu bylo v pivodni metod¢ vyuzito kombinace
sorbentu C18 se stoprocentné vodnou mobilni fazi. Vzhledem k tomu, ze literatura
doporucuje pro analyzy na reverznich fazich alespon maly obsah organickych
rozpoustédel a slozeni mobilni faze jsme s ohledem na letité zkuSenosti rakouskych
kolegti nechtéli ménit, rozhodli jsme se tedy vyzkouset nékteré z novych typt sorbenti,

které¢ umoznuji praci s €ist€¢ vodnou mobilni fazi.
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Polymerni sorbent
Piikladem je kolona C18 Asahipak ODP-50 4D, 150 x 4,6 mm, Sum, Shodex.

Zivotnost doposud pouzivanych kolon byla relativné kratka, proto jsme chtdli vyuzit
piredkolony a piepinaciho ventilu, abychom snizili obsah balastnich latek, které¢ se
dostavaji na analytickou kolonu spolecné se stanovovanymi latkami. Bohuzel retence
naSich analytii na pfedkolondch byla velmi mald a pouze prodluzovala celkovy cas
analyzy. A ackoliv se volba této staciondrni faze zdala zprvu jako idealni, tak po

nekolika desitkach analyz jsme zacali pozorovat zhorSujici se tvar chromatografickych

pikti a niz8i separacni €innost polymerni kolony.

Obr. 17 Chromatograficky zaznam neopterinu na koloné Asahipak (moc)
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Obr. 18 Chromatograficky zaznam kreatininu na koloné Asahipak (moc)
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Hybridni sorbent

Piikladem je kolona Gemini C18, 150 x 3,0 mm, Sum, Phenomenex. Tento typ
sorbentu se ukazal jako mnohem vhodnéjsi. Tvar pikd i1 separacni ucinnost kolony
zustavaly stejné 1 po n€kolika stech analyzéach, a proto jsme tuto kolonu vybrali jako
nejvhodnéjsi. Veskerd data uvedena v nize popsanych publikacich byla ziskana

S pouzitim této kolony.

Obr. 18 Chromatografické zdzrnamy neopterinu a kreatininu na koloné Gemini (moc)
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4.2. Aplikace vyvinutych analytickych metod v klinické praxi

Vsechny vySe zminéné analytické metody byly vyvinuty na podnét 1ékait
Z riznych obori, ktefi méli zajem sledovat netradi¢né stanovované latky v krvi a moci
svych pacienti. Vzhledem k tomu, Ze nejvice jsem spolupracoval s tymem profesora
Melichara z Oddéleni onkologie a radioterapie, tak se vétSina uvedenych praci zabyva

sledovanim vybranych analytii u pacientli s nddorovym onemocnénim.

4.2.1. Sledovani sérovych hladin antioxida¢nich vitamini u

onkologickych pacientu

Poskozeni antioxida¢ni rovnovahy u léCenych onkologickych pacientl je
piisuzovano toxickym uc¢inkim chemo- a radioterapie. Ve studii prof. Melichara [87]
uskutecnéné na Oddéleni onkologie a radioterapie FN Hradec Kralové byly sledovany
sérové hadiny a-tokoferolu, retinolu a neopterinu. VSechny tyto latky hraji dilezitou
roli v antioxida¢ni rovnovaze organismu. Neopterin je navic povazovan za indikétor
aktivace imunitniho systému a v ramci studia souvislosti mezi jeho hladinami a
biochemickymi pochody v organismu napadeném zhoubnym nadorem je neopterin
stanovovan jak v séru, tak v moci onkologickych pacientil.

Studie byla provedena na souboru 28 pacientek s rakovinou prsu a vajecnikll
lé€enych kombinaci paclitaxelu a carboplatiny. Hladiny vSech latek byly sledovany pted
zahajenim a v priabéhu chemoterapie. Oba vitaminy byly analyzovany pomoci vyse
zminéné HPLC metody, neopterin byl pro ucely této studie hodnocen
radioimunoanalyzou (RIA). Cilem studie bylo jednak objasnit, jak se méni hladiny
vybranych analyti béhem chemoterapie, ale také nalézt piipadnou souvislost mezi
sérovymi hladinami sledovanych latek a pfitomnosti ¢i absenci zavaznych projevil
toxicity vyvolanych chemoterapii.

Vysledky studie byly ve srovnani s dfive publikovanymi pracemi piekvapivé.
Béhem terapie doslo k vyraznému zvySeni hladin a-tokoferolu a retinolu a soucasné¢ ke
snizeni hladiny neopterinu. U pacientek se zdvaznymi projevy toxicity byly naopak
pozorovany nizsi hladiny a-tokoferolu.

Prekvapivost vysledkd spociva v rozporu s dfive publikovanymi pracemi, kde bylo

pozorovano snizeni hladin téchto latek béhem chemoterapie, coz je vysvétlovano
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rozvojem oxidacniho stresu a systémové zanétlivé odpovédi v souvislosti s toxickymi
ucinky chemoterapie. Zvysené hladiny vitaminu zjisténé v ramci této studie jsou proto
vysvétlovany pravdépodobnym potlacenim systémové zanétlivé odpovedi organismu na
chemoterapii. Tuto ideu podporuje i fakt, ze zvySené hladiny antioxidacnich vitamina
byly pozorovany pravé u pacientek s nizkym projevem toxicity, zatimco u pacientek se
zavaznymi projevy toxicity (leukopenie, anemie, prijem, nausea) byly hladiny a-
tokoferolu niZsi.

V préci prof. Melichara je také nastinéna otazka, zdali vySe sérovych hladin a-
tokoferolu pred zahajenim terapie mize mit néjaky vliv na miru rozvoje zavaznych
projevu toxicity béhem chemoterapie. Pro objasnéni této otazky by bylo potieba provést
rozsahlejsi klinickou studii. Na praktickém ptikladu vSak bylo demonstrovano, Ze
validni analytickd metoda pro stanoveni hladin sledovanych analyti je opravdu
dialezitym nastrojem pro ziskani platnych vysledki, pomoci nichz mohou byt objasnény

nové skutecnosti nejen v oblasti onkologického vyzkumu.

4.2.2. Sledovani hladiny neopterinu v mo¢i u onkologickych
pacienti

Dalsim smérem klinického vyzkumu prof. Melichara je studium neopterinu a jeho
vyznamu v diagnostice a 1é¢b¢ riznych druhi rakoviny. Védecké publikace tymu prof.
Melichara jsou zaméfeny na sledovani hladiny neopterinu u pacientd trpicich rGznymi
druhy rakoviny a na zkoumani vztahti a zavislosti mezi hladinami neopterinu a dal§imi
faktory (prognéza onemocnéni, celkovy stav pacienta, ucinek chemoterapie atd.).
Hladina neopterinu v moc¢i je analyzovana pomoci HPLC vySe zminénou metodou.

V nésledujicim textu bude struéné shrnut klinicky vyznam stanoveni neopterinu v
moci, jak vyplyva ze sedmi vybranych védeckych ¢lanka autorského kolektivu prof.
Melichara zaméfenych na danou tematiku. Pro vSechny zminéné publikace byla pouzita
data ziskana HPLC analyzou neopterinu v moc¢i onkologickych pacientt.

Hladina neopterinu v moci byla sledovdna u pacienti trpicich riznymi druhy
nadorovych onemocnéni: rakoviny vajecnikit (EOC, epithelial ovarian carcinoma a jiné
druhy) [88, 89], prsu [90], horni ¢asti zazivaciho traktu, slinivky bfi$ni a Zlucovych cest
[91], rakoviny jater [92], plic, hlavy a krku [93] a kolorektalnim karcinomem [94].
Cilem vyzkumu bylo nalezeni vztahu mezi hladinou neopterinu a souvisejicimi

parametry, které zahrnuji:
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* progndzu onemocnéni

» prubeh 1€Eby (vliv podani chemoterapeutik na hladinu neopterinu)

» ucinek chemoterapie a zdravotni stav pacienta

* projevy toxicity chemoterapie

* parametry gastrointestindlni permeability (parametry charakterizujici
bariérovou funkeci stievni sliznice, pomoci plynové chromatografie se zjistuji
hladiny raznych sacharidi v mo¢i po jejich peroralnim podani)

» dal$i parametry — hladina hemoglobinu, krevnich c¢astic, antioxidacnich

vitaminu.

Obecné je prostiednictvim meéfeni neopterinu sledovana aktivace imunitniho
systému a zanétliva odpovéd’ organismu v souvislosti s vybranym onemocnénim a jeho
1é¢bou.

Prace zamétfené na sledovani hladiny neopterinu u pacientek s rakovinou vajecnikil
[88, 89] popisuji zjisténi vyznamné zvySenych hladin tohoto markeru jak u primarnich
nadord, tak u pacientek s metastdzemi z jinych nadordi. Prvni zminénéd studie byla
provedena na souboru 49 pacientek. Vyssi hladiny neopterinu byly pozorovany u
pacientek s vaZnymi projevy toxicity vyvolané chemoterapii. Naopak u pacientek s
niz8§imi hladinami neopterinu byla lepsi prognéza onemocnéni a delsi doba preziti. V
druhé praci bylo sledovano pouze 5 pacientek, avsak s vyssi frekvenci odbéri moci a
méfeni neopterinu, a to pred zahajenim lécby a poté kazdy den béhem terapie. Zmény
hladin neopterinu u jednotlivych pacientek byly sice odlisné, ale pribéh koncentrace
neopterinu u jednotlivych pacientek odrazel klinicky stav nemocnych. Ze studie
jednoznaéné vyplynulo, Ze zvySend hladina neopterinu koresponduje se zhorSenim
zdravotniho stavu nemocnych, s poddnim 1écebné davky a s toxickymi projevy
chemoterapie.

U pokrocilych stadii kolorektalniho karcinomu byla pfitomnost zvySenych hladin
neopterinu jiz diive popsana. V piipad¢ ostatnich nddort zazivaciho traktu je vSak
vyznam neopterinu méné znam, a proto je dalsi prace prof. Melichara [91] zaméfena na
sledovani neopterinu na souboru 53 pacientt s rakovinou horni ¢asti
gastrointestinalniho traktu, slinivky bfisni a Zlu€ovych cest. I u téchto diagnoz byly ve

srovnani s kontrolni skupinou zjistény zvySené hladiny neopterinu.
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V publikaci vénujici se karcinomu tlustého stieva [94] jsou shrnuty vysledky
studie, jejiz soucasti bylo krom¢ meéfeni neopterinu také hodnoceni parametri
gastrointestindlni permeability u skupiny 21 pacienti trpicich kolorektalnim
karcinomem a léenych kombinaci cytostatik (cetuximab, irinotecan, leucovorin,
5-fluorouracil). Zjisténa data poukazuji na spojitost mezi gastrointestinalni
permeabilitou a systémovou aktivaci imunitniho systému. Sledovani jak neopterinu, tak
propustnosti stfevni sliznice mize mit vyznam pro urceni progndzy tohoto onemocnéni.

Dalsi prace [92] vznikla na zakladé sledovani hladiny neopterinu u skupiny 154
pacientl trpicich primarnimi a sekundarnimi nadory jater. I v tomto piipad¢ byly ve
srovnani s kontrolni skupinou hladiny neopterinu zvySené. Byl pozorovan i statisticky
vyznamny vztah mezi koncentraci neopterinu a vékem pacientli, koncentraci
hemoglobinu a mnozZstvim nékterych krevnich ¢astic (erytrocytd, krevnich leukocytii a
krevnich desticek).

Vztah mezi hladinou neopterinu a mnozstvim hemoglobinu byl zkouman i v praci
zam&fené na rakovinu prsu [90]. U skupiny 194 pacientek byly zjiStény vyrazné
zvySené hladiny neopterinu béhem chemoterapie soucasné¢ doprovazené snizenou
koncentraci hemoglobinu.

Posledni publikace [93] popisuje vysledky studie zaméfené na hodnoceni
koncentrace neopterinu v moc¢i a parametra sttevni permeability u 16 pacientd trpicich
rakovinou plic, hlavy a krku léCenych gefitinibem. U téchto nadort byly jiz diive
pozorovany zvySené hladiny neopterinu v moci. Tato prace se proto soustied’uje vice na
objasnéni souvislosti mezi uCinkem gefitinibu (= blokada receptorii epidermalniho

rustového faktoru) a aktivaci imunitniho systému (prostiednictvim meéfeni neopterinu).

Vyse popsané klinické aplikace jen ¢astecné ptiblizuji napli a smér onkologického
vyzkumu védeckého tymu profesora Melichara. Pro méfeni neopterinu u vybranych
skupin pacientti byla vyuzita HPLC metoda umoziujici soucasné stanoveni neopterinu a
kreatininu v mo¢i. Pfestoze se pro hodnoceni neopterinu v biochemickych laboratotich
Castéji vyuziva metoda RIA, pro analyzu vétSich soubort vzorkt je vhodnéjsi a levnéjsi
pouziti HPLC, coZ bylo ovéteno 1 aplikaci metody na klinicky vyzkum provadény na

onkologickém oddéleni FN HK.
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Urinary neopterin in patients with ovarian cancer
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Serial urinary neopterin measurements reflect the disease course in patients
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Solichova
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Abstract

Inthis study a novel, simple and rapid reversed-phase high performance liquid chromatography (HPLC) procedure for simultaneous determination
of vitamins A and E (retinol and alpha-tocopherol) in blood serum has been developed and validated using monolithic column and dicde-array
detection (DAD).

The monolithic column Chromolith Performance RP-18e (100 mm x 4.6 mm) was operated at ambient temperature. One hundred percent
methanol at flow rate 2.5 ml min~" was used as a mobile phase. Detection of both compounds was performed with diode-array detector, retinol
was monitored at 325 nm and alpha-tocopheral at 295 nm.

The linear dependence between peak area and concentration ranged from 0.25 to 10.00 wmol 17! for retinol and 0.5-50.0 wmol 1=! for alpha-
tocopherol. The limit of detection (LOD) for retinol was 0.02 wmol 1=} and limit of quantification (LOQ) was 0.07 pmol 17!, The limit of detection
(LOD) foralpha-tocopherol was 0.1 wmol 17! and limit of quantification {LOQ) was 0.3 wmol 1=!. Retinol was eluted in 0.8 min and alpha-tocopherol
in |4 min. The simultaneous analysis of vitamin A and E can be achieved in less than 2 min.

The implementation of menolithic column Chromolith Performance shortens the time of analysis of both vitamins four times in comparison with
using traditional particulate column Pecosphere C 18 (150 mm x 4.6 mm). 5 pm. This fact may play an important role for routine clinical analysis
of biological samples.
© 2006 Elsevier B.V. All rights reserved.

Keywords: Retinol; Alpha-tocopherol; Monolithic column: Liquid chromatography

1. Introduction tocopherol) [1]. The perturbations of the balance between the

production of oxygen free radicals and antioxidant defences are

Oxygen free radicals are involved in the pathogenesis of
most common disorders, including atherosclerosis and cancer.
The production of oxygen free radicals 15 normally balanced
by antioxidants, e.g. vitamin A (retinol) and vitamin E (alpha-

* Corresponding author at: Department of Metabolic Care and Gerontology,
University Hospital, 500 05 Hradec Kralove, Czech Republic.
Tel.: +42 495832429 fax: +42 495832001,
E-mail address: solich@lfhk.cuni.cz (D. Solichova).

0003-2670/% - see front matter © 2006 Elsevier B.V. All rights reserved.
doiz 10.1016/j.aca.2006.02.032

involved in the pathogenesis of tissue damage in inflammation,
aging, or in carcinogenesis.

There has been published many papers considerably inter-
ested in the evaluation of retinol and alpha-tocopherol in obser-
vational as well as interventional studies aiming at studying
the cancer chemopreventive properties of these compounds [ 2].
Therefore, rapid and sensitive methods allowing the simultane-
ous determination of these micronutrients are very needed [3.4].

A number of analytic methods to study the concentrations of
retinol or alpha-tocopherol has been published recently [5-10].
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Reversed-phase chromatography on octadecyl-modified silica
(ODS) columns may be considered to represent the method of
choice, although the uge of normal-phase chromatography on
Lichrosorb §1 60 column has also been described [11]. The con-
centrations of individual vitamins or combinations of two or
three vitamins can be chromatographed isocratically. More com-
plicated mixtures may require a gradient program. Conventional
detection techniques include ultraviolet—visible (UV—vis), diode
array (DAD), fluorimetric or electrochemical detection with dif-
ferent detection limits [4].

For clinical laboratories a time- and cost-reducing method
18 of considerable interest. Taibi and Nicotra [5] and Moreno
and Salvado [6] achieved separation of vitamins A and E within
10—14 min. While the analysis of a significant number of sam-
ples using the common silica HPLC columns may be expensive
in terms of time and resources, an application of monolithic
columns into the clinical practice could solve these problems.

A monolithic column is made of a highly porous rod with two
types of pore structure—macropores (typically with a size of
2 pm) and mesopores (size of about 13 nm). This special porous
character of the monolithic column allows relatively high mobile
phase flow rates (1-9 ml min—!) while keeping the backpressure
low. Due to the favourable properties of monolithic materials,
the risk of destruction and damage of the column by movement
of the sorbent inside the column is eliminated and reliability as
well as reproducibility of the analysis are improved [12-14].

In spite of these advantages the monolithic columns have not
heen used as widely as would be expected. Studies on the use of
monolithic columns so far have focused mainly on preparation,
testing, physical and chromatography properties of monolithic
columns [13,15-17]. On the other hand, the number of articles
dealing with practical applications of monolithic columns is still
relatively low, although there has been a marked increase in the
last 2 years [ 18]. These recent publications mostly include anal-
ysis of drugs and metabolites [ 19-23], environmentally relevant
substances [24], food additives [25-27], chiral separations [28],
as well as bivanalytical separations [29-31].

On the other hand, there are also some disadvantages of
monolithic columns to be mentioned. They concern relatively
high price, short list of different commercially distributed sor-
bents or worse peak shapes at higher flow rate.

The aim of this work was the development and validation of
a novel, routine, fast, inexpensive and selective method for the
determination of retinol and alpha-tocopherol in serum using a
DAD with an isocratic elution. The present method was used
to monitor of both vitamins A and E in serum and lipoprotein
fractions of elderly patients with breast cancer before and during
treatment with aromatase inhibitors.

2. Experimental
2.1, Chemicals and reagenis

Retinol and DL-g-tocopherol were obtained from Fluka
(Sigma Aldrich, Prague, Czech Republic). Tocopherol Set of

a-, B-. - and S-tocopherol was purchased from Calblochem
(Merck, Darmstadt, Germany). Following standards were used:

vitamins A/E by HPLC Control Set from Bio-Rad (Bio-Rad
Laboratories, Munich, Germany) and the ClinChek-Control
lyophilised human serum kit for HPLC analysis of vitaming A
and E from Recipe (Recipe Chemicals + Instruments Labortech-
nik, Munich, Germany). HPLC-grade methanol and n-hexane
for the preparation of standard solutions were obtained from
Merck (Merck, Darmstadt, Germany). Ethanol denatured with
3% methanol for deproteinisation procedure was obtained from
Lachema (Brno, Czech Republic). Distilled methanol of p.a.
purity for HPLC mobile phase was supplied by Penta (Prague,
Czech Republic). Helium 4.6 and nitrogen 6.0 were purchased
from Linde (Prague, Czech Republic).

2.2, Chromatograply

The analyses were performed using the Perkin Elmer HPLC
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 Tur-
bochrom Chromatography Workstation version 4.1. Separation
of retinol and alpha-tocopherol were performed using the Chro-
molith Performance RP-18e, 100 mm = 4.6 mm monolithic col-
umn (Merck, Darmstadt, Germany). As the mobile phase 100%
methanol was used at the flow rate of 2.5mlmin™" and col-
umn pressure 3.3 MPa (480 psi). The block heater LC Oven 101
(Perkin Elmer, Norwalk, USA) was utilised to keep the ana-
Iytical column temperature at 25 °C. The injection volume was
50 pl. The DAD detection of retinol and alpha-tocopherol was
carried out at 325 and 295 nm, respectively. The total time of
analysis was 1.8 min.

The Pecosphere C18, 150 mm x 4.6 mm, 5 pm particle size
reverse phase column (Perkin Elmer, Norwalk, USA) was used
at the flow rate of 1.5mImin~! and column pressure 6.5 MPa
(950 psi). The injection volume was 100l and the total time
of analysis was 8 min. The other conditions and instrumental
equipment were equivalent with the method using monolithic
column.

2.3. Preparation of standards and samples

Stock solutions of retinol and tocopherol (a-, B-, v-, 8-)
standards were prepared as follows: 1 mmol 1= retinol solu-
tion was prepared by dissolving in methanol. Tocopherol stan-
dards were firstly dissolved in n-hexane (1 mmol 1=! and then
diluted by methanol to get 0.5 mmol 1! stock solutions. These
retinol and tocopherol standard solutions were stored at —235
and 4 °C, respectively. For the calibration, working solutions of
both standards were diluted by methanol in volumetric flasks in
the concentration range: 0.25—10.00 wmol1=!, for retinal and
0.5-50.0 wmol1=" for alpha-tocopherol. The calibration was
accomplished at six concentration levels. The stability of stock
and working solutions was 6 months.

The protocol was approved by the institutional ethical com-
mittee, and all patients signed an informed consent. Blood sam-
ples were drawn from the peripheral vein after twelve hours
overnight fast. The samples were then centrifuged (1600 x g,
10min, 16°C) and serum was separated. In the hquid-liquid
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extraction (LLE) procedure, 300 pl of serum was deproteinized
by cool ethanol denatured with 5% methanol (500 pl, 5 min,
4°C). Then 2500 pl of n-hexane was added to this mixture
and extracted for Smin by a vortex apparatus. After centrifuga-
tion (1600 x g, 10min, 0°C), the aliquot (2000 1) of the clean
extract was separated and evaporated under nitrogen (60°C).
The residue was dissolved in 400 pl methanol and analysed by
reversed-phase HPLC using the external standard calibration.

3. Results and discussion
3.1, Method validation

In order to validate the developed method, precision, accu-
racy, recovery, linearity and detection and quantitation limits
were evaluated.

For the determination of the precision of the method, ten sam-
ples prepared individually from one lyophilised human serum
of one concentration level were analysed. The method preci-
sion expressed by repeatability of peak area and retention time
was determined as the relative standard deviation (R.5.D.) cal-
culated from the obtained data. Table | comprises R.S.D. values
of retinol and alpha-tocopherol, respectively.

The accuracy of the method was tested by using the Bio-Rad
control set and the ClinChek-Control kit. The values obtained
were always in acceptable range (Table 2). The recovery was
determined by performing of three measurements of the serum
pool spiked with 0.5 and 1.0 wmol I=! of retinol and 5.0 and
10.0 wmol 1=! of alpha-tocopherol using both columns (Tahle 1).

Table 1
Validation parameters of retinol and e-tocopherol

269

Linearity was measured in six concentration levels in the
range of 0.25-10.00 and 0.5-10.0 pmoll~" for retinol and
0.5-50.0 and 5.0-50.0 pmol 1! for alpha-tocopherol, using the
monolithic and particulate columns. Each solution was injected
three times. Table 1 shows the regression equations and cor-
relation coefficients calculated-based data obtained. For the
quantitation, the external standard method was used instead of
using retinol acetate and tocopherol acetate as internal standards
because of possible contamination of patients’ serum by these
compounds. (These vitamins were administered to patients in
forms of their acetates).

The limit of detection (LOD) was defined as the compound
concentration that produced a signal-to-noise ratio greater than
three and the limit of quantification (LOQ)) was evaluated as the
concentration equal to 10 times the value of the signal-to-noise
ratio (Table 1).

The separation of a-tocopherol together with -, y- and
S-tocopherols proves satisfactory selectivity of both methods
(Fig. 1). The overlap of B- and 4-tocopherol peaks is not of
practical significance because of very low concentration of B-
tocopherol in human serum.

3.2. Comparison of columns

Validation values of monolithic and particulate column were
sumilar, but some parameters e.g. retention times, backpressure
on columns and consumption of mobile phase, differed.

Using the monolithic column, retention times of retinol and
alpha-tocopherol were 0.8 and 1.4 min, respectively and the total

Vitamin A iretinol)

Vitamin E {a-tocopheral )

Chromaolith Performance RP-18¢  Pecosphere C-18 Chromolith Performance RP-18¢  Pecosphere C-18
Repeatability-area (R.S.D. %) 5.58 4.51 5.93 091
Repeatability-retention time (R.5.D. %)  0.10 0.08 0.37 0,29
Accuracy (% recovery)® 985 91.2 1003 103.0
Accuracy (R.S.D. %) 598 324 206 168
Accuracy (% recovery)? 100.0 92.5 103.3 09.7
Accuracy (R.S.D. )0 6.93 2.20 232 1.52
Calibration range {pmol l_J] 0.25-10.00 0.5-10.0 0.5=-5000 5.0-50.0
Equation ¥=362030+531.38 y=194 681 +22699  y=59 |65r+625.92 v=11913x—897.13
Correlation coefficient® R =0.9999 R =0.9992 R =0.9997 R?=0.9994
LOD (umol1=1) 0.02 0.02 0.1 0.1
LOQ (umal1=1) 0.07 0.07 0.3 03

1 A serum pool spiked with 0.5 wmel 1=! of retinol and 5.0 wmol 1=} of e-tocopherol, spike volume was 5 pl.
" A serum pool spiked with 1.0 wmol 17! of retinol and 10.0 wmol I of a-tacopheral, spike volume was 5 ul.

© Linearity was measured in six concentration levels.

Table 2
Test of the method accuracy using the particulate column and monolithic column

Pecosphere C-18

Chromolith Performance RP-18e

Bio-Rad control set level 19

ClinChek-control kit level I®

Bio-Rad control set level 19 ClinChek-control kit level I®

0.42/0.38-0.73
6.94/6.04-10.68

Vitamin A (retinol) 320/2.32-3.48

Vitamin E {e-tocopherol )

2246/19.04-28.33

0.41/0.38-0.73
TA6/6.04-10.68

305/2.32-343
22.79/19.04-28.33

* Measured value/acceptable range (pmol 171).
® Measured value/control range (pmel 1=},
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Fig. 2. An example of chromatogram of patient serum using the Chromolith Performance EP-18e monolithic column. Concentrations of retinel and e-tocopherol

are 3.15 and 28.25 pmol 1™, respectively.

analysis time was 1.8 min, which is four times less than using
the particulate column, with the total analysis time of 8 min. By
performing analyses of a large number of samples the implemen-
tation of monolithic column reduced the consumption of mobile
phase approximately 2.5 times, although the Chromolith column
flow rate was higher than the Pecosphere one. Also the compari-
son between backpressure and column life showed a difference.
The backpressure of a new Pecosphere particulate column was
around 1000 psi and after analyses of a large amount of human
serum samples the column pressure increased up to 2000 psi
and more. In this case, longer retention times of both vitamins
and less distinet peak shapes were observed. On the other hand,
the initial backpressure of a new Chromolith monolithic column
was approximately 480 psi and after 1000 injections of biolog-
ical material the value increased up to 900 psi: no changes of
retention times or peak shapes were seen.

3.3 Application af method

Complications of atherosclerosis and cancer are the most
frequent causes of death in developed countries. Antitumor

Table 3
An example of retinol and a-tocopherol concentrations in patient serum and
lipoprotein fractions

Chromolith Performance RP-18e

Pecosphere C-18

Retinol a-Tocopherol Retinol - Tocopherol
(pmol1=Y  (umol 14 (wmol 7Yy (mol 171y
Serum  3.15 28.25 2.82 2844
VLDL 0.11 8.90 0.11 7.39
LDL 035 15.40 0.33 16.21
HDL  1.16 5.96 1.03 568
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therapy may also affect progression of atherosclerosis. In con-
trast to tamoxifen, which is known to decrease blood choles-
terol, the third generation aromatase inhibitors are known to
increase blood cholesterol levels, possibly increasing the risk of
atherosclerosis. In addition many cytotoxic drugs also induce
oxidative stress and potentially increase the risk of atheroscle-
T0sis.

The method evaluated in the present study was utilised for the
assessment of oxidative stress through monitoring of vitamins A
and E concentrations in human serum and lipoprotein fractions.
The method was a part of a complex biochemical analysis of
blood samples collected from elderly patients with breast cancer
before and during the treatment with aromatase inhibitors.

Some examples of the application of this method in the ¢lin-
ical practice are shown in Table 3 and Figs. 2-5. (Comparison
of particulate and monolithic column).

4. Conclusion

In this study, a new fast and simple HPLC method for selec-
tive and sensitive determination of retinol and alpha-tocopherol
in human serum using monolithic column for clinical monitoring
was developed and validated. The method utilizing monolithic
column was compared with determination using standard par-
ticulate column.

This method will allow analysis of a large number of samples
in clinical studies at relatively low cost, resulting in better under-
standing of the metabolism of these micronutrients in common
disorders like cancer or atherosclerosis.
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1 Introduction

The remarkable progress achieved during the past dec-
ades in medical therapy of malignant disorders has been
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Development and validation of a liquid
chromatography method for the simultaneous
determination of a-tocopherol, retinol and retinyl
esters in human serum using a monolithic column
for the monitoring of anticancer therapy side effects

Among other side effects, administration of anticancer agents is accompanied by
manifestations of gastrointestinal toxicity and disturbances of antioxidant balance.
The monitoring of these toxic effects in clinical practice is impeded by a dearth of
reliable laboratory methods. Therefore, a simple and rapid reversed-phase high-per-
formance liquid chromatography procedure for selective and sensitive determina-
tion of retinol, a-tocopherol, and retinyl esters (retinyl-palmitate and retinyl-stea-
rate) in blood serum has been developed and presented in this study. A Series 200
LC HPLC instrument from Perkin Elmer (Norwalk, USA) with diedearray detector
[DAD) was used for the analysis. Separations of retinol, a-tocopherol, retinyl-pal-
mitate, and retinyl-stearate were performed using a Chromolith Performance RP-
18e, 100 x 4.6 mm monolithic column from Merck (Darmstadt, Germany). Gradient
elution was used at a flow rate of 3 mL/min; the mobile phase was methanol-water
[95:5, v/v) for 0-2.1 min and methanol-2-propanol (60:40, v/v) for 2.1-4.9 min. The
total time of analysis was 6 min. The injection volume was 20 pl and the analysis
was performed at ambient temperature. Detection of retinol, u-tocopherol, and reti-
nyl esters was carried out at 325, 295, and 330 nm, respectively. For practical assess-
ment of the method, the vitamin A absorption test was performed on seven healthy
controls as well as on six patients with non-small cell lung carcinoma or head and
neck carcinoma previously treated by chemotherapy andfor radiotherapy, six
patients with rectal carcinoma before chemoradiotherapy, four patients with
gastrointestinal stromal tumor (GIST) before treatment with imatinib, and a breast
cancer patient with chemotherapy-induced diarrhea. Present data demonstrate the
feasibility of large scale HPLC determination of vitamin E, vitamin A, and retinyl
esters in human serum using a silica monoelithic column, and this method may
represent a valuable aid in the laboratory monitoring of the toxicity of anticancer
therapy.
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at the price of significant toxicity that accompanies can-
cer treatment. The myriad different side effects of phar-
macological agents used for cancer therapy include man-
ifestations of gastrointestinal toxicity and disorders of
antioxidant balance.
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Although gastreintestinal toxicity represents one of the
most common side effects of administration of cytotoxic
agents, the assessment of gastrointestinal toxicity still
relies mostly on anamnestic data. There is an obvious
need for laboratory methods for objective assessment of
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such gastrointestinal toxicity. Previous studies have
demonstrated that the measurementofintestinal perme-
ability may be used for detection and monitoring of the
gastrointestinal toxicity of cytotoxic agents [1]. However,
there are several factors limiting the use of intestinal per-
meability measurements in the assessment of gastroin-
testinal toxicity, and laboratory tests based on different
principles are needed.

Vitamin A is absorbed in the small intestine [2]. The
resulting marked rise in serum retinyl esters may be
used for assessment of the function of the small bowel [3,
4.

Vitamin E represents a major antioxidant in serum [5, 6].
Administration of cytotoxic agents and, to a lesser
extent, bielogical agents, may be associated with antioxi-
dant stress. Disorders of antioxidant balance involving
vitamin E may also be involved in the toxicity associated
with radiotherapy [7] or chemotherapy [8].

In the present report we describe the development and
validation of an HPLC method for determination of vita
min E, vitamin A, and retinyl esters in human serum
using a silica monolithic column for the monitoring of
side effects of anticancer therapy.

2 Experimental

2.1 Chemicals and reagents

All-trans-retinel and Dl-u-tocopherol were obtained from
Huka (Prague, Czech Republic). Retinyl-acetate, retinyl-
propionate, and retinyl-palmitate were purchased from
Sigma-Aldrich (Prague, Czech Republic). Retinyl-stearate
was synthesized at the Department of Pharmaceutical
Chemistry and Drug Control, Faculty of Pharmacy in Hra-
dec Krdlové, using the moedified method described by
Huang and Goodman [9]. Slovakofarma vitamin A cap-
sules (30 000 IU) from Zentiva (Hlohovec, Slovakia) were
administrated to patients during vitamin A absorption
tests.

Vitamin AE by HPLC Control Set from Bio-Rad (Bio-Rad
Laboratories, Munich, Germany) and the ClinChek-Con-
trol lyophilized human serum kit for HPLC analysis of
vitamins Aand E from Recipe (Recipe Chemicals + Instru-
ments Labortechnik, Munich, Germany) were used for
the validation process. HPLCgrade methanol and n-hex-
ane for the preparation of standard solutions were
obtained from Merck (Darmstadt, Germany). Ethanol
denatured with 5% methanel for the deproteinisation
procedure was obtained from Lachema (Brno. Czech
Republic). Methanol and toluene of pa. purity for the
HPLC mobile phase were supplied by Penta (Prague,
Czech Republic). HPLC gradient Z-propanol was obtained
from Scharlau Chemie (Sentmenat, Spain). Helium 4.6
was purchased from Linde (Prague, Czech Republic).

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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2.2 Chromatography

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-
kin Elmer Turbochrom Chromatography Workstation
version 4.1. Separation of retinol, e-tocopherol, retinyl-
palmitate, and retinyl-stearate was performed using a
Chromolith Performance RP-18e, 100 x 4.6 mm mono-
lithic column Merck (Darmstadt, Germany). Gradient
elution was used ata flow rate of 3 mlL/min; mobile phase
methanolwater (95 :5, v/v) for 0-2.1 min and methanol-
Z-propanol (60:40, vjv) for 2.1-4.9 min. The total time of
analysis was 6.0 min.

Ablock heater LC Oven 101 (Perkin Elmer, Norwalk, USA)
was ufilized to keep the analytical column temperature
at 25°C. The injection volume was 20 pl. The DAD detec-
tion of retinol, a-tocopherol, retinyl-palmitate, and reti-
nyl-stearate was carried out at 325, 295, and 330 nm,
respectively.

2.3 Preparation of standards and samples

2.3.1 Standard solutions

Stock solutions of retinol and afocopherol standards
were prepared as follows: a 500 pmol/L retinol solution
was prepared by dissolution in methanol; e-tocopherol
standard was dissolved in n-hexane to prepare a solution
of concentration 2000 pmol/L. The stock solutions of reti-
nyl esters (2000 nmol/L) were prepared by dissolution in
n-hexane. The stock solutions of retinol and retinyl esters
were stored at —25°C. The stock solution of e-tocopherol
standard was stored at 4°C.

For the calibration, working solutions of stock standards
were diluted with methanol in volumetric flasks in the
concentration ranges: 0.10-10.00 umollL for retinol;
0.5-50.0 nmol/L for w-tocopherol; 0.5-40.0 umol(L for
retinylpalmitate; and 0.5-20.0 umol/L for retinylstea
rate. The calibration was accomplished at six concentra-
tion levels. The stability of stock and working solutions
of retinol and v-tocopherol was six months. The stability
of stock and working solutions of retinyl esters was one
month.

2.3.2 Vitamin A absorption test

For practical assessment of the method, the vitamin A
absorption test was performed. Blood samples were
drawn from the peripheral vein after a twelve-hour over-
night fast and they were marked as sample one. These
samples were centrifuged (1600= g, 10 min, 16°C) and
the serum was separated and stored at -85°C. Then, asin-
gle oral dose of vitamin A (360000 IU) was administered
to patients. The second blood sample was collected five
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Table 1. Systemn suitability test.

HFLC monitoring of anticancer therapy side effects 2487

Theoretical plates (M) Height equivalent of theoretical Tailing Resolution
plate (HETP) {mm) factor

Retinol 3771 26.52 L.16 7.456
w-Tocopherol 2372 42.15 1.16 8.639
Retinylpalmitate 60814 1.64 1.06 3.380
Retinylstearate 73202 1.37 1.25 -
Table 2. Intra-day precision of the methed.
n=10 Mean of area (unit) =5D RSD (%) Mean of retention time (min) RSD (%)
Retinol 15821.25=836.7 5.29 0.68 =0.010 0.73
a-Tocopherol 13 899.25=929.1 b.68 2.18 =0.041 1.92
Retinylpalmitate 56057.99 = 4539.4 .10 448 =0.014 0.33
Retinylstearate 19783.511117.5 3.65 4,76 =0.014 0.32

hours after administration of vitamin A and processed
by the same procedure.

The institutional ethical committee approved the proto-
col of this study and all patients signed an informed con-
sent to participate in the study.

2.3.3 Sample preparation

In the liguiddiquid extraction (LLE) procedure, 2500 pL
of n-hexanetoluene (8:2, v/v) mixture was added to
500 ul. of serum and extraction performed for 5 min
with shaking. The mixture was deproteinized by cool
ethanol denatured with 5% methanol (500 L, 5 min,
4°C)and extracted for 5 min by the same apparatus. After
centrifugation (1600 =g, 10min, 0°C), an aliquot
(2000 uL) of the clear extract was taken. Another 2000 uL
of n-hexane-toluene (8:2, v/v) mixture was added to the
rest of the serum sample to repeat the extraction process.
The collected clear extract was evaporated down in a
vacuum concentrator. Then the residue was dissolved in
100 ul of n-hexane and 300 pl of methanel and finally
20 ul of the sample was injected onto the chromato-
graphic column (The residues obtained after evaporation
can be stored at —-25°C and these samples are stable for
three weeks under these conditions.)

3 Resulis
3.1 Method validation

Method validation was performed according to the Eu-
ropean Pharmacopoeia [10] and the International Confer-
ence on Harmenization (ICH) guidelines Q2A and Q2B
[11. 12] consisting of two parts: System Suitability Test
(S5T) and Validation parameters.

3.1.1 System suitability test

Within the system suitability test (S5T), some chosen
parameters describing the separation properties of the

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

chromatographic system were determined. Table 1 sum-
marizes the calculated values of the number of theoreti-
cal plates, height equivalent of a theoretical plate (HETP),
tailing factor, and resolution.

3.1.2 Validation parameters
3.1.2.1 Precision

For the determination of method precision, ten samples
prepared individually from one lyophilized human
serum at a single concentration level were analyzed. The
method precision expressed by repeatability of peak area
and retention time was determined as the relative stan-
dard deviation (RSD) calculated from the obtained data.
Table 2 lists the RSD values of retinol, a-tocopherol, reti-
nylpalmitate, and retinylstearate.

3.1.2.2 Accuracy

The accuracy of the method was tested as recovery.
which was determined by performing three measure
ments at three concentration levels. The serum pool was
spiked with 05pmol/l. and 1.0pumolll of retinol.
5.0 umol/L and 10.0 pmol (L of atocopherol, 10.0 pmol/L,
5.0umol/l. and 10.0 pmolL of retinyl-palmitate, and
5.0 pmol/L, 2.5 pmol(L, and 5.0 pmol/L of retinyl-stearate.
The mean recovery (n=3) was determined. All data are
presented inTables 3,4,and 5.

3.1.2.3 Linearity

The linearity of the calibration curves was determined
using the LINREGRE program developed at the Depart-
ment of Biophysics and Physical Chemistry at the Faculty
of Pharmacy, Charles University, at six concentration
levels in the range of 0.1-10.0 pmol/L for retinol, 0.5-
50.0 pmol/L fore-tocopherol, 0.5-40.0 pmol/L for retinyl-
palmitate, and 0.5-20.0 umol/L for retinyl-stearate. Each
solution was injected into the column three times. The
regression equations and correlation coefficients calcu-
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Table 3. Recovery — Level 1.

J. Sep. Sci. 2006, 29, 24852483

Table 7. LOD and LOQ.

n=3 ColnmolfL) apmolfL) Ri(%) LOD {umol/L) LOGQ (umol|L)
Retinol 0.95 0.82 83.7 Retinol 0.04 0.08
wTocopherol 14.40 13.87 96.3 wTocopherol 0.50 1.10
Retinyl-palmitate 10.00 9.70 97.0 Retinyl-palmitate 9.40%) n.oz
Retinyl-stearate 5.00 4.50 90.0 Retinyl-stearate 0.05 0.10

o — expected (calculated) concentration, ¢ — real concentra-
tion {measured value). Ri= 100 - ¢jca

Table 4. Recovery — Level 2.

n=3 Cplumol/L) g{umolfL) Eil%)
Retinol 0.50 0.48 96.0
aTooo pherol 5.00 4.50 90.0
Retinyl-palmitate  15.00 15.60 104.0
Retinyl-stearate 7.50 11.06 88.5

& — expected (calculated) concentration, o — real concentra-
tion (measured value). B;j= 100 - ¢jc,

Table 5. Recovery — Level 3.

n=3 Cplumol/L) g{umolfL) Eil%)
Retinol 1.00 0.96 96.0
aTooo pherol 5.00 4.39 87.8
Retinyl-palmitate  20.00 19.26 96.3
Retinyl-stearate 10.00 10.06 100.6

& — expected (calculated) concentration, o — real concentra-
tion (measured value).

lated on the basis of data obtained for retinol. e-toco-
pherol, and retinyl esters are shown in Table 6.

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{o-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 7).

3.1.2.5 Selectivity

For quantitation, the external standard method was
applied instead of using retinyl-acetate or retinylpropio-

Table 6. Linearity.

# nmol/L.

nate as internal standard, as is commonly done, because
of possible contamination of patients' serum by these
compounds. Vitamin A was administered to patients in
the form of its acetate during the vitamin A absorption
test. The good selectivity of this method for retinyl-ace-
tate and retinyl-propionate and other compounds is
documented in Fig. 1 and Table 1 together with the reso-
lution values.

3.1.2.6 Stability

The stability of stock and working standard solutions of
retinol, a-tocopherol, retinyl-palmitate, and retinyl-stea-
rate was tested at room temperature, 4°C, and -25°C.
The best stabilities were recorded at -25°C, i.e, six
months for retinel and one month for retinyl esters. The
stock and working solutions of a-tocopherol were stable
forsix months at4°C.

3.1.2.7 Application of method

For practical assessment of the method, the vitamin A
absorption test was performed on seven healthy controls
as well as on six patients with non-small cell lung carci-
noma or head and neck carcinoma previously treated by
chemotherapy andjor radiotherapy, six patients with rec-
tal carcinoma before chemoradiotherapy, four patients
with gastrointestinal stromal tumor (GIST) before treat-
ment with imatinib, and a breast cancer patient with
chemotherapy-induced diarrhea.

Serum concentrations of retinol, of retinyl esters before
and after the vitamin A absorption test. and of o-toco-
pherol are shown in Table 8. Only a small increase in
serum retinol was observed after oral administration of
vitamin A. In contrast, the concentrations of retinyl
esters rose markedly from pre-test concentrations that
were often around the limits of detection. The increase

Equation Correlation coefficient R Residual deviation Ses Reliability (%)
Retinol ¥=18341x+ 738.52 0.9997 174 99.9
a-Tocopherol v =1280x+ 429.36 0.9995 339 99.9
Retinyl-palmitate ¥ =6340x + 468.9 0.9995 2210 99.9
Retinyl-stearate y="5565x—- 716 0.9993 482 99.9

© 2006 WILEY-VCH VerlagGmbH & Co. KGaA, Weinheim
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Figure 1. Selectivity of retinol, retinyl-acetate, retinyl-propionate, e-tocopherol, retinyl-palmitate and retinyl-stearate standards

Table 8. Clinical study.

Healthy controls
ln=7)

Head and neck cancer
patients and non-small
cell lung cancer patients
before gefitinib therapy
(n=1)

Metastatic GIST
(n=4)

Rectal carcinoma pa-
tients before therapy
ln=17)

Retinol pre-test
(umol/L)
Retinylpalmitate
pre-test (umaol/L)
Retinylstearate pre-test
(umol/L)

a-Tocopherol post-test
(umol/L)

Retinol posttest
(umol/L)
Retinylpalmitate
posttest (umol(L)
Retinylstearate post-test
(umol/L)

Retinol increase
(umol/L)

Retinol increase (%)

Retinylpalmitate
increase (umolfL)
Retinylpalmitate
increase(fold)
Retinylstearateincrease
(umol/L)
Retinylstearateincrease
(fold)

2.962=0.708
(1.935-3.864)
0.142=0.176
(0-0.496)
0.277=0.211
(0-0.497)
18.300= 6.824
(9.839- 29 804)
3.485= 1.169
[2.167-5.381)
23.205= 21.068
(2.808-63.231)
10.361= 8.816
[1.503-25.773)
0.523=0.638
(-0.619-1.517)
16.5=19.0
(-21.8-39.3)
23.057= 21.073
(2.725-63.009)
500.8= 695.2
[16.0-1993.5)
10.055= 8.751
(1.011-25.390)
39.4=24.7
(3.1-68.4)

2,107 =0.739
(1.054-3.254)
0.483 =0.567
[0-1.326)
0.198 =0.174
(0-0.406)
13.294 = 8.225
(1.485-26.362)
2,164 =0.8887
[0564-3.150)
4.491 =3.968"
(0-10.905)
2004 =1.938%
(0233~ 5.602)
0.057 =0.342
(—0.490-0.390)
-0.33 =250
(-46.5-23.8)
4,008 =3.869%
(0-10.809)
24,0 = 44,07
(0-113.5)
1.772 =1.886%
(0.133-5.233)
9.0=63%
(1541-15.324)

2.681=1.027
(1.679-4.109)
0.185=0.290
0-0.610]
0.172=0.200
(0-0.364)
13.495 = 3.295
(11.085-18.366)
3.317 = 0.806
(2.261-4.188)
31.491 =29.767
(6.312-67.964)
14.264 =13.241
(2.698-31.013)
0.636=0.476
(0.079-1.242)
28.6=21.3
(19-53.1)
31.297 =29.717
(6,293 -£7.945)
10109 =1715.3
(62.9-3577.1)
14.042 =13.185
(2,600 -30.649)
78.3= 786
(14.3-186.8)

3.229:1.248
(2.032-5779)
0.223 = 0.253
[0-0.670)
0.173 = 0.168
[0-0.390)
18.933 =7.335
(5.311-28.446)
3.625= 1.545
(2.312-6.747)
37.473 =36.706
[4.211-107.593)
15.046 =13.490
[1.900-38.897)
0.396 = 0.673
(-0.523-1.472)
12.8=21.0
(-14.8-51.0)
37.241 =36.707
(4.192-107.574)
969.6 = 2074.6
[24.6-5662.8)
14.830 =13.450
(1.602-38.507)
86.9= 83.8
(6.5-249.9)

A p<0.05 compared to control group and both other cancer patient groups.

L]

€l
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p <0.05 compared to control group and patients with rectal carcinoma.
p=0.05 compared to control group.
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Figure 2. Retinol, retinyl-palmitate and retinyl-stearate before and after administration of vitamin A in a normal subject

was usually several hundred4old for retinyl-palmitate
and several dozen-fold for retinylstearate (the limit of
quantitation was used to calculate the increase in the
case of pre-test concentrations below the limit of quanti-
tation). No differences were observed in post-absorption
retinel and retinyl ester concentrations between the che-
motherapy-naive patients with rectal carcinoma and
GIST and controls. In contrast, compared to controls,
patients with lung, head, and neck carcinomas exam-

© 2008 WILEY-VCH Verlag GmbH & Co. KGaa, Weinheim

ined betfore gefitinib therapy (all of them had been pre-
viously treated by chemotherapy and/or radiotherapy)
had significantly lower concentrations of post-absorp-
tion retinyl esters while lower concentrations of post-
absorption retinol were only of borderline significance.
The retinyl esters, whether studied as post-absorption
concentrations, absolute increase in concentration, or
an increase expressed asa multiple of the original value,
even in the present limited cohort allowed a clear dis-
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Figure 3. Retinol, retinyl-palmitate and retinyl-stearate before and after administration of vitamin A in a breast cancer patient

with chemotherapy-induced diarrhea

tinction between pretreated patients with lung or head
and neck carcinomas, and other groups. The typical chro-
matograms of retinol, retinyl-palmitate, and retinyl-stea-
rate before and after administration of vitamin A in a
normal subject and a breast cancer patient with che
motherapy-induced diarrhea are shown in Figs. 2 and 3.

4 Discussion

Currently, many different methods are available for the
determination ofretinol, a-tocopherol, and retinyl esters

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

in biological samples [13 -20]. Most of these procedures
are expensive in terms of time and resources and the uti-
lization of monolithic columns might thus be advanta-
geous [21]. Although a number of studies have been pub-
lished on the preparation, testing, and physical and chro-
matographic properties of monoliths [22-27], the num-
ber of articles dealing specifically with applications of
monelithic columns in clinical practice is still relatively
low despite a marked increase in the last three years [28].
These recent publications mostly cover analysis of drugs
and metabolites [29-33], environmentally relevant sub-
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stances [34], food additives [35-37], chiral separations
[38]. as well as bioanalytical separations [39-41]. In order
to determine the abowve-mentioned micronutrients in
biological material, a new, fast, and simple HPLC method
using a monolithic column for clinical monitoring was
developed and validated.

The determination of vitamin E, vitamin A, and retinyl
esters may represent a valuable method for monitoring
the toxicity of anticancer therapy. Present data indicate
that the determination of retinyl esters (retinyl-palmi-
tate and retinyl-stearate) may represent a sensitive tool
to detect small bowel dysfunction associated with anti-
cancer therapy. Moreover, the administration of vita-
min E has been shown to alleviate some side effects of
radiotherapy [7] or chemotherapy [8]. Serum vitamin E is
not being routinely measured in cancer patients, but
serial monitoring of vitamin E levels may be a prerequi-
site for any therapeutic use of this antioxidant vitamin.
In routine monitoring, large numbers of samples need to
be processed and a major advantage of the present
methed is the simultaneous determination of etoco-
pherol, retinol, retinyl-palmitate, and retinyl-stearate in
a relatively short time. The present method may there
fore find use in large prospective studies evaluating the
toxicity of currently used anticancer drugs or in monitor-
ing the toxicity of a new agent.

Laboratory tests evaluating the intestinal toxicity of cyto-
toxic agents and the effect of interventions aimed at alle-
viating these side effects are urgently needed in medical
practice. Intestinal permeability measurements may
sometimes be associated with logistical problems, and
may be impossible to perform or to interpret in some
patients. Vitamin A absorption may represent an alterna
tive to intestinal permeability measurement. Although
vitamin A absorption has been used to monitor gastroin-
testinal disorders associated with malabsorption [3], this
method has so far not been used to investigate gastroin-
testinal side effects of anticancer therapy. Present data
indicate that the determination of retinyl-palmitate and|
or retinylstearate represents a potentially useful test to
detect gastrointestinal toxicity of chemotherapy. Pro-
spective longitudinal studies should evaluate the urility
of this method in monitoring the gastrointestinal toxi-
city of anticancer agents.

This work was supported by the Ministry of Health of the Czech
Republic Project No NR/8048-3, Research Project MZ0 00179906
and by the Ministry of Education of the Czech Republic, Project
MSM 0021620822,
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URINARY NEOPTERIN IN PATIENTS WITH LIVER TUMORS

Bohuslav Melichar'?, Dagmar Solichova®, Iveta Svobodova®, Lubor Urbidnek?®, Pavel Vesely',

and Karolina Melicharova®

‘Department of Oncology and Radiatherapy, “Department of Medicine, “Depariment of Gerontology and Metabolic Care, Charles University

Medical School Teaching Hospital, Hradee Krdlové, Czech Republic

Aims and round: Ptimary and secondary liver tumors are
associated with poor prognosis. Neopterin is an indicator of
systemic immune activation, and increased neopterin concen-
trations have been associated with poor prognosis in a wide
range of malignant tumors.

Methods: Urinary neopterin was determined by hl?lh-perfor-
mance liquid chromatography in 154 patients with primary
and secondary liver tumors. The survival of different groups
of patients was compared by log-rank test, and Cox regres-
sion was used for multivariate analysis.

Results: Urinary neopterin was significantly increased in patients
compared to controls. A statistically significant correlation was
observed between urinary neopterin and age of the patients, he-
maglobin concentration, mean erythrocyte volume and periph-
eral blood leukocyte or platelet count. In univariate analysis, uri-

Key words: liver, metastases, neopterin.

Introductlon

The liver is the most common site of metastatic dis-
ease. The prognosis of patients with liver metastases is
poor, and, with the exception of brain metastases, usual-
ly worse than the prognosis of patients with metastatic
involvement of other organs'. Liver resection offers the
only chance of cure, but even in patients undergoing
radical resection for liver metastases the long-term cure
rate is well below 50%. Liver resection is possible only
in a minority of patients, and in patients treated with
non-surgical therapies including hepatic arterial infu-
sion and systemic chemotherapy, long-term survival is
rare’. The median survival of untreated patients is
around 6 months, but with the advent of effective
chemotherapy, the median survival is now more than 12
months in patients with liver metastases of some types
of primary tumors, notably colorectal carcinoma® and
breast carcinoma®.

In the Western world, primary liver tumors are much
less common than liver metastases. The prognosis of
patients with primary liver cancer is also poor, with me-
dian survival of untreated patients again in the range of
6 months. As in patients with liver metastases, radical
resection is the only curative treatment and is, unfortu-
nately, possible only in a minority of patients.

nary neopterin below 214 Emob’rml creatinine, peripheral blood
leukocytes below 8 x 10%L, hemoglobin equal to or above
125 g/L, no extrahepatic tumor, stage of liver involvement, and
colorectal, breast or ovarian primary were significant prognostic
factors for survival. In multivariate analysis, Bengtsson stage,
presence of extrahepatic involvement, primary of than col-
orectal, breast or ovarian carcinoma, peripheral blood leukocyte
count and urinary neopterin were independent prognostic fac-
tors. Increased urinary neopterin during and at the end of fol-
low-up was also associated with poor prognosis.

Conclusions: Urinary neopterin is increased in patients with liv-
er tumaors. Neopterin is an independent prognostic indicator
in patients with liver tumors alt:.ngI with Bengtsson stage,
Eresence of extrahepatic disease, primary site and peripheral

lood leukocyte count.

Advanced tumors are associated with increased con-
centrations of neopterin in urine or serum, and high
neopterin levels have been associated with poor progno-
sis®. Neopterin is produced by macrophages activated
by interferon gamma and elevated neopterin concentra-
tions have been observed in patients with different pri-
mary tumors®, including primary liver tumors™, but the
information on the prognostic significance of urinary
neopterin in primary and secondary liver tumors is still
limited. Increased neopterin concentrations have also
been reported in patients with benign liver disorders™'?,
In the present study, we evaluated urinary neopterin in
patients with primary and metastatic liver cancer.

Materlal and methods

A retrospective analysis was performed of urinary
neopterin measurements performed between 1998 and
2000 as part of a research project approved by the insti-
tutional ethics committee, in which immune system ac-
tivation in patients with liver tumors was evaluated.
Urine samples were collected from [54 patients, 88
men and 66 women aged 60 = [1 years (range, 26-79
years) with histologically verified malignant liver tu-
mors, treated at the Department of Oncology and Ra-
diotherapy, Charles University Medical School Teach-
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ing Hospital, and 33 healthy controls, 16 men and 17
women aged 49 + 13 years (range, 28-88 vears). One
hundred and twenty-four patients had metastatic liver
tumors (39 patients with isolated liver metastases), and
30 patients had primary liver tumaors (including patients
with biliary tract tumors). Sixty-four patients were
chemotherapy naive and 90 patients had received previ-
ous therapy. One hundred and twenty patients were ex-
amined before the start of the first or subsequent line of
therapy. In all of these 120 patients, the stage of liver
metastases was determined based on imaging studies or
surgical protocols according to the criteria described
earlier'. Briefly, stage 1 was defined as involvement of
less than 25% of the liver parenchyma restricted to one
lobe, stage 2 as involvement of 25% to 75% of the liver
parenchyma, and stage 3 as involvement of more than
T5% of the liver parenchyma.

Morning urine specimens were collected and stored
at -20 °C until analysis (within 3 months of sample col-
lection). Urinary neopterin was measured by high-per-
formance liquid chromatography. Creatinine was deter-
mined by the Jaffé reaction, and the results were ex-
pressed as neopterin/creatinine ratio (pmol/mol creati-
nine) as described earlier'?. Peripheral blood cell count
was performed as described”. Hemoglobin was mea-
sured by a photometric method using sodium lauryl sul-
fate; leukocytes were detected by flow cytometry and
platelets by impedance method uwsing a Sysmex XE-
2100 blood analyzer (Syvsmex, Kobe, Japan).

The survival was measured from the time of sample
collection to death or last follow-up. No patients were
lost to follow-up and the last visit of surviving patients
was in 2005. The survival of patients was analyzed by
the Kaplan-Meier method and survival of different
groups of patients was compared by the log-rank test.
Urinary neopierin concenfrations of patients and con-
trols were compared by the Mann-Whitney U lest,
neopterin before and during the treatment was com-
pared by the Wilcoxon signed rank test, and correla-
tions between urinary neopterin and hematological pa-
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rameters were investigated by Spearman’s rank correla-
tion. Multivariate analysis was performed using the
Cox regression analysis with the results expressed as
hazard ratio (HR). Statistical significance was based on
a P =0.05 significance level. The analyses were per-
formed wsing NCSS 2001 software (Number Cruncher
Statistical Systems, Kaysville, Utah, USA).

Results

Urinary neopterin was significantly increased in
120 patients with liver tumors studied before the start
of therapy compared with 33 controls (186 = 170 vs
110 £ 52 pmol/mol creatinine, Mann-Whitney U test,
P = 0.001). However, when the comparison was re-
stricted to individual primary sites, a statistically signif-
icant difference compared to controls was observed on-
Iy in patients with colorectal carcinoma and cholangio-
carcinoma (Table 1). No statistically significant differ-
ence was observed in urinary neopterin levels between
patients with and without extrahepatic tumor (201 +
174 pmol/mol creatinine vs 164 + 162 pmol/mol creati-
nine) nor between chemotherapy-naive and previously
treated patients (181 + 147 pmol/mol creatinine vs 192
+ 193 umol/mol creatinine). When the patients were di-
vided based on the chemosensitivity of the primary tu-
mor into a group with tumors of higher chemosensitivi-
ty (colorectal, breast and ovarian carcinoma) and a
group with tumors of lower chemosensitivity (other pri-
maries), urinary neopterin was significantly higher
compared to controls in both of these groups.

Urinary neopterin exhibited a weak but statistically
significant correlation with age of the patients, hemo-
globin concentration, mean ervihrocyte volume and pe-
ripheral blood leukocyie or platelet count (Table 2).

The median survival of 120 patients evaluated before
the start of therapy was |1 months. Nine patients were
alive at the time of writing with a follow-up between 67
and 85 months. Survival was significantly longer in pa-
tients with urinary neopterin below 214 pmol/mol crea-

Table 1 - Urinary neopterin (pmol/mol creatinine) in 120 patients with liver metastases of different primaries evaluated before the
ent

start of treatm

Primary Mo. of patients  Mean + standard Range Mo. of patients P {compared Mean + standard
deviation with urinary neopterin to controls) deviation

=214 pmolimal
creatinine (%)

Caolorectal carcinoma &2 190 £ 172 42-1122 17 (2T 0.0009 18T + 180*

Breast carcinoma 10 118 £ 50 44 208 00 NS

Ovarian carcinoma 5 275 + 360 41-930 1 (200 NS

Cholangiocarcinoma 12 175 +94 T0- 361 3(25) 0.016 186+ 153+

Gallbladder carcinoma 4 2182127 83-332 2(500 NS

Hepatocellular carcinoma & 157 + 87 39-240 3500 NS

Adrenal carcinoma 1 - 11000 -

Carcinoid 1 87 - 0(0) -

Gastric carcinoma 4 170 +94 47 - 258 20500 NS

Lung carcinoma 2 126 £77 81-190 040 -

Melanoma & 165 + 120 73- 369 2033) NS

Pancreatic carcinoma 5 134 £ 76 42-224 120 NS

Renal cell carcinoma 1 288 - 1(100) -

Unknown 1 121 040y

NS, not significant; *P «0.01.
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Table 2 - Correlations of urinary necpterin with age and hema-
tological parameters in 120 patients evaluated before the start
of treatment

Variable Mean = standard Correlation P
deviation with uri
neopterin (r,)

(vears) 60+ 11 0.304 0.0007
Leukocytes (1071} G0+32 0.256 0.005
Hemoglobin (g/L) 126+ 17 0221 0,102
Mean erythrocyte

volume (fl) 80+ 8 0.186 0.04
Platelets (10°7/L) 291121 0.176 0.05

tinine (Figure 1), peripheral blood leukocytes below 8 x
10%L, hemoglobin equal or above 125 g/L, patients
without extrahepatic twmor, and patients with colorec-
tal, breast or ovarian primaries (Table 3). Bengtsson
stage was also associated with significant differences in

100 1

60

% Survival

40

20

0 - . “r . ,
0 12 24 36 48 60

Time (months)

Figure 1 - Survival of patients with urinary neopterin <214 pmol/mol cre-
atinine (bold line) and 2214 pmolfmol creatinine (dashed line).

Table 3 - Univariate analysis of prognostic indicators

B MELICHAR, D SOLICHOVA, I SVOBODOVA ET AL

survival. On multivariate analysis, Bengtsson stage,
presence of extrahepatic involvement, primary other
than colorectal, breast or ovarian carcinoma, peripheral
blood leukocyte count below 8 x 10°L, and urinary
neopterin below 214 pmol/mol creatinine were inde-
pendent prognostic factors (Table 4).

Urinary neopterin exhibited a consistent, marked and
statistically significant increase after interleukin-2-
based immunotherapy in 7 patients (332 + 303 vs 830 =
331 pmol/mol creatinine, P = 0.02). In contrast, no sig-
nificant change was observed after 5-fluorouracil-based
chemotherapy administered systemically (n = 16) or as
hepatic arterial infusion (n = 10; data not shown). Uri-
nary neopterin also predicted survival when measured
during the course of therapy. In 99 patients, 2 and more
{mean 6 £ 5, median 5) urinary neopterin measure-
ments were available during a mean follow-up of 6 £ 5
(median 4) months. Mean urinary neopterin was signif-
icantly higher in the last compared to the first measure-
ment (215 + 176 vs 181 + 238 pmol/mol creatinine,
P = 0.001). The patients with a final neopterin value be-
low 214 pmol/mol creatinine had a significantly better

Table 4 - Multivariate analysis of prognostic indicators

Parameter Hazard 95% confidence P
ratio interval

Bengtsson stage 1 0.48 0.29-0.79 0,004

(yes vsno)

Bengtsson stage 3 035 0.19 - 064 0.0008

(no vs yes)

Extrahepatic tumor 0.54 036 - 081 0,003

(no vs yes)

Primary other 1.75 1.17 - 262 0.006

than colorectal, breast or

OVarian carcinoma

(yes vs no)

Leukocyles 0.56 037 -0.85 0.006

(< vs 28 x 10%L)

Urinary neopterin 0.59 0.38 - 052 0.02

(< vs 2214 pmol/mol

creatinine)

Parameter Cutoff for survival analysis Median survival (months) P {log-rank test)
Urinary neopterin <214 pmolfmol creatinine (n = 87) 13vsh 0.002
p mol creatining) vs 2214 pmol/mol creatinine (n = 33)
Leukocytes {10%L) <8 x 10%L {n = 52) vs 28 x 10%L (n = 68) l6vs 6 0.002
Hemoglabin (g/L) <125 wLin=51)vr2125 gL (n=69) Bur 12 0.009
Mean erythrocyte volume (fl) <B4 fl (n = 30) vs = 84 £l (n = 90) Qs 1l 0.16
Platelets (107/L) <270 x 10¥L{n="58) vs =270 x 10%L (n = 62) 11vs 10 0.10
Extrahepatic tumor no(n=47)vs yes (n=73) 18vs8 0.006
Bengtsson stage é EE = %g% ﬁ 0.0004
Iin=14) 5
Primary group 1# (n=T7) vy 2%* (n = 43) lavs & 0.04
Age (years) <65 years (n = 73) vs 265 vears (n =47) 12vs8 0.59
Sex female (n = 47) vs male in=73) 10vs1l 0.46
Previous therapy ves (n=156) vino (n=64) 13vs10 0.73

*Colorectal, breast or ovarian carcinoma; **primaries other than colorectal, breast or ovarian carcinoma.
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prognosis {median survival 9 vs 4 months, P = 0.002).
When the earliest other measurement (excluding mea-
surements after cvtokine therapy) was evaluated in 80
of the 120 patients studied before the start of therapy as
well as in 34 additional patients studied during treat-
ment, urinary neopterin below 214 pmol/mol creatinine
was again predictive of longer survival (median 16 vs 7
months, P = 0.0006).

Dlscusslon

In the present study, significantly increased urinary
neopterin concentrations were observed in the whole
group of patients with liver tumors compared to con-
trols. This observation is not unexpected, as elevated
urinary or serum neopterin concentrations have been re-
ported in patients with hepatocellular carcinoma® as
well as in patients with tumors metastasizing to the
liver’. Because of the overlap of urinary neoplerin con-
centrations observed in patients with a normal range of
urinary neopterin values, urinary neopterin determina-
tion may not be helpful in the diagnosis of tumor or dis-
tant (in this case liver) metastases, but the present data
confirm that systemic immune activation, reflected by
increased neopterin concentrations, is an independent
indicator of poor prognosis in cancer patients®. In-
creased serum neopterin concentrations were also asso-
ciated with shorter survival in patients with hepatic cir-
rhosis!®.

When individual primary sites were distinguished,
significantly increased urinary neopterin concentrations
were observed only in patients with colorectal carcino-
ma and cholangiocarcinoma, but the numbers of pa-
tients with other primaries were too small to allow com-
parison. The increased urinary neopterin in patients
with colorectal carcinoma liver metastasis found in the
present study confirms our earlier report®. Little is
known about neopterin in patients with cholangiocarci-
noma. In the one study published so far, increased uri-
nary neopterin was observed in 8 of 9 patients with bil-
iary tract carcinoma'®, and the present data are in agree-
ment with this report.

Other independent prognostic factors in the present
study included Bengtsson stage of liver metastases,
presence of extrahepatic tumor, site of the primary, and
peripheral blood leukocyte count. The staging system of
liver metastases was originally established by Bengls-
son ef al. in patients with hepatic metastases of colorec-
tal carcinoma'!. Three distinct categories may be distin-
guished based on the extent of hepatic involvement by
the metastatic tumor. The Bengtsson classification of
liver metastases is similar to the staging of primary liver
tumors, and to allow comparisons among patients with
primary and secondary liver tumors, the Bengtsson
classification was used in the present study for primary
liver tumors as well. Significant differences were ob-
served in univariate as well as multivariate analysis for
all 3 stages of liver metastases. The present data indi-
cate that this system might be applicable also to liver
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tumors other than metastases of colorectal carcinoma.
However, about a half of the patients in the present
study had colorectal carcinomas and the prognostic sig-
nificance of the Bengtsson classification should be as-
sessed in a separate study in patients with non-colorec-
tal primaries.

The presence of extrahepatic tumor was also an inde-
pendent prognostic indicator, in agreement with earlier
reports on patients with liver metastases of colorectal
carcinoma'™'” or breast carcinoma*'®. It is evident from
the present data that the site of the primary is another
independent prognostic indicator. The liver metastases
of chemosensitive primary tumors (breast, ovarian and
colorectal carcinoma) were associated with a better
prognosis. However, patients with non-colorectal pri-
maries were underrepresented in the present study, and
the prognosis of liver metastases of individual primary
tumors should be assessed in a larger population. It is
possible that multiple prognostic groups based on pri-
mary tumor site may be identified in patients with liver
tumors, but in the present study the limited number of
patients with non-colorectal primaries allowed only the
distinction into two groups.

Besides neopterin, the only laboratory parameter
shown to be an independent prognostic indicator was
peripheral blood leukocyte count. This is in agreement
with previous reports. For example, peripheral blood
leukocyte or neutrophil counts were shown to be of
prognostic significance in patients with advanced col-
orectal carcinoma (mostly with liver metastases)'**".
The results of the present study indicate that a prognos-
tic system of liver tumors in which factors based on pri-
mary, extent of hepatic involvement and presence of ex-
trahepatic tumor along with parameters indicative of
host response {peripheral blood leukocyte count and
neopterin) may help to stratify patients for therapeutic
decisions. Future studies in a larger cohort with a larger
number of patients with non-colorectal primaries should
address the feasibility of such a prognostic system.

A significant correlation has been observed between
urinary neopterin and the age of the patients. This ob-
servation is supported by our earlier study demonstrat-
ing increased concentrations and prognostic signifi-
cance of urinary neopterin in elderly subjects'®. The
mechanism behind the association of increased
neopterin concentrations with aging is still not fully
clarified®’. It may be related to the age-dependent in-
crease in the incidence of some common chronic disor-
ders associated with immune activation (including in-
creased neopterin production), i.e., atherosclerosis'?,
which may be unrecognized in individual patients at the
time of evaluation. In addition, there is evidence of im-
mune dysregulation at mu]li!)]e levels in older persons
linked to immune activation™. This dysregulation of the
immune system is reflected, among other parameters,
by increased production of neopterin. The present data
demonstrate that the relationship between neopterin and
age is found not only in apparently healthy subjects but
also in patients with cancer-'.
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A weak but statistically significant correlation has been
observed between urinary neopterin and hemoglobin,
mean erythrocyte volume, and peripheral blood leuko-
cyte or platelet count. Decreased hemoglobin concentra-
tions in anemia of chronic disease in cancer patients re-
sult from the alterations of iron metabolism associated
with acute phase response and direct inhibition of
hematopoietic progenitors by cytokines responsible for
systemic inflammatory and immune response, i.e., inter-
feron gamma or tumor necrosis factor alpha™. A negative
correlation between serum neopterin concentrations and
hemoglobin has been previously observed in patients
with hematological and gynecological malignancies™®,
and the present data extend the association between sys-
lemic immune response and anemia to patients with pri-
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Abstract

Urinary neopterin, an indicator of systemic immune activation, is increased in most patients with epithelial ovar-
ian carcinoma (EOQC) and 1s an independent prognostic indicator. The data on prognostic significance of neopterin
in EOC have been collected before the advent of paclitaxel that has changed the management and natural histo-
1v of the disease. In the present study, we have evaluated the prognostic significance of urinary neopterin in 49
patients with primary and secondary ovarian neoplasms treated in the late 1990s and in 2000s. Urinary neopterin
was measured by high-performance liquid chromatography. Compared to controls, urinary neopterin was signi-
ficantly increased in patients with both primary ovarian cancer and ovarian metastases of other tumors (341 +
343, and 328 £ 277 vs. 133 £ 40 pmol/mol creatimine; p <0.001). Sertous toxicity of chemotherapy was observed
in 8§ out of 12 (67%) patients with urinary neopterin equal or above 338 umol/mol creatinine (mean of all patients)
compared to 2 of 19 (11%) of patients with unnary neopterin below 338 umol/meol creatinine (Fisher exact test,
p = 0.001). No sigmificant changes were observed in unnary neopterin concentrations during the treatment with
paclitaxel/platinum. A significant correlation was observed between urinary neopterin and percentage of xylose
absorbed (1, = -0.58. p = 0.03). and positive correlations were observed between unnary neeptenin and lactu-
lose/mannitol (r, = 0.63. p = 0.02). lactulose/xylose (1, = 0.79. p = 0.0007) and sucrose/xylose (r,= 0.60, p=0.02)
ratios. Survival was significantly longer 1in patients with urnary neopterin below 338 umol/mol creatinine in the
whole group of 49 patients with ovarian cancer, in 36 patients with primary ovanan cancer as well as in 13
patients in ovaran metastases of other pnmary tumors. A significant difference in survival was also observed
when 37 pretreated patients or 24 pretreated EOC patients were evaluated (p = 0.05). In conclusion, neopterin
remains a significant prognostic indicator 1 patients with recurrent ovarian cancer in the era of newer chemother-
apeutic agents. Increased urinary neopterin was associated with chemotherapy toxicity.

Key words:
Introduction

Epithelial ovarian carcinoma (EOC) represents the
leading cause of mortality for gynecological cancer
(1). The high mortality rate of EQC reflects the diffi-
culty in early diagnosis. Despite aggressive surgery
and chemotherapy, most patients with advanced dis-
ease will ultimately relapse and die. On the other hand,
the survival of EOC patients has improved substantial-
Iy over the recent decades. Combination of platinum
derivatives (cisplatin or carboplatin) with paclitaxel
currently represents the standard front line regimen for
patients with advanced disease after demonstration of

eprthelial ovarian carcinoma, metastasis, neopterin, ovary, prognosis

superior survival in randomized clinical trials (2, 3},
and new therapeutic options have emerged 1n patients
with recurrent disease.

Neopterin 1s an unconjugated pteridine synthesized
from guanosine triphosphate (4). Human monocytes-
derived macrophages produce significant quantities of
neopterin when stimulated with interferon-y (5). and
measurement of neopterin concentrations is used for
the assessment of macrophage activation. Similarly to
tumors of other primary locations, increased urinary
and serum neopterin concentrations have been reported
in patients with gynecological cancers, including EQC,
cervical carcinoma. endemetrial carcinoma. uterine
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sarcomas, and vulvar carcinoma, but, in general, not in
women with benign neoplasms or precancerous disor-
ders (6). The ovaries are also site of metastatic spread
from tumors of other sites. mostly gastrointestinal and
breast carcinomas (7). The prevalence of increased
urinary neopterin concentrations 1s high 1 EOC (Table
1). but substantially lower percentages of patients with
breast (8), colorectal (%), or gastric (10) carcinomas
and urinary neopterin concentrations above normal
have been reported (Table 2).

As 15 the case in many tumors of other primary loca-
tions, it has been demonstrated that increased urinary
neopterin i1s a negative prognostic factor in patients
with EQOC (11, 12). However, the studies on prognos-
tic significance were performed before the advent of
paclitaxel The natural history of EOC has changed in
recent decades as a consequence of increased efficacy
of first line treatment as well as of availability of other
therapeutic options in patients with recurrent disease.
Because of increased patient survival, metastases in
hitherto rare locations, eg brain, have become
increasingly common (13). Most patients ultimately
present with recurrent disease, but less is known about
the prognostic significance of unnary neopterin in this
group of patients (14) The effect of paclitaxel/plat-
inum chemotherapy on urinary neopterin was also
examined i selected patients. We also addressed the
question whether measurement of urinary neopterin
could be helpful in distinguishing primary and second-
ary ovarian neoplasms. Correlation between urinary
neopterin and laboratory parameters of intestinal per-
meability was also studied.

Material and Methods

Patients

The present study was a retrospective analysis of
urinary neopterin measurements collected i 49
patients, aged 57 + 13 (range 26 - 81) vears with ovar-
1an cancer treated at the Charles University Medical
School Teaching Hospital. Thirty-six patients had pri-
mary ovarian cancer, among them 32 patients had
epithelial ovarian carcinoma (EOC) and 4 patients had
other primary ovarian tumors (3 patients with granu-
losa cell tumor and 1 patient with ovarian stromal sar-
coma), and 13 patients had metastatic ovarian cancer:
colorectal carcinoma 8 patients, gallbladder carcinoma
2 patients, gastric carcinoma, breast carcinoma, and
mucinous peritoneal cystadenocarcinoma (pseudomy-
xoma peritonei) one patient each. In addition to ovari-
an primary, 9 EOC patients had a history of other pri-
mary cancers (breast carcinoma 7 patients, pancreatic
carcinoma and gastrointestinal stromal tumor one

PteridinesVol. 17/ No. 4

patient each). Twelve patients were chemotherapy-
naive and 37 patients had been previously treated with
chemotherapy. Sixteen apparently healthy women,
aged 52 = 9 (range 37 - 75) vears, were included as
controls.

Urinary neopterin determination

Morning urine specimens were collected and stored
at -20°C until analysis. Urinary neopterin was meas-
ured by high-performance ligqmid chromatography.
Briefly, after centrifugation (5 minutes, 1300 g) and
diluting 100 pl of urine specimens with 1.0 ml of
mobile phase contamning 2 g of disodium-EDTA per
liter, samples were injected onto a column, and
neopterin was determined using high performance lig-
wid chromatography systems LC1084A (Hewlett-
Packard, Palo Alto, USA) with HP 79850 A integrator
{(Hewlett-Packard) or Prominence LC20 (Shimadzu,
Kyoto, Japan) as described (15) Weopterin was iden-
tified by its native fluorescence (353 nm excitation,
438 nm emission) and quantified by external standard
method. Creatinine was determined by Jaffé reaction
after dilution of the sample 1:50 (v/v) on a Hitachi 716
analyser (Tokyo. Japan) using a commercial kit
{Boehringer, Mannheim, Germany) according the
manufacturer's instructions, and neopterin concentra-
tions were expressed as neopterin/creatinine ratio
{umol/mol creatinine).

Measurement of infestinal permeability

In 14 patients evaluated before the start of therapy,
mtestinal permeability was studied by measunng ur-
nary sucrose, lactulose, D-xylose and manmtol after
oral challenge (16). Brefly, after an overnight fast, a
pretest urine sample was collected to detect any
endogenous mannitol and the patients ingested 100 ml
of the test solution contaming 2 g of manmitol, 2 g of
xvlose, 10 g of lactulose, and 25 g of sucrose 1n water.
The patients then continued fasting for 2 hours, and
urine was collected for 5 hours. Lactulose, xylose,
sucrose and mannitol were determined by capillary gas
chromatography, and urinary excretion was expressed
as percentage of the mngested dose as well as the ratio
of lactulose/mannitol, sucrose/mannitol, lactulose/xy-
lose and sucrose/xylose.

Statistical analysis

Urinary neopterin concentrations of patients and
controls were compared by Mann-Whitney U test,
neopterin before and during therapy was compared by
Wilcoxon signed rank test, and correlations were
mvestigated by Spearman's rank correlation. The pro-
portions of patients with or without complications
were compared by Fisher exact test. The survival was
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measured from the time of sample collection to death
or last follow-up. No patients were lost to follow-up,
and the last visit of surviving patients was during 2006.
The survival of patients was analyzed by the Kaplan-
Meter method, and survival of different groups of
patients was compared by log-rank test. The decision
on statistical significance was based on p = 0.05 sig-
nificance level. The analyses were performed using
NCSS 2001 software (Number Cruncher Statistical
Systems, Kaysville, Utah, USA).

Results

Compared to controls, urinary neopterin was signif-
icantly increased in patients with ovarian cancer (mean
+ standard deviation: 338 + 324, range 41 - 1980, vs.
133 + 40, range 80 - 229 pmol/mol creatinine, p <
0.0001; Figure 1). No statistically significant differ-

well as i ovarian metastases of other primaries (p <
0.002). Urinary neopterin concentrations above 213
pmol/mel creatinine (mean + 2 standard deviations of
controls) were observed 1n 22 (61%) of patients with
primary ovarian cancer and 6 (46%) of patients with
ovarian metastases, and the difference in frequency of
increased neopterin concentrations was not statistical-
ly significant. Among patients with primary ovarian
cancer, no statistically significant difference was noted
between 32 patients with EOC and 4 patients with
other prumary ovanan tumors (307 £ 203, range 41 -
930, vs. 613 £ 913, range 119 - 1980 umol/mol creati-
mne; Figure 2), and in EQC patients between patients
with (n = 9) or without (n = 23) other primary tmmors
(336 + 144, range 175 - 604, vs. 296 + 224, range 41 -
930 umol/meol creatinine).

In 31 patients, urnnary neopterin was evaluated
before the start of the first or subsequent line of
chemotherapy (paclitaxel/platinum combination 22
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Fgure 1. Dot plot of urinary neopterin measurements in controls (1), all patients with ovarian cancer (2),
chemotherapy-naive patients (3), pretreated patients (4), patients with primary ovanan cancer (5) and patients
with ovarian metastases of other primary tumors (6); horizontal lines indicate mean values.

ence was observed between 12 chemotherapy-naive
patients and 37 pretreated patients (270 + 171, range
41 - 614 vs. 360 +359_ range 41 - 1980 pmol/mol cre-
atinine). Urinary neopterin concentrations were similar
in 36 patients with primary ovarian cancer compared to
13 patients with ovarian metastases of other fumors
(341 + 343 range 41 - 1980, vs. 328 + 277 range 41 -
1110 pmol/mol creatinine), and compared to controls,
urinary neopterin was significantly increased both in
patients with primary ovarian cancer (p < 0.0002) as

patients, other regimens 9 patients). Among these 31
patients, 10 patients experienced serious (grade 3 or
greater) toxicity during the first 6 weeks of therapy
(leukopenia or nevtropenia 4 patients. nausea or vom-
tting 3 patients, and early death 3 patients). Mean pre-
treatment urinary neopterin was significantly higher in
patients who experienced serious toxicity compared to
other patients (494 + 246 range 259 - 1110, vs. 235+
193, range 41 - 930 pmol/mol creatinine, p < 0.001).
Serious toxicity was observed in 8 out of 12 (67%)

PteridinesVol. 17/ No. 4
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Fgure 2. Dot plot of uninary neopterin measurements in patients with EQC (1), other primary ovarian tumeors (2),
patients with EOC and a second malignancy (3) and patients with EOC and no history of other malignancy (4);

horizontal lines indicate mean values.
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Fignre 3. Correlation between urinary neopterm and
lactulose/xylose ratio (r, = 0.79, p < 0.001).

patients with urinary neopterin equal or above 338
umol/'mol creatinine (mean of all patients) compared
to 2 of 19 (11%) of patients with urinary neopterin
below 338 pmeol/mol creatinine (Fisher exact test, p =
0.001). Twenty patients were evaluated before and dur-
g the therapy with paclitaxel/platinum combination
chemotherapy. Compared to pretreatment neopterin
(268 £ 197, range 41 - 930 pmol/mol creatinine), no
significant changes were observed in urinary neopterin
concentrations one week after the first dose (330 +
260, range 97 - 1127 umel/mol creatinine). at the end
of first or second cycle (314 + 302, range 106 - 1393
wmol/mol creatinine), or at two subsequent visits 57 +

PteridinesVol. 17/No. 4
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22 days and 86 + 35 days after the start of therapy (200
+ 164, range 48 - 665, and 187 + 89, range 55 - 311
Umol‘'mol creatimine).

In 14 patients in whom intestinal permeability and
urinary neopterin were determined simultaneously,
significant negative correlation was observed between
urinary neopterin and percentage of xylose absorbed
(r. = -0.58, p = 0.03), and positive correlations were
observed  between  unnary neopterin  and
lactulose/mannitol ratio (r, = 0.63. p = 0.02). lactu-
lose/xylose ratio (r, = 0.79, p < 0.001: Figure 3) and
sucrose/xylose ratio (r, = 0.60, p = 0.02). The correla-
tion between neopterin and sucrose/mannitol ratio was
of borderline significance (r, = 0.52, p = 0.06).

Survival was significantly longer in patients with
urinary neopterin below 338 umol/mol creatinine in
the whole group of 49 patients with ovarian cancer
(median survival 31 vs. 11 months, p = 0.003). in 36
patients with primary ovarian cancer (median 58 vs. 11
months, p = 0.02; Figure 4) as well as in 13 patients in
ovarian metastases of other primary tumors (median
27 vs. 8 months, p = 0.05, Figure 5). A significant dif-
ference 1n survival was also observed when only 37
pretreated patients (median 31 vs. 11 months, p =0.01)
or 24 pretreated EOC patients (median 58 wvs. 20
months, p = 0.05) were evaluated. The trend of longer
survival of untreated patients with urinary neopterin
below 338 umol/mol creatinine was of borderline sig-
nificance (median 54 vs. 29 months, p = 0.09). In con-
trast, the difference in survival between primary and
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Fignre 4. Survival of patients with primary ovarian cancer and vrinary neopterin below 338 pmol/mol creatinine
(black line) and equal or above 338 pmol/mol creatinine (light line; p = 0.02; log-rank test).
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Figure 5. Survival of patients with secondary ovanan cancer and urinary neopterin below 338 umol/mol creat:-
nine (black line) and equal or above 338 umol/mol creatinine (light line; p = 0.05; log-rank test).

metastatic ovaran tumors was not statistically signifi-
cant (median 29 vs. 18 months, p = 0.34).

Discussion

The observation of increased unnary neopterin in
patients with ovanan cancer in the present study 1s 1n
agreement with previous reports. Urinary or serum
neopterin has been mvestigated in patients with gyne-
cological malignancies in a number of studies (6), and

neopterin was found to be increased in a substantial
percentage of patients with ovarian, cervical, endome-
trial and wvulvar carcinomas. and in uterine sarcomas.
Neopterin concentrations were, in general, reported to
be within normal limits in patients with benign tumors
or precancerous disorders (17). Increased neopterin
concentrations were limited to patients with active dis-
ease, and normal neopterin levels were reported in
patients without evidence of disease activity (18-22).
Most of these studies included, partly or exclusive-
ly. patients with ovanian cancer. predominantly EQC

Pteridines/Vol. 17 No. 4
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Table 1. Neopterin concentrations in patients with ovanan cancer i different series (EQC = epathelial ovarian

carcinoma)
number o of patients
samples
reference diagnosis of with elevated
studied
patients neopterin
(24) ovarian cancer 8 urine 88
(17 OVATIan Cancer 15 urine 93
(25) ovarian cancer 16 urine 88
(18) OVArian cancer 10 urine 70
(21} OVArIan cancer 39 urine 57
(20) EOC 11 Serum 27
(11} EOC 68 urine 50
(23) EOC 47 serum 66
(12} ovarian cancer (mostly EOC) 29 Serum 38
present primary ovarian cancer (mostly
36 urine 61
series EOC)
present
tumors metastatic to the ovary 13 urine 46
series

(Table 1). In EOC, higher neopterin was associated
with advanced stage (12, 14). Other studies have
shown that increased neoptenin 1s associated with mnfe-
rior survival (11, 12, 14) and increased nisk of pro-
gression (23). Increased urinary neopterin was associ-
ated with the presence of disease at second look sur-
gery (14). and urinary neopterin concentrations at the
time of second-look surgery were predictive of sur-
vival. Increased neopterin concentrations were associ-
ated with poor prognosis in patients with no or mini-
mal residual disease at second look surgery, but not 1
patients with macroscopic tumors (22). An associa-
tion has been detected between the course of the dis-
ease and neopterin levels. Neopterin concentrations
decreased after successful therapy, but increased dur-

Ptenidines/Vol. 17/ No. 4

ing disease progression and were elevated before death
(14, 17. 24, 25).

In addition to what has already been reported on uri-
nary neopterin in ovanan cancer, we have found that
urinary neopterin is also mcreased in ovarian metas-
tases of other primary tumors. The percentage of
patients with increased urinary neopterin reported in
EOC seems to be substantially higher than in many
tumors of other locations (Table 2). We therefore ong-
mally hypothesized that unnary neopterin could be
helpful 1 distinguishing primary and secondary ovar-
an tumors. However, the means of urninary neopterin
concentrations in primary and secondary ovarian
tumors were similar, and the percentages of patients
with increased neopterin concentrations were not sig-
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Table 2. Frequency of increased urninary neopterin in tumors that metastasize to the ovary

reference primary number of patients | % of patients with elevated neopterin
(9) coloractal 72 24
(10) stomach 14 29
(10) gallbladder 9 36
(10) pancreas 13 48
(8) breast 78 17

mficantly different. Ovarian metastases are not uncom-
mon, especially in patients with gastromtestinal carci-
nomas (7), but the prognosis of patients with metasta-
tic ovarian cancer seems to be worse than in primary
ovarian tumors (26, 27). In the present cohort, a rela-
tively high proportion of EQC patients had a history of
other primary (mostly breast carcinoma), but urinary
neopterin was not different between EQC patients with
or without a second primary neoplasm. The difference
in survival between primary and metastatic ovarian
tumors 1n the present study was not significant, proba-
bly because of the limited size of the cohort, but prog-
nostic significance of increased urinary neopterin con-
centrations could be demonstrated even in a relatively
small group of patients with ovarian metastases of
other primary tumors. Present data also demonstrated
that urinary neopterin is a significant prognostic factor
1 pretreated patients (mostly with recurrent disease).
Previous studies on prognostic significance of
neopterin in EOC were performed mostly during
1980s m chemotherapy-naive patients, before the
advent of taxanes. topotecan, or gemeitabine, and pres-
ent data indicate that neopterin remains a significant
prognostic mdicator i patients with recurrent disease
treated with newer generation of therapeutic agents.
An increase in neopterin production has been docu-
mented after systemic administration of different
cvtokines (6). Both paclitaxel and cisplatin have been
shown to activate macrophages i wvitro (28, 29).
Recently, we have reported an increase in urinary
neopterin 1n breast cancer patients treated with the
combination of paclitaxel and doxorubicin (8).
However, in the present study we did not observe an
increase in urinary neopterin after paclitaxel/platinum
chemotherapy. Unnary neopterin was mcreased in the
majority of patients. Reduction of the tumor burden
resulted in lower neopterin in patients with increased

baseline neopterin concentrations, as has been reported
earlier (25), and this decrease nught offset any
increase induced by activation of macrophages by
paclitaxel or platinum. On the other hand, increased
urnary neopterin was associated with substantially
higher risk of the toxicity of chemotherapy. This obser-
vation could be explained by the alterations of the
metabolism of cytotoxic drugs that accompany sys-
temic inflammatory response (30). In an earlier study,
we have observed higher pretreatment neopterin con-
centrations in colorectal carcinoma patients treated
with irinotecan who subsequently experienced toxicity
(9). and the data from the present study corroborate
these results.

In earlier studies. correlations were observed in
ovarian cancer patients between neopterin and other
indicators of inflammatory or immune activation. e g.
erythrocyte sedimentation rate (14), concentrations of
soluble interleukin-2 receptor (11), or varnants of sol-
uble CD44 molecule (31). In the present study, a cor-
relation was observed between urnnary neoptenn and
alterations of intestinal permeability. An association
between systemic immune activation, reflected in
mncreased neopterin concentrations, and disturbances
of laboratory parameters of intestinal permeability has
been reported i human immunodeficiency virus infec-
tion (32), and the present study extends this phenom-
enon to cancer patients. Laboratory parameters of
wntestinal permeability (e.g. lactulose/mannitol ratio)
are increased i chemotherapy-naive cancer patients
(33, 34). and increase further during therapy (33). The
mncrease of mntestinal permeabality could be caused by
malnutrition (36). Low serum albumin, an important
laboratory marker of malnutrition, results from sys-
temic inflammatory response, and., sumlarly to
increased neopterin, low serum albumin was shovwn to
represent an indicator of poor prognosis in EOC (37,

PteridinesVol. 17/No. 4
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38).

We conclude that, in agreement with earlier studies,
increased urinary neopterin is found in patients with
ovarian cancer, both primary ovarian cancer and ovar-
1an metastases of other tumors. Increased urinary
neopterin was associated with treatment toxicity and
was predictive of poor prognosis, but no significant
change of neoptenin concentrations was observed dur-
ing the therapy with paclitaxel/platinum combination.
A correlation has been observed between urinary
neopterin and parameters of intestinal permeability.
Neopterin remains a significant prognostic indicator in
patients with recurrent ovarian cancer in the era of
newer chemotherapeutic agents.
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Abstract

Increased urinary neopterin has been associated with advanced disease and poor prognosis in patients with col-
orectal carcinoma, but less 1s known about urinary neopterin in other gastrointestinal tumors. We have mvesti-
gated unnary neopterin in 53 patients with carcinomas of the upper gastrointestinal tract, pancreas and biliary
tract. Compared to controls, urinary neoptenin was increased in patients with gastric carcinoma, pancreatic carci-
noma, cholangiocarcinoma and gallbladder carcinoma. Uninary neopterin was a significant prognoestic indicator
of survival i univanate as well as multrvanate analyses. No significant change in urinary neoptenin concentra-
tions was observed during the short follow-up, but increased urinary neopterin concentration at the end of follow-
up was associated with poor prognosis. In conclusion, significantly increased urinary neopterin concentrations
were observed in the present cohort of patients. Urinary neopterin is an independent prognostic indicator in

patients with carcinomas of the upper gastrointestinal tract, biliary tree and pancreas.

Key words:
Introduction

Malignant tumoers are known to elicit host response
mediated by both adaptive and innate immune sys-
tems. Among other laboratory parameters, advanced
tumors are associated with increased concentrations of
neopterin in the urine or in serum (1, 2). Neopternn 15
produced by macrophages activated by interferon-y
(IFN-y), and elevated neopterin concentrations have
been observed in patients with different primary
tumors, including gastrointestinal carcinomas. Urninary
of serum neopterin concentrations have been studied 1in
patients with colorectal carcinoma (3-5). and increased
urinary neopterin has been associated with advanced
disease (3) or poor prognosis (5). Much less is known
about neopterin concentrations in patients with gas-
trointestinal tumors other than colorectal carcinoma
(8).

Gasfric carcinoma, pancreatic carcinoma and biliary
tract carcinomas (gallbladder carcinoma and cholan-
giocarcinoma) occur in Europe with sigmificantly
lower frequency compared with colorectal carcinoma

gallbladder carcinoma, gastric carcinoma. cholangiocarcinoma, neopterin, pancreatic carcinoma

(7). Compared to colorectal carcinoma, the prognosis
of these tumors 15 poor, and most patients die of the
disease within one or two vears of diagnosis. In the
present study, we have evaluated the unnary neoptenn
in patients with esophageal, gastric, pancreatic and bil-
120y CArcinomas.

Material and Methods

A retrospective analysis was performed of unnary
neopterin measurements collected between 1997 and
2000 as a part of research project, approved by the
mstitutional ethics committee, evaluating immune sys-
tem activation in patients with liver tumors. Moming
urine samples were collected from 53 patients, 30
males and 23 females, aged 57 = 13 (range 26 - 79)
years, with histologically verified carcinomas of the
esophagus, stomach, pancreas, gallbladder or bile
ducts, treated at the Department of Oncology and
Radiotherapy, Charles University Medical School
Teaching Hospital, and 33 healthy controls, 16 males

Correspondence to: Bohuslav Melichar M D, Ph D, Klinika onkologie a radioterapie, Lekarska fakulta Univerzity Karlovy
a Fakultni nemocnice, Budova 23, Sokolska 581, 500 05 Hradec Kralové, Czech Republic
phone: +420-49-5834574; fax: +420-49-3832081; e-mail: melichar@fnhk cz

PteridinesVol. 17No. 1

105



Melichar B. ef al.. Neopterin m upper Gastrointestinal. Biliary and Pancreatic Carcinomas 21

Table 1. Urninary neopterin concentrations (mol/mol creatinine) in patients with cancer and in healthy controls

Patients with | Patients with P
Primary n | Mean+ S.D. Range neopterlrJl =170 neoprem} =214 (vs. controls)
n (%) n (%)

Gallbladder carcinoma | 9 443+ 626 | 83 - 2080 5 (36) 5 (56) 0.002
Cholangiocarcinoma 16 | 168+ 83 70 - 361 53D 4(23) 0.004
Pancreatic carcinoma 13| 2044116 42 - 481 8(62) 6 (46) 0.003
Gastric carcinoma 14 | 201+ 181 47 - 767 6 (43) 429 0.02
Esophageal carcinoma | 1 721 - 1(100) 1(100) -
All patients 33| 2434296 | 42-2080 25047 20(38) 0.00003
Controls i3 110+ 52 34-293 ERE)] 2(6) -

and 17 females, aged 49 £ 13 (range 28 - 88) vears.
Thirty-four patients were chemotherapy-naive, 19
patients had previously received therapy. Twenty-nine
patients had metastatic disease (including liver metas-
tases) at the time of mvestigation.

Urinary neopterin was measured by high-perform-
ance liquid chromatography. Creatinine was deter-
mined by Jaffé reaction, and the results were expressed
as neopterin/creatinine ratio (umol/mol creatinine) as
described earlier (8). Peripheral blood cell count was
performed as described (9). Hemoglobin was meas-
ured by a photometric method using sodium lanryl sul-
fate, leukocytes were detected by flow cytometry and
platelets by impedance method using a Sysmex XE-
2100 blood analyzer (Sysmex, Kobe, Japan).

The survival of patients was analyzed by the
Kaplan-Meier method, and the comparisons of sur-
vival of patients with urinary neopterin < or = 170
pmol/mol creatinine and other survival comparisons

Table 2. Univanate analysis of prognostic mdicators

were performed by log-rank test. The cutoff value of
170 pmol'mol creatinine was selected based on our
previous study (10). The survival was measured from
the date of neopterin determination. Uninary neopterin
concentrations of patients and controls were compared
by Mann-Whitney U test, neopterin at the start and at
the end of follow-up was compared by Wilcoxon
signed rank test, and correlations between urinary
neopterin and hematological parameters were investi-
gated by Spearman's rank correlation. Multivanate
analysis was performed usmg the Cox regression
analysis with the results expressed as hazard ratio
(HR). The decision on statistical significance was
based on p = 0.05 significance level. The analyses
were performed using NCSS 2001 software (Number
Cruncher Statistical Systems, Kaysville, Utah, USA).

Parameter Cutoff for ;1_1_1'&'1\':11 Median sm:vn‘al P (log-rank test)
analysis {months) =
Urinary neopterin < 170 (n=28) vs. <
N . _ 12 vs. 5 0.008
(umol/mol creatinine) = 170 (n=25) ve2
) Y < 8 (n=21) vs. _
Leukoeytes (10°/1) -8 (=32 11vs 6 0.06
i . <125 (n=33) vs. o
Hemoglobin (g/1) > 125 (1=20) Gvs. 13 0.03
Mean erythrocyte < 84 (n=13) vs. .
volume (fl) = 84 (n=40) 4vs. 8 0.10
) 9, < 270 (n=23) vs. o -
Platelets (10°/1) > 270 (n=30) 10 vs. 7 0.13
Previous therapy ves (=19) vs. 7ve T 068
no (n=34)
ie =74 1
Distant metastases no (1 _42 Vs, 11 vs 6 0.05
ves (n=29)
Primary non-biliary (n=28) .
vs. biliary (n=25) Fvs 11 0.03
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Figure 1. Survival of patients with urinary neopterin
<170 pmol'mol creatinine (bold line) and = 170
umol'mol creatinine (dashed line)

Results

Urinary neopterin was significantly increased com-
pared to controls in the whole patient group as well as
in patients with gallbladder carcinoma. cholangiocarci-
noma, pancreatic carcinoma or gastric carcinoma (Tab.
1). A sigmificant percentage of patients had unnary
neopterin equal or above 170 pumol/mol creatinine and
equal or above 214 pmol/mol creatinine (mean + 2
standard deviations of controls) No statistically signi-
ficant difference was observed in urinary neopterin le-
vels among patients with different primary tumors, in
patients with or without metastases (192 + 145
umol/mol creatinine vs. 305 £ 406 pmeol/mol creatmi-
ne) as well as i chemotherapy-naive patients and pa-
tients previously treated with chemotherapy (194 +
118 pmol/mol creatinine vs. 330 + 463 pmol/mol crea-
tinine). A significant correlation was observed between
urinary neopterin and the age of the patients (r, = 0.44,
p = 0.001) and penipheral blood leukocyte count (1, =
0.27. p = 0.05), but not with hemoglobin, mean ery-

throcyte volume and peripheral blood platelet count.
Median survival of all patients was 7 months (7

months 1n patients with gastric carcinoma, 8 months
pancreatic carcimoma and 11 months in patients with
biliary tract carcinoma). In univariate analysis, urinary
neopterin below 170 pmol/mol creatinine, hemoglobin
concentration, biliary primary and presence of distant
metastases (including liver metastases) were sigmifi-
cant indicators of survival, and peripheral blood leuko-
cyte count was of borderline significance (Table 2). In
multivariate analysis, only urinary neopterin below
170 pmol/mol creatimine (HR 0.39, p = 0.002) and
absence of distant metastases (HR. 0.49, p = 0.02) were
significant indicators of survival.

PteridinesVol. 17 MNo. 1

In 26 patients, urinary neopterin was determiuned on
more than one occasion. The mean (+ standard devia-
tion) number of neopterin measurements was 5 + 3
(range 2 - 16), and mean time between the earliest and
latest measurement was 3.5 £ 3.2 (range 0.1 - 13)
months. No significant change in unnary neoptenn
was observed between the earliest (234 + 285
pmol‘mol creatinine) and latest (214 = 154 pmol/mol
creatinine) measurements. In patients with urinary
neopterin at the time of the latest measurement equal
or above 170 pmol/mol creatinine sigmificantly shorter
survival was observed (median 4 vs. 12 months, p =
0.05). but 1n some patients specimens were collected
during therapy, in others rather shortly before death.

Discussion

In the present study significantly increased unnary
neopterin concentrations were observed, compared to
controls, in the whole group of patients as well as in
patients with gallbladder carcinoma, cholangiocarci-
Noma, Pancreatic CAarcinoma, of gastric Carcinoma.
This observation was not unexpected as elevated uri-
nary of senum neopterin concentrations have been
reported in patients with wide range of tumors (2).
Similarly to other cancers, increased neopterin 1n the
present study was significant indicator of poor progno-
s1s on univariate analysis both at the start and at the
end of follow-up, as well as on the multivanate analy-
sis. Both chemotherapy-naive patients as well as
patients undergoing chemotherapy were included 1n
the present study (with the sample collected before the
next chemotherapy cycle). In another study (Melichar
et al. manuscript in preparation). we have demonstrat-
ed that the chemotherapy regimens used in gastroin-
testinal cancer (usually based on 5-fluorouracil) do not
lead to a significant change in urinary neopterin, we
therefore included i the present analysis also the
patients who have already been treated with
chemotherapy.

Neopterin 15 an unconjugated ptenidine synthesized
from guanosine triphosphate (GTP). GTP is converted
to 7.8-dihydroneopterin by the enzyme GTP cyclohy-
drolase I, and this reaction represents the first step in a
pathway leading to the formation of tetrahydro-
biopterin (1). GTP cyclohydrolase I 1s the rate-limit-
ing enzyme in this pathway, and its activity is induced
by IFN-y (11}, that 1s produced by T-lymphocytes and
natural killer (NK) cells (12). Human macrophages
possess significant GTP cyclohydrolase I activity
when stimulated by IFN-y, while the activities of other
enzymes of this pathway are low (13). leading to the
accumulation of 7.8-dihydroneopterin-triphosphate
which undergoes autooxidation to neopterin.

Among gastrointestinal tumors, neopterin concen-
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trations have been studied most extensively in patients
with colorectal carcinoma. In patients with colorectal
carcinoma neopterin concentrations were associated
with advanced stage (3). poor prognosis (3), and cor-
related with the decrease of serum tryptophan and
decreased quality of life (14). Increased serum or uri-
nary neopterin concentrations have also been reported
in patients with hepatocellular carcinoma (15, 16).
Kawasaki et al. (16) observed mcreased uninary neop-
terin in 18 patients with hepatocellular carcinoma. A
significant correlation was observed between urinary
neopterin and tumor size, and survival was significant-
ly shorter in patients with higher urinary neopterin.

Much less 1s known about the presence and prog-
nostic impact of increased neopterin concentrations in
patients with other gastrointestinal tumors. In pilot
studies, high unnary neopterin concentrations have
been observed in substantial number of patients with
gastric carcinoma and most patients with pancreatic
carcinoma (6). Manes et al. (17) reported markedly
increased serum neopterin in patients with pancreatic
carcinoma. Increased serum neopterin concentrations
were also reported 1n patients with pancreatic carcino-
ma by Birk et al. (18). Contrary to other reporis in
patients with malignant tumors as well as to the pres-
ent report, in the study reported by Birk et al. (18)
higher serum neopterin has been associated with better
prognosis. In another study 1n patients with gastric and
colorectal carcinomas, the urinary neopterin concen-
trations 1 patients with gastric carcinoma were similar
to patients with colorectal carcinoma (19). Even less
is known about neopterin in patients with biliary tract
carcinoma (gallbladder carcinoma and cholangiocarci-
noma). In one report published so far, mcreased un-
nary neopterin has been observed 1 8 out of 9 patients
examined (6). and present data are m agreement with
this report, although the number of patients with
increased urinary neopterin was lower in the present
Series.

Limited number of patients with each primary was
evaluated 1 the present study, and the data were
pooled for survival analysis for all patients. In clinical
studies, patients with gallbladder carcinoma and
cholangiocarcinoma are almost invariably handled
together as a single group and, because of a relatively
low frequency of these tumors, biliary tract carcinomas
are often pooled together with other gastrointestinal
carcinomas. Because of the relatively low incidence,
carcinomas of the biliary tract and pancreas have been
studied together even in prospective clinical trials
(20). This approach may be justified as prognosis and
chemosensitivity of these tumors 1s similar. Moreover,
in some cases it may be difficult to distinguish cholan-
giocarcinoma from pancreatic carcinoma, and the
diagnosis of cholangiocarcinoma relies on the exclu-

sion of a primary tumor elsewhere in the gastromtesti-
nal tract (21), notably in the pancreas or stomach.
Inclusion of patients with upper gastroiwntestinal of
pancreaticobiliary carcinomas in one study may be fur-
ther justified by the fact that the site of the primary
may be determined only after extensive studies, and an
information about prognosis could be helpful at the
start of patient evaluation. However, future studies on
a larger cohort of patients should address the prognos-
tic significance of increased urinary neopterin in
patients with individual primary tumors in this group.

Advanced cancer is often accompanied by anemia
that may be further aggravated by antitumor therapy.
In the majority of cancer patients, the anemia may be
categorized as anemia of chronic disease, character-
1zed by low serum tron, low serum iron binding capac-
ity and high ferritin (22). The decline of hemoglobin
concentrations i anemia of chronic disease results
from the alterations of iron metabolism associated with
acute phase response and direct inhibition of
hematopoietic progenitors by cytokines responsible for
systemic inflammatory and immune response, e.g.
IFN-y or tumor necrosis factor-or (22), and decreased
hemoglobin levels are associated with increased
neopterin concentrations. A negative correlation
between serum neopterin concentrations and hemoglo-
bin has been observed in patients with hematological
and gynecological malignancies (23, 24). In contrast
to observations made in patients with other primary
tumeors, no correlations were observed between hemo-
globin or mean erythrocyte volume, an indicator of
anemia of chronic disease. and urinary neopterin. This
lack of correlation may be explained by the possibility
that anemia 1n these patients may be caused or aggra-
vated by factors other than systemic inflammatory or
immune response, e.g. chronic gastromntestinal blood
loss or, in previously treated patients, by chemothera-
pv. The correlation between urinary neopterin and
peripheral blood leukocyte counts reflects an associa-
tion between different parameters of systemic mnflam-
matory and mmmune response. The sigmficant correla-
tion observed between urinary neopterin and the age of
the patients is i agreement with our earlier study
demonstrating increased concentrations and prognostic
significance of urinary neopterin in the elderly (9).

In conclusion, increased urnary neopterin was
observed 1n patients with gastric carcinoma, pancreat-
1c carcioma, cholangiocarcinoma and gallbladder car-
cinoma. Urinary neopterin is an independent prognos-
tic indicator in patients with carcinomas of the upper
gastrointestinal tract, biliary tree and pancreas.
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Abstract

Increased concentrations of urinary neopterin, an indicator of systemic immune activation, have been reported in
patients with cancer, including epithelial ovarian carcinoma (EOC). We have assessed urinary neopterin before
the treatment and then daily during the therapy with paclitaxel/platinum combination in 5 EQC patients. A cor-
relation was observed between the clinical course and serial urinary neopterin concentrations. We conclude that
the determination of serial urinary neopterin concentrations may be useful for monitoring of EQC patients dur-

ing chemotherapy.

Key words:

Introduction

Urinary and serum concentrations of neopterin, an
indicator of systemic immune activation, are increased
in patients with advanced tumors, including epithelial
ovarian carcinoma (EOC) (1). In patients with EOC,
increased neopterin is an independent prognostic fac-
tor associated with inferior survival (2-4). The progno-
sis of patients with EOC has improved markedly over
the last decades, and the combination of platinum
derivatives (cisplatin or carboplatin) with paclitaxel is
currently the standard front line regimen for patients
with advanced EQC (5, 6).

We have assessed urinary neopterin before the treat-
ment and then daily during the therapy with paclitax-
el/platinum combination in § EQOC patients. We have
observed a correlation between the clinical course and
serial urinary neopterin concentrations that is illustrat-
ed by the case descriptions outlined below.

Method

Urine sample was collected immediately before the
start of therapy (day 0), patients were issued collection
vessels for first morning urine specimens and advised
to keep the samples refrigerated and protected from

epithelial ovarian carcinoma; neopterin; paclitaxel; platinum

daylight. Specimens were collected at scheduled visits
and stored at - 20°C until analysis. After centrifugation
(5 minutes, 1300 g) and diluting 100 pl of urine spec-
imens with 1.0 ml of mobile phase containing 2 g of
disodium-EDTA per liter, samples were injected onto a
column, and neopterin was determined using high per-
formance liquid chromatography systems Prominence
LC20 (Shimadzu, Kyoto, Japan) as described (7).
Neopterin was identified by its native fluorescence
(353 nm excitation, 438 nm emission) and quantified
by external standard method. Creatinine was deter-
mined by Jaffé reaction after dilution of the sample
1:50 on a Hitachi 716 analyser (Tokyo, Japan) using a
commercial kit (Boehringer, Mannheim, Germany)
according the manufacturer's instructions, and
neopterin - concentrations were expressed  as
neopterin/creatinine ratio (umol/mol creatinine).

Serum CA125 was determined by immunoradio-
metric assay using a commercial kit (Immunotech,
Marseille, France) according the manufacturer's
instructions.

Results

Baseline urinary neopterin concentrations were
above the normal range in most (4 out of 5) patients
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studied. Subsequent course of values obtained in daily
neopterin measurements differed in individual patients
and reflected the clinical course.

Patient 1 was a 64-vear-old woman with history of
bilateral breast carcinoma and recurrent EQC. She pre-
sented with second recurrence of EOQC that manifested
as ascites. Tumor cells were identified during cytolog-
ical examination of the ascites. Because of interval
from the last paclitaxel/platinum therapy of more than
& months, the patient was treated with the combination
of paclitaxel (Taxol, Bristol-Myers Squibb, Sermoneta,
Italy; 175 mg/m?) and carboplatin (Cycloplatin, Pliva-
Lachema, Brno, Czech Republic; area under the curve
6) every 3 weeks that resulted in complete disappear-
ance of ascites and normalization of serum CAI25.
Urinary neopterin was measured daily during the ini-
tial two cycles of therapy. Marked peaks of urinary
neopterin were observed in the first week after admin-
istration of each dose of chemotherapy, but initially
increased urinary neopterin concentrations gradually

declined to normal range (Figure 1).
Patient 2 was a 52-vear-old woman with recurrent

EQC and breast carcinoma. EQC recurrent after first
line paclitaxel/carboplatin chemotherapy progressed
on therapy with docetaxel and cisplatin, gemcitabine
and cisplatin, and topotecan. As a treatment of last
resort, the patient was offered therapy with the combi-
nation of cetuximab (Erbitux, Merck, Darmstadt,
Germany; 400 mg/m* loading dose, then 250 mg/m*
weekly), paclitaxel (Taxol; 90 mg/m?* weekly), oxali-
platin { Eloxatin, Sanofi-Aventis, Quetigny, France; 50
mg/m* weekly), and continuous 5-fluorouracil (Ebewe,
Unterach, Austria; 160 mg/m*/day). The therapy was
initially well tolerated, but during the second week of
therapy the patient reported nausea and vomiting that
coincided with a marked peak of urinary neopterin
concentrations. The administration of continuous 3-
fluorouracil infusion was mterrupted on day 11 and
administration of paclitaxel and oxaliplatin was sus-
pended after 3 weekly doses (on days 0, 7 and 14). The
general condition of the patient declined further during
subsequent administration of cetuximab in monothera-
pyv on days 21, 28 and 35. The course of urinary
neopterin concentrations was characterized by marked
fluctuation and a gradual increase during the observa-
tion period. The rise of urinary neopterin reflected the
deterioration of the condition of the patient who was
complaining of weakness, nausea and, in the last week
of observation, pain associated with the tumor growth.
The patient died 13 days after the last measurement
(Figure 2).

Patient 3 was an 8l-year-old woman who came to
the hospital with clinical signs of intestinal obstruc-
tion. Peritoneal carcinomatosis of ovarian origin was
discovered during exploratory laparotomy. Surgical

Pteridines/Vol. 18/MNo. 1

palliation of intestinal obstruction was not possible,
and as a therapy of last resort the patient was treated
with the combination of paclitaxel (Taxol; 90 mg/n)
and carboplatin (Cycloplatin; area under the curve 2)
every week. Only two doses of chemotherapy were
administered (on days 0 and 7). The administration of
therapy was complicated by diarrhea (more than 10
bowel movements/days) that started on day 5. The
diarrhea was first considered to be the result of re-
establishment of bowel transit after previous obstruc-
tion, and second dose of therapy was administered.
The diarrhea continued and was accompanied by arise
of urinary neopterin. Despite supportive therapy, the
pgeneral status of the patient did not improve, and she
died less than 24 hours after the last measurement. A
gradual rise in urinary neopterin concentrations was
observed until the death of the patient (Figure 3).

Patient 4 was a 6Y-yvear-old woman with history of
breast carcinoma and second recurrence of EOC. She
was re-treated with the combination of paclitaxel
(Taxol; 175 mg/m?*) and carboplatin (Cycloplatin; area
under the curve 6). On day 5 the patient complained
about fever and weakness, and therapy with oral
ofloxacin (Ofloxin, Zentiva, Praha, Czech Republic)
was started. Two days later she came for a scheduled
wisit complaining about the deterioration of general
status, anuria and anorexia. A marked rise of serum
creatinine was detected (from 90 to 382 pmol/l). The
patient was admitted, and her condition transiently
improved after infusion therapy. However, on day 9
sepsis with hypotension and multiple organ failure was
evident, and the patient died despite intensive therapy
on day 12. A marked increase in urinary neopterin was
observed after the administration of therapy, preceding
the manifestation of the fatal complication (Figure 4).

Patient 5 was a 48-year-old woman with second
recurrence of EQC that manifested as ascites that was
positive for tumor cells on cytology. Becanse of inter-
val from the last paclitaxel/platinum therapy of more
than 6 months, the patient was treated with the combi-
nation of paclitaxel (Taxol; 175 mg/m?® and carbo-
platin (Cycloplatin; area under the curve 6) every 3
weeks that resulted in regression of ascites. The
administration of the second dose had to be postponed
because of prolonged neutropenia until after the last
measurement. Filgrastim (Neupogen, Amgen,
Thousand Oaks, CA, USA; 480 pg subcutaneously)
was administered on days 10 - 12, resulting in a rise of
urinary neopterin concentrations. Besides this peak,
tfluctuations of neopterin concentrations with peaks of
few days' duration were observed during the first cycle
(Figure 5).
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Figure I. A 64-year-old woman with history of bilateral breast carcinoma and recurrent EOC presented with sec-
ond recurrence of EQC that manifested as ascites. The patient was treated with the combination of paclitaxel (175
mg/m’) and carboplatin (area under the curve 6) every 3 weeks. Urinary neopterin was measured daily during the
initial two cycles of therapy. Marked peaks of urinary neopterin were observed in the first week after adminis-
tration of each dose of chemotherapy on days 0 and 22, but initially increased urinary neopterin concentrations
gradually declined to normal range (from 333 to 156 pmol/mol creatinine). Serum CA125 concentrations
declined during the same period from 2323 to 104 U/ml, and decreased to normal range during subsequent cycles
of therapy. The urinary neopterin concentration of 213 pmol/mol creatinine defined as upper limit of normal in
an earlier study is indicated by a line (4).
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Figure 2. A 52-year-old woman with recurrent EOC and breast carcinoma presented with recurrent EOC that
progressed on therapy with docetaxel and cisplatin, gemcitabine and cisplatin, and topotecan. She was treated
with the combination of cetuximab (400 mg/m? loading dose, then 250 mg/m* weekly), paclitaxel (90 mg/m?
weekly), oxaliplatin (50 mg/m?* weekly), and continuous 5-fluorouracil (160 mg/n/day). The therapy was tolera-
ted well during the first weeks, but during the second week of therapy the patient reported nausea and vomiting
that coincided with a marked peak of urinary neopterin concentrations. The administration of contimous 5-fluo-
rouracil was interrupted on day 11 and administration of paclitaxel and oxaliplatin was suspended after 3 week-
ly doses (on days 0, 7 and 14). The general condition of the patient declined further during subsequent adminis-
tration of cetuximab in monotherapy on days 21, 2% and 35. The course of urinary neopterin concentrations was
characterized by marked fluctuation and a gradual increase during the observation period. The rise of urinary
neopterin reflected the deterioration of the condition of the patient who was complaining of weakness, nausea
and, in the last week of observation, pain associated with the tumor growth. The patient died 13 days after the
last measurement. Serum CA 125 was markedly increased (20 000 U/ml and above) throughout the course of ther-
apy. The upper limit of normal urinary neopterin concentrations is indicated by dashed line.
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Figure 3. An 8l-year-old woman with peritoneal carcinomatosis of ovarian origin that manifested as intestinal
obstruction was treated with the combination of paclitaxel (90 mg/m?) and carboplatin (area under the curve 2)
every week. Two doses of chemotherapy were administered on days (0 and 7. The administration of therapy was
complicated by diarrhea (more than 10 bowel movements/days) that started on day 5. The diarrhea was first con-
sidered to be the result of re-establishment of bowel transit after previous obstruction, and second dose of thera-
py was administered, but the diarrhea continued and was accompanied by a rise of urinary neopterin. Despite sup-
portive therapy, the general status of the patient did not improve, and she died less than 24 hours after the last
measurement. A gradual rise in urinary neopterin concentrations was observed until the death of the patient.
Serum CA125 decreased during the observation from 1158 to 800 U/ml. The upper limit of normal urinary
neopterin concentrations is indicated by dashed line.
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Figure 4. A 69-year-old woman with history of breast carcinoma and second recurrence of EQC was treated with
the combination of paclitaxel (175 mg/m?) and carboplatin (area under the curve 6). On day 5 the patient com-
plained about fever and weakness, and therapy with oral ofloxacin was started. Two days later she came for a
schedule visit complaining about the deterioration of general status, anuria and anorexia. A marked rise of serum
creatinine was detected (from 90 to 382 pmol/1). The patient was admitted and transiently improved after infu-
sion therapy. However, on day 9 sepsis with hyvpotension and multiple organ failure was evident, and the patient
died despite intensive therapy on day 12. A marked increase in urinary neopterin was observed after the admin-
istration of therapy, preceding the manifestation of the fatal complication. The upper limit of normal urinary
neopterin concentrations is indicated by dashed line.

Discussion concentrations in the present study reflected differ-
ences in the disease course during chemotherapy with
Differences in the course of serial urinary neopterin  paclitaxel/platinum combination. EOC is currently the
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Figure 5. A 48-vear-old woman with second recurrence of EOC was treated with the combination of paclitaxel
(175 mg/m*) and carboplatin (area under the curve 6) every 3 weeks that resulted in regression of ascites. The ini-
tial urinary neopterin concentration was within the normal range. The administration of the second dose had to
be postponed because of prolonged neutropenia until after the last measurement. Filgrastim (480 pg subcuta-
neously) was administered on days 10 - 12, resulting in a rise of urinary neopterin concentrations. Besides this
peak, fluctuations of neopterin concentrations with peaks of few days' duration were observed during the first
cycle. Serum CA125 was only mildly increased (128 U/ml) and decreased during the treatment (69 U/ml). The
upper limit of normal urinary neopterin concentrations is indicated by dashed line.

leading cause of mortality for gynecological cancer
(8). The high mortality rate of EOC reflects the diffi-
culty in early diagnosis, and despite aggressive surgery
and chemotherapy, most patients with advanced dis-
ease will ultimately relapse and die. On the other hand,
the survival of patients with EQOC has improved sub-
stantially over the recent decades. Combination of
platinum derivatives (cisplatin or carboplatin) with
paclitaxel currently represents the standard front line
regimen for patients with advanced disease after
demonstration of superior survival in randomized clin-
ical trials (5, 6).

Neopterin is an unconjugated pteridine produced
from guanosine triphosphate (GTP). GTP is converted
to 7,8-dihvdroneopterin triphosphate (which subse-
quently undergoes autooxidation to neopterin) by the
enzyme GTP cyelohydrolase 1, in a reaction that is the
rate-limiting step in the pathway leading to the forma-
tion of tetrahvdrobiopterin (9). The activity of GTP
cyclohvdrolase 1 is induced by interferon-y (IFN-y)
(10}, a evtokine produced by T-lvmphocytes and natu-
ral killer cells. Human macrophages possess signifi-
cant GTP cyelohydrolase I activity when stimulated by
IFN-v, while the activities of other enzymes of this
pathway are low (11), leading to the accumulation of
neopterin. Thus, measurement of neopterin concentra-
tions may be used to assess macrophage activation and
systemic immune activation. In earlier studies of serial
urinary neopterin measurements in EOQC, it has been
reported that neopterin concentrations decrease after

successful therapy and increase during disease pro-
gression. Increased neopterin concentrations were also
observed before death (3, 12-14). However, the inter-
vals between measurements in these studies were
longer (several days or several weeks). Results of daily
measurements of urinary neopterin during therapy
have been reported in a single patient with non-
Hodgkin's lvmphoma (15). In this report, marked fluc-
tuations of daily neopterin concentrations with a trend
of a decrease during therapy were observed. The fluc-
tuations of daily neopterin measurements in the pres-
ent report were less pronounced. This difference may
reflect the difference between biology of non-
Hodgkin's lymphoma, a neoplasm originating from the
cells of the immune system, and EQC, a tumor that
involves cells of the immune system only through sec-
ondary mechanisms. The daily monitoring of urinary
neopterin concentrations used in the present study
allowed an insight into the dynamics of interactions
between the host and neoplasm during chemotherapy.
The course and the outcome of the therapy differed in
the patients presented here, therefore, a formal statisti-
cal analysis of the sequential data would be difficult
and could even be misleading. In general, neopterin
concentrations reflected the disease course, and pro-
gressive disease or complications of therapy were
accompanied by a marked increase in urinary
neopterin. A marked rise of urinary neopterin was
associated with imminent death. In one patient,
increase of urinary neopterin of an order of magnitude
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preceded a fatal sepsis that was clinically evident only
days later.

An increase of neopterin production has been docu-
mented after systemic administration of different
cytokines (1) as well as in breast cancer patients treat-
ed with the combination of paclitaxel and doxorubicin
(16). Moreover, both paclitaxel and cisplatin have been
shown to activate macrophages in vitro (17, 18). In the
present study we observed an increase of urinary
neopterin concentrations after paclitaxel/platinum
administration in some patients. In other patients, a
distinct peak associated with administration of therapy
was absent. Baseline urinary neopterin was increased
above the normal range in all but one patient studied.
Reduction of the tumor burden may result in lower
neopterin as has been reported earlier (14), and this
decrease might compromise any increase induced by
activation of monocytes/macrophages by paclitaxel or
platinum. The absence of a pronounced rise of urinary
neopterin concentration could also indicate a paralysis
of the immune response in patients with advanced can-
cer, or a rise resulting from macrophage activation
induced by paclitaxel or platinum could be masked by
increased neopterin concentrations caused by intercur-
rent conditions, e.g. sepsis.

An important advantage of utilization of neopterin
for monitoring of systemic immune activation is that
neopterin can be measured in urine. Consequently,
samples may be collected repeatedly without the need
for venepuncture, increasing the comfort for the
patient. In addition, when refrigerated, neopterin is sta-
ble in urine for two weeks (19), and neopterin meas-
urement can be used for outpatient monitoring without
the need for repeated office visit. Determination of uri-
nary neopterin in samples collected between the office
visits allows objective assessment of any episode that
is reported by the patient. Not unlike a flight recorder,
the data from serial neopterin measurements could be
useful in safety monitoring, and analysis of serial
neopterin measurements could become an important
tool in the monitoring of patients receiving anticancer
drugs in prospective clinical trials. A retrospective
analysis of daily neopterin concentrations may provide
valuable corroboration of anamnestic data. In hospital-
ized patients, daily neopterin measurements could alert
the physician to complications of therapy. Monitoring
of urinary neopterin concentrations has already been
proven useful in other clinical situation, e.g. in early
detection of transplant rejection (9). Moreover,
increased urinary neopterin may be associated with
higher risk of the toxicity of chemotherapy (4, 20).
This association may be explained by the alterations of
the metabolism of cytotoxic drugs that accompany sys-
temic inflammatory response (21), and in patients with

PteridinesVol. 18/MNo. 1

increased urinary neopterin concentration closer clini-
cal monitoring of the patients may be warranted.

In conclusion, determination of serial urinary
neopterin concentrations may be used for monitoring
of EQC patients during paclitaxel/platinum chemo-
therapy and, possibly, other regimens of chemothera-
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Abstract

Inhibitors of epidermal growth factor receptor (EGFR), including low molecular weight inhibitor erlotinib and
gefitinib, have been demonstrated to be active antitumor agents in patients with non-small cell lung carcinoma
and head and neck carcinomas. Increased concentrations of urinary neopterin, an mndicator of systemic immune
activation, have also been reported in patients with lung carcinoma and head and neck carcinomas. EGFR block-
ade has been reported to induce immune activation. We have measured. using high performance liquid chro-
matography, unnary neopterin in patients with non-small cell lung carcinoma and head and neck carcinomas
treated with gefitinib. Intestinal permeability was also investigated at baseline by measuring, using capillary gas
chromatography, urinary xylose, manmtol and lactulose after oral challenge. Compared to controls, unnary
neopterin was significantly increased in patients with non-small cell lung carcinoma. No significant change in uri-
nary neopterin was observed during the therapy with gefitinib. A significant correlation was observed between
urinary neopterin and xvlose absorption (r, = -0.58, p <0.03), lactulose/mannitol (1, = 0.75, p <0.01), and lactu-
lose/xylose (r, = 0.62. p <0.05) ratios. In conclusion, EGFR bleckade had no effect on systemic immune activa-
tion, evaluated with uninary neopterin. A significant correlation has been observed between unnary neopternin and

parameters of intestinal permeability and absorption.

Key words:
Introduction

Epidermal growth factor receptor (EGFR) plays an
important role i tumor progression, and strategies
aimed at mhibition of EGFR signaling have recently
been introduced into the therapy of solid tumors. Anti-
EGFR agents include monoclonal antibodies and low-
molecular inhibitors, e.g. gefitinib. Encouraging data
have been onigmally reported for gefitinib in the thera-
py of non-small cell lung carcinoma (1, 2} and head
and neck carcinomas (3). The therapy with EGFR
inhibitors is generally well tolerated, but, similarly to
other biological agents, EGFR inhibitors are associat-
ed with a peculiar toxicity profile, notably skin rash.
The toxic effects of EGFR blockade reflect the multi-
ple physiological roles of the receptor and its endoge-
nous ligands. However, the information about the
effect of EGFR blockade on systemic immune activa-
tion 1s limited. An enhanced immune response has
been reported to result from EGFR blockade (4, 3).

Urinary and serum concentrations of neopterin, an

gefitinib; head and neck cancer; intestinal permeabality; lung cancer: neopterin

indicator of systemic immune actrvation, are increased
in patients with advanced tumors, including lung can-
cer and head and neck carcinomas (6-8). Increased
neopterin 1s a prognostic factor associated with infen-
or survival. Moreover, changes in neopterin concentra-
tions have been observed in body fluids of cancer
patients treated with cytokines or cytotoxic agents (9,
10).

Measurement of intestinal permeability 1s used to
study the disorders of the bamer function of the gut
mucosa 1 bemgn disorders, including mflammatory
bowel disease and gluten enteropathy. The disorders of
this barrier function may be defined by altered perme-
ability to different substances, mcluding non-metabo-
lizable sugars. Intestinal permeability was also tested
in patients treated by cvtotoxic agents, and aberrations
similar to those found in patients with benign intestin-
al disorders have been described (11).

In the present study, we have assessed urnary
neopterin during the therapy with gefitinib 1 patients
with lung cancer and head and neck carcinomas. We
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Figure 1. Urinary neoptenin during the course of gefitinib therapy, urinary neopterin was determined immediate-
ly before the start of gefitinib therapy (visit 1) and at 6 subsequent visits at intervals (median) of 15, 34, 59, 80,
99 and 138 days. Shown are the means, with the error bars indicating standard error of the mean.

have observed no effect of gefittmib administration on
urinary neopterin concentrations. In addition, intestin-
al permeability and xvlose absorption were investigat-
ed in the patients at baseline, and a correlation has been
observed between unnary neopterin and parameters of
intestinal permeability and absorption.

Patients and Methods

Sixteen patients, aged (mean * standard deviation)
56 £ 9, range 39 - 71 vears enrolled in an expanded
access program of gefitimib (Iressa, AstraZeneca,
Macclesfield, United Kingdom) were studied Ten
patients, & males and 2 females, had non-small cell
lung carcinoma and 6 patients, all males, had head and
neck carcinoma. Nineteen healthy subjects, aged 52 +
15, range 25 - 88 vears, 10 males and 9 females served
as control group. All subjects studied were Caucasians.
All patients have received prior chemotherapy and/or
radiotherapy. Gefitimib was admimistered daily at the
dose of 250 mg (in patients with non-small cell lung
carcinoma) or 500 mg (in patients with head and neck
carcinomas).

Urnine sample were collected at scheduled visits, and
stored at -20°C until analysis. After centrifugation (5
minutes, 1300 g) and diluting 100 pl of urine speci-
mens with 1.0 ml of mobile phase containing 2 g of

Pteridines Viol. 18/No. 3

disodium-EDTA per liter, samples were injected onto a
column, and neopterin was determined using high per-
formance liqud chromatography systems LC1084A
with HP 79850 A integrator (Hewlett-Packard, Palo
Alto. CA, USA) as descrbed (12). Neopterin was
identified by its native fluorescence (353 nm excita-
tron, 438 nm emission) and quantified by external stan-
dard method. Creatinine was determined by Jaffé reac-
tron after dilution of the sample 1:50 on a Hitachi 716
analyser (Tokyo, Japan) using a commercial kit
(Boehringer, Mannheim, Germany) according to the
manufacturer's instructions, and neopferin concentra-
tions were expressed as neoptenn to creatinimne ratio
{(umol/mol creatinine).

Intestinal permeability was investigated by deter-
mining urinary lactulose, xylose and mannitol after
oral challenge as described earlier (13). Briefly, after
an overnight fast, a pretest urine sample was collected
to detect any endogenous mannitol, and the patients
ingested 100 ml of the test solution containing 2 g of
mannitol, 2 g of xylose, 10 g of lactulose, and 11 g of
glucose i water. The patients then continued fasting
for 2 hours. and vnine was collected for 5 hours.
Lactulose, xylose and mannitol were determined by
capillary gas chromatography as described (13), and
urinary excretion was expressed as percentage of the
ingested dose as well as the ratios of lactulose/manni-
tol and lactulose/xylose.
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Fignre 2. The course of urinary neopterin during gefitinib therapv in a patient with head and neck carcinoma. A
50-year-old male with squamous cell carcinoma of the head and neck recurrent afier surgery, radiotherapy and
chemotherapy with paclitaxel/carboplatin was treated with gefitinib 500 mg/day. The therapy was started in
October 2003. A severe acneiform rash was noted in December 2003 that was later accompanied by purulent skin
wnfection and an increase of urinary neopterin. Tumor progression was evident later in the course of the diseasze

(in May 2004).

Urinary neopterin concentrations of patients and
controls were compared by Mann-Whitney U test, and
neopterin before and during the treatment was com-
pared by Wilcoxon signed rank test. Correlations were
examined by the Spearman's rank correlation coeffi-
cient. The decision on statistical significance was
based on p = 0.05 level. The analyses were performed
using NCSS 2001 software (Number Cruncher
Statistical Svstems, Kayswville, Utah, USA).

Results

Compared to controls, initial neopterin concentra-
tions were significantly increased in 10 patients with
non-small cell lung carcinoma (mean + standard devi-
ation: 348 + 348, range: 81 - 1265 vs. 151+ 82, 55-364
umol/mol creatinine; p <0.05), but not in & patients
with head and neck carcinomas (171 = 111, 71-383
pmol/mol creatimine).

Urnnary neopterin was evaluated during the course
of gefitinib therapy in 16 patients. In 13 patients, sam-
ples were obtained immediately before the start of
therapy as well as duning subsequent visits, while 1n 3
patients monitoring of urinary neopterin was initiated
after the start of treatment. In 13 patients evaluated
before the start of therapv, a median number of 6
(range: 2-11) additional measurements were available.

No significant changes were observed in urinary
neopterin concentrations during the course of gefitimb
therapy when evaluated at 6 subsequent visits at inter-
vals (median) of 15, 34, 59, 80. 99 and 138 days
(Figure 1). Similarly, no significant difference was
observed when the pretreatment neopterin and a mean
of subsequent neoptenn concentrations in each patient
were compared (297 + 319, 71-1265 vs. 250 + 186, 65-
763 pmol/mol creatinine). In most patients, only muild
fluctuations were observed during the course of gefi-
tinib  therapy. Occasionally, increased urinary
neopterin accompanied skin complications or disease
progression (Figure 2).

Intestinal permeability was examined i all 13
patients studied before therapy and in 10 controls.
Compared to controls, patients had significantly
increased absorption of xylose (263 + 143, 6.2-58.6
vs. 13.8+£ 5.2, 7.8-25.5 %), lactulose 0.80 £ 0.87, 0.16-
3.62 vs. 032 £0.15. 0.14-0.53 %), and lactulose/man-
nitel ratio (0.05 + 0.04, range 0.02-0.14 vs. 0.02 £
0.01, 0.01-0.04). wlule mannitol absorption (18.9 +
105, range 39386 vs. 182+ 41, 126-263 %) and
lactulose/xylose ratio (0.03 = 0.04, range 0.01-0.15 vs.
0.02 £ 0.01, 0.01-0.04) were not significantly different
in patients and controls. A significant correlation was
observed in the patients between urinary neopterin and
xylose absorption (1, = -0.58, p <0.05), lactulose/man-
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Figure 3. Correlation between urinary neopterin and lactulose/mannitol ratie. Shown 1s the correlation between
urinary neopterin and lactulose/mannitol (LAMA) ratio in patients evaluated before the start of gefitinib therapy
(r,=0.75.,p=0.008, n = 11). Lactulese/mannitel ratio was not evaluable in 2 patients because of high background

mannitol excretion.

nitel (r, = 075, p <0.01; Figure 3). and

lactulose/zylose (rs = 0.62. p <0.05) ratios.

Discussion

In the present study EGFR blockade had no effect
on systemic immune activation. We originally hypoth-
esized that EGFR blockade could induce systemic
immune activation through different potential mecha-
nisms. EGFR mhibition could interfere with the barn-
er function of skin and mucous membranes, leading to
increased penetration of microorganisms and systemic
immune response. Apoptosis of tumor cells may also
induce inflammatory response. In an experimental
study, EGFR blockade was associated with an
enhanced inflammatory response (4). An ncrease in
soluble P-selectin, RANTES and soluble mnterleukin-2
receptor was observed after administration of gefitinib,
suggesting that gefitinib may activate cell-mediated
immunity (5). On the other hand, no changes in sys-
temic concentrations of vascular endothelial growth
factor or basic fibroblast growth factor were observed
after gefitinib therapy (14).

The hypothesis that gefitinib administration would
result in systemic immune activation, was not reflect-
ed in an increase neopterin concentrations in the pres-
ent study. This could be partly due to limited effective-
ness of gefitnib as anticancer agent. In fact, original
encouraging data with this drug (1. 2) were not con-
firmed by subsequent studies, and the drug 1s current-
Iy no longer available in the United States and

Pteridines Viol. 18/No. 3

European Union (15). Gefitinib seems to be more
effective in Asian populations, and immune activation
induced by the treatment with this drug has been
reported 1n Asian patients (5). An increase of neoptenin
production has been documented in cancer patients
after systemic admimistration of different cytokines (9)
or with the combination of paclitaxel and doxorubicin
(10}. On the other hand, reduction of the tumor burden
may result in lower neoptenin (16). Inhibition of tumor
growth by gefitinib might result 1 lower neopterin in
some patients with increased baseline neopterin con-
centrations, and this decrease mught neutralize any
increase induced by activation of monocytes/macro-
phages by EGFR blockade.

Urninary neopterin was used here to study systemic
immune activation after EGFR blockade. Neopterin 1s
produced from guanosine triphosphate by macro-
phages stimulated by interferon-v, and measurement of
neopterin concentrations may be used to assess
macrophage activation and systemic immune activa-
tton (17). An important advantage of utilization of
neopterin for monitoring of systemic immune activa-
tton 1s that neopterin can be measured m urine.
Monitoring of urinary neopterin concentrations has
already been proven useful in other clinical situation,
notably in early detection of transplant rejection (17).
Increased urinary neopterin may also be associated
with higher risk of the toxicity of chemotherapy (18,
19).

In the present study, a significant correlation was
observed between urinary neopterin and alterations of
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both intestinal permeability (lactulose/mannitol ratio)
and absorption (xylose absorption). This observation is
similar to the results obtained in a recent study in
patients with epithelial ovarian carcinoma (19).
Similarly to earlier reports (20, 21), present data
demonstrate that laboratory parameters of intestinal
permeability are increased in cancer patient before the
start of therapv. The term intestinal permeability
reflects the barrier function of bowel mucosa separat-
ing the internal milieu from the outside environment
both mn an immunologic and a metabolic sense (22). It
has been demonstrated in experimental studies that
interferon-y is responsible for increased intestinal per-
meability (23, 24), but clinical data demonstrating an
association between systemic immune activation and
increased intestinal permeability are limited (19, 25).

Lung cancer 15 one of the most frequent malignant
neoplasms and also one of the most frequent causes of
cancer death. Similarly to other tumors, ncreased
neopterin production 1s associated with poor progno-
sis. Kronberger et al. (7) assessed the prognostic sig-
nificance of urinary neopterin in 72 patients with lung
cancer. No difference was observed in urinary
neopterin according the stage, histology, grade or per-
formance status. Uninary neoptenn exhibited a statisti-
cally significant positive correlation with leukocytes
and serum alkaline phosphatase, and an inverse corre-
lation with hemoglobin concentration. Neopterin was a
significant prognostic indicator both 1 univanate and
multivariate analyses. Prommegger et al. (6) evaluated
the prognostic significance of unnary neopterin i 110
patients with operable lung carcinoma. Increased uri-
nary neopterin was observed in 20 % of the patients.
For 103 patients with non-small cell lung carcinoma,
urinary neopterin above 212 pmol/mol creatinine was
associated with increased nisk of early death. Uninary
neopterin and T stage were independent prognostic
parameters of survival in the multivanate analysis.
Murr et al. (8) investigated urinary neopterin in 23
patients with untreated squamous-cell carcinoma of
the oral cavity and in 12 patients with recurrent dis-
ease. Increased urinary neopterin was observed in 19
patients, including 9 patients (75 %) with recurrent dis-
ease. Urinary neopterin was predictive of survival both
in the univariate and 1n the multivariate analysis.

In conclusion, EGFR blockade had no effect on sys-
temic immune activation, evaluated with urinary
neopterin, i Caucasian population. A significant cor-
relation has been observed between urinary neoptenn
and parameters of mntestinal permeability and absorp-
t1om.
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may be involved in the toxicity associated with anticancer
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Abstract. Background: Disorders af antioxidant balance are
considered fo be imvolved in the toxicity associated with
radictherapy or chematherapy. Patients and Methods: Serum
alpha-tocepheral and retinal were determined, by high
performance liquid chromatography, before and during therapy
with a combination of paclitavel and carboplatin it 28 patienis
with breast and ovarian cancer. Senmi neopterin and
cholesterol were mepsured using a radiohnmunoassay and
enzymatic colorimetric  method,  respectively.  Resulis:
Compared to prefreatmeni concentrations, a significant
inerease was observed in serwn alpha-tocopierol and retinol
concentrations during therapy that was associated with
decreased serwm neopierin concentrations. Serum alpha-
tocopherol concentrations were significantly ligher during
therapy in patients who did not experience serious ioxicity.
Conclusion: An increase in alpha-tocopherol and relinol
during therapy with combination paclitaxellcarboplatin may be
explained by inhibition of systernic {mnuate activation
secondary to control of the tumor with effective chemoilierapy.
Lower alpha-tocopheral concentrations were associated with
the roxicity of therapy.

Administration of cytotoxic drugs is associated with
oxidative stress (1, 2). and disorders of antioxidant balance

guanosine triphosphate (4). Human monocytes/macrophages
produce significant quantities of neopterin when stimulated
with interferon-y, and neopterin is regarded as an indicator
of systemic Immune activation. Increased urinary and serum
neopterin concentrations have been reported in patients with
different primary tumors, including epithelial ovarian
carcinoma (EQC) or metastatic breast carcinoma (4-6). An
association has been detecied between the course of the
disease and neopterin levels. Neopterin concentrations
decreased after successful therapy, but increased during
disease progression. Elevated neopterin coneentrations were
limited to patients with active disease, and normal neopterin
levels were teported in patients without evidence of disease
activity (4). Increased urinary neopierin has also been
associnted with poor prognosis both in EOC (4, 5) and
breast carcinoma (7).

The term vitamin E denotes several naturally occurring
tocopherols and tocotrienols, but alpha-tocopherol is
responsible for most vitamin E activity in animal tissues (3).
Disorders of antioxidant balance involving vitamin E are
thought to be involved in the toxicity associated with
radiotherapy (8, 9), or chemotherapy (10), and a decrease
in serum alpha-tocophero] has beem observed during
systemic chemotherapy (1, 2, 11, 12). Retinol plays an

““treatment. Vitamin E represents a major antioxidant in the

serum (3}, Retinol is a major circulating form of vitamin A
that also has antioxidant activity (3).

Another molecule associated with antioxidant balance is
neopterin, an unconjugated pteridine synthesized from
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essential role in many physiclogical functions, including
vision, -growth, . development, . differentiation .. and the
immune response (3}. .

The combination of platinum derivatives (cisplatin or
carboplatin) with paclitaxel represents currently the
standard front line regimen for patients with advanced EQC
after demonstration of superior survival in randomized
clinical trials (13, 14). This combination is also active in
patients with metastatic breast carcinoma (15). The
combination of paclitaxel and carboplatin has a relatively
favorable toxicity profile. Although this combination is one
of the most commonly used in medical oncology, little is
known about its effect on antioxidant balance.

In the present study, the serum alpha-tocopherol, retinol,
neopterin and cholesterol concentrations in breast and
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ovarian cancer patients treated with paclitaxel and platinum
chemotherapy have been investigated. The principal aim
was 1o investigate changes of serum retinol, alpha-
tocopherol and neopterin during chemotherapy with
combination paclitaxel/carboplatin. As the concentrations of
alpha-tocopherol are dependent on serum lipid levels,
serum cholesterol was determined to estimate the alpha-
locopherolicholesterol ratio. A secondary aim of the study
was to compare these parameters with the presence or
absence of serious (grade 3 or higher) toxicity.

Patients and Methods

Twenty-cight women, mean age 5610 {range 34-74) years, treated
with paclitaxel and carboplatin, were included in the present study.
Nine patients had ovarian cancer (primary EQC 7 patients and
Krukenberg tumors 2 patients), and 19 patients had breast
carcinoma. Three of the patients with primary EOC also had a
history of breast cancer. Four patients were chemotherapy-naive and
24 paticnts had a history of previous chemotherapy. Sixteen patients
were treated with a combination of paclitaxel (175 mg/m?) and
carboplatin (area upder the corve 6} administered every 3 wecks.
Twelve patients were treated with a weekly regimen of paclitaxel (90
mg/m?) with carboplatin (area under the curve 2) with (8 patients) or
without (4 patients) trastuzomab {4 mg'ke loading dose, then 2
mg/kg weekly). The study protocol was approved by the institutional
ethical committee and the patients signed informed consent. No
supplementary vitamins were prescribed, and the patients were
advised to take a normal diet. The toxicity was assessed using
Common Terminology Criteria for Adverse Events version 3.0 (16).
Serious toxicity was defined as of grade 3 or higher.

Serum alpha-tocopherol and retinol were determined before and
during the therapy by high performance liquid chromatography as
described previously (17). Blood samples were drawn from a
peripheral vein after an overnight fast. The samples were
transferred immediately to the [aboratory, centrifuged (1600 xg, 10
minutes, 16"C), and the serum was frozen at —20°C until analysis. In
the liguid-liquid extraction procedure, 300 pl of serum was
deproteinized by cool ethanol denatured with 5% methanal (300 p,
3 minutes, 4*C), Subsequently, 2500 ul of n-hexane was added to this
mixture and extracted for 5 minutes by a vortex apparatus. After
centrifupation (1600 xg, 10 minutes, 0°C), the aliquot (2000 pl) of

Serum neopterin was determined with radioilmmunoassay using
a commercial kit (Brahms, Hennigsdorf, Germany) according to
the instructions of the manufacturer, Serum cholesterol was
determined by an enzymatic colorimetric test (with cholesterol
esterase and cholesterol oxidase) vsing a modular analyzer with a
commercial kit according to the manufaciurer's instroctions
{Roche, Mannheim, Germany).

The significance of differences during the therapy ¢compared to
pretreatment values was studied by Wilcoxon paired test, the
differences of concentrations in patients with or without toxicity
were evaluated by Mann-Whilney U-test, and correlations were
analyzed with Spearman's rank correlation cocfficient vsing NCSS
2001 software (Number Cruncher Statistical Systems, Kaysville,
UT, USA). The decision on statistical significance was based on
p=0.03 level,

Results

The serum samples were obtained before the start of therapy
(baseline, visit 1), during the first cyele of chemotherapy (one
week after the start of treatment, visit 2), at the end of the first
or second cyele of chemotherapy (visit 3), and before
subsequent chemotherapy cycles (visit 4). The median number
of measurements during therapy was 3 {range 1-8). Compared
to pretreatment concentrations (Table T), a significant increase
was observed in alpha-tocophercl and retinol concentrations,
and alpha-tocopherol/cholesterol ratios thronghout the course
of therapy. A slight increase in serum cholesterol was observed
that did not reach statistical significance. In contrast, a trend of
decreased serum neopterin was observed that reached
sigmificance at visit 3. Similar results were observed when means
of all measurements subsequent to visit 2 were evaluated.

Ten patients experienced serious (grade 3 or higher)
toxicity during the first 6 weeks of therapy (leukopenia or
neutropenia 5 patients, diarrhea 2 patients, nausea 2
patients, anemiz 1 patient). Serum alpha-tocopherol
concentrations were significantly higher in patients who did
not experience serious toxicity at visits 2 and 3 and serum
retinol was significantly higher at visit 2 (Table I1).

Baseline serum concentrations of cholesterol significantly

the clean extract was scparated and evaporated under nitrogen
{(80°C). The residue was dissolved in 400 pl methanol and analysed.
by reversed-phase high porformance liquid chromatography using
external standurd celibration. The analyses were performed using
the Perkin Elmer high performance lquid chromatography set
{Nerwalk, CT, USA) comprising a LC 200 pump, a LC 200
autosampler, LC Column Oven 101 thermostat and LC 235C Dinda
Array Detector attached to the Perkin Elmer Turbochrom
Chromatography Workstation version 4.1, The separation of alpha-
tocopheral and retinol was performed using a Chromolith
Performance RP-18e, 100x4.6 mm monolithic columns (Merck,
Darmsiadt, Germany). As the mobile phase 100% mecthanol was
used at a flow rate of 2.5 ml/min-! and column pressure of 3.3 MPa.
A block heater LC Oven 101 {Perkin Elmer) was ulilized to kecp
the analytical column temperature at 25°C, The injection volume
was 50 pl. The detection of alpha-tocophera] and retinol was carried
out &t 295 nm aid al 325 nm, respectively.
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correlated with retinol (r;=0.54: p=0.005) and alpha-
tocopherol (r,=0.43; p=0.02). A correlation was observed
between retinol and alpha-tocopherol (r,=043; p=0.02),
and baseline serum neopterin correlated inversely with
cholesterol (r,=-0.47; p=0.02).

Discussion

The significant increase of serum alpha-tocophercl and
retinol concentrations during paclitaxel/carboplatin
combination chemotherapy observed in the present study
may seem rather unexpected in the light of earlier reports
of decreased alpha-tocophercl concentrations during
systemic chemotherapy that were associated with oxidative
stress induced by the therapy (1, 2, 11, 12). Moreover,
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Tabie 1. Serum retinol, alpha-tocopherol and meoptedn levels befare, during und ajter chemotherapy treatiient

Visit 1 Visit 2 Visit 3 Visit 4 Mean of all
{bascline) {during the {at the end of first  (subsequent measurements
first cycle) or sceond cycle) to visit 3)  subsequent to visit 2
Time from the start of therapy (days) 0 E 23+10 s6+34 -
Retinol {pmolil) 1.27£0.53 156062 16766 1.76+0.64%% LGd£0.62%**
(0.12-2.24) {0.31-2.65) (0v64-3.44) {0.65-3.63) {0.64-3.33)
Alpha-tocopherol (pmol/l) 23.6£35.2 26.4%6.4%" XN 27764 27 A4£5.6%
(12.5-35.5) (17.5-40.9) {17.7-40.9) (18.3-41.5) (19.7-40.2
Neopterin {nmokT) BaxL3 B.or4.4 T2x4.1% T.0x4.4 FRIEER:]
(3.B-17.9) {3.4-17.2) {2.7-19.6) {3.3-33.5) (3.0-19.5)
Chalestero! (mmoll) 5.29x096 5.35£1.08 370+£1.03 579106 374094
(3.96-7.67) (3.79-7.92) (3.39-7.62) {4.12-7.90) (3.96-7.69)
Alpha-tocopherol/cholesterol {mmolimol} 4,49+ 1100 5.05£0.81== 4,82:40,74** §.8T=0.76% 481066
(3.05-7.17) {3.69-6.61) {3.05-6.61) (3.57-6.11) (3.46-6.29)

Shown arc means £ standard deviations (range). Wilcoxon paired test, *p<0.05, **p<0.01, and ***p<0.001 compared fo basclinc.

Table 11, Serum analysis before therapy, during and after the first cycle of chemotherapy in patients with or withou! serious toxieiiy.

Parameter No serious loxicity Scrious toxicity p-value
{n=18) {n=10})
Retinol-visit 1{pmals) 1.38£0.47 (0.59-2.24) 1,07 +0.5% (0.12-2.08) n.12
Rotinol-visit 2 (pmel/l) 1.73=0.59 {0.63-2.65) 1.2620.39(0.31-2.20) 0.047
Retinal-visit 3 (pmol{1) LEZE0.G9 (1.11-2.44) 1.39=0.51 (0.64-2.02) 0.20
Alphi-tocepherel-visit 1 {pmol) 35.0+4.5 (17.4-35.5) 200456 (12.5-29.0) .08
Alpha-tocopherol -visit 2 {(pmol) 284267 (17.5-40.9) 22.9+4.3 (18.3-30.2) 0.042
Alpha-tocopherol-visit 3 (pmoli) 19.5+6.4 (17.7-40.9) 23.9+3.7 (18.2-29.5) 0.020
Neopterin-visit 1{nmoll) 7.6+3.3 (3.5-15.0) 9.9:5.7 (4.2-17.9) 0.48
Neopterin-visit 2 (nmol/l) 7.2£3.3 (3.4-13.5) 10.8:45.1 (5.0-17.2) 0.10
Meopterin-visit 3 (nmol/t) 6,3=3.4 (2.7-16.6) B.9+4.9 (3.5-19.6) 0.07
Cholesterol-visit 1 {mmol) 5524105 (3.96-7.67) £ 81054 (4.11-5.61} on
Cholesterol-visit 2 {mmal/l1) 5632121 (3.79-7.92) 4942060 (4.00-6.07) 0.19
Cholesterol-visit 3 {mmol/1) 5.90£1.07 (3.39-7.62) 5.35=0.90 {4.11-6.93) .23
Alpha-tocopherolicholesterol-visit I (mmal/mol) 466003 (3.63-7.17) 4.15+1.12 (3.05-6.51) 0.13
Alpha-tocopherolicholesterol-visit 2 {(mmaol/mol) 5.33+0.81 {3.95-6.61) 4.64 0,62 {3.69-5.39) 0.09
Alpha-tocopherolfcholesterol-visit 3 (mmalfmol) 5.00+0.74 (3.96-6.61) 4.52=0.68 {3.05-5.15) 0.23

Shown are meuns+standard deviations (range) and respective p-values (Mann-Whitney [/-test). Visit 1, before therapy; visit 2, during the first

___cycle of chemotherapy; visit 3, at the end of the first or second cycle of chemotherapy.

administration of paclitaxel/carboplatin chemotherapy is
associated with small bowel dysfunction, and disturbance of
the small bowel is accompanicd by low serum concentration
of retinol (18, 19). Despite this, a moderate, but statistically
significant increase in serum retinol was chserved.

Only a minor increass of serum cholesterol was observed,
while an increase of serum alpha-tocopherol was
accompanied by an increased alpha-tocopherol/cholesterol
ratio. Thus, the change of serum alpha-tocopherol was not
due to changes in serum lipid levels. It has been
demonstrated previously that serum concenirations of
alpha-tocopherol and retinol were significantly decreased in

patients with advanced cancer (20, 21). It has also been
shown that the decrease of serum alpha-tocopherol and
retinol cencentrations correlated with the systemic
inflammatory response (20, 22). The synthesis of retinol
binding protein was decreased by pro-inflammatory
eytokines (23). Moreover, anti-inflammatory therapy
(ibuprofen) in patients with advanced cancer led to an
increase in serum carotencids (21). The increase in serum
alpha-tocopherol and retinol observed after administration
of paclitaxel/carboplatin chemotherapy in this study was
therefore probably linked to suppression of the systemic
inflammatory response by the chemotherapy.
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Although both paclitaxel and cisplatin  have been
demonstrated to activate macrophages in virro {24, 25), and
we have recently reported an increase of urinary neopterin
in breast cancer patients treated with a combination of
paclitaxel and doxorubicin (6), in the present study a
decrease rather than an increase of serum neopterin was
cbserved after administration of paclitaxel/ carboplatin
chemaotherapy. This was in agrcement with earlier data
showing that the reduction of tumor burden may result in
lower neopterin concentrations (26). Baseline serum
neopterin was above the normal range in most patients, and
the decrease in serum neopterin may have reflected
suppression of the systemic inflammatory response
associated with effective anti-tumor therapy. An increase in
serum alpha-tocopherol has also been reported recently after
hyperthermia (27). Serum retinol is bound to retinol binding
protein (3), and sernm levels of retinol binding protein are
markedly increased in patients with renal dysfunction (28).
Thus, the mild elevation of retinol observed in the present
study could also have resulted from an increase of retinol
binding protein secondary te subclinical remal toxicity
indueced by the platinum derivatives.

While all the patients in the current study had assessment
of alpha-tocopherol and retinol at baseline and during the
first chemotherapy cycle, the number of subsequent
measurements was different because of the differences in
the duration of therapy in individual patients. Therefore, in
addition to the evaluation of the resulis obtained at the end
of the first or second cycle, an analysis was also performed
of the means of sequential measurements as described by
Matthews & al. (29), and alpha-tocopherol and retingl
concentrations assessed at the end of the first or second
cycle as well as the means of sequential measurement
showed similar results,

In earlier studies, low vitamin E intake was associated
with toxicity of chemotherapy in children with acute
Iymphoblastic leukemia (30). The administration of
vitamin E has been shown to aileviate some side effects of

associated with a higher risk of toxicity. In fact a trend of
lower baseline alpha-tocopherol wes observed in paticnts
who subsequently experienced toxicity. However, these
results should be regarded as preliminary, and only an
interventional study of vitamin E supplementation in a
larger cohort could clarify whether decreased serum
alpha-tocopherol is a consequence or cause of
chemotherapy toxicity.

We conclude that, contrary to expectations based on
previous reporis, serum alpha-tocopherol and retinol
increased significantly during the therapy with combination
paclitaxel/carboplatin, but lower alpha-tocopherol
concentrations were observed during the therapy in patients
who experienced serious toxicity. An increase in serum
alpha-tocopherol and retinol after paclitaxel/carboplatin
chemotherapy seems to be associated with the suppression
of the systemic immune and inflammatery response
secondary to tumor control induced by chemotherapy.

Acknowledgements

Supported by the grants from the Internal Grant Agency of the
Ministry of Health of the Czech Republic NR 8156-3 and NRY096-4.

References

1 Faher 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

adriamyein. A preliminary study. Biol Trace Elem Res 47: 117-

123, 1995,

Faure H, Coudray €, Mousscau M, Ducros V, Douki T,

Bienchini F, Cadet J and Favier A: 5-Hydroxymethyluracil

cxcretion, plasma TBARS and plasma antioxidant vitamins in

adriamycin-treated patients. Free Rad Biol Med 20: 979-983,

1994,

3 Debier C and Larondelle Y: Vitamins A and E: metabolism,
roles and transfer to offspring. Br J Nutr 93: 153-174, 2008,

4 Melichar B, Solichovd D and Freedman RS: Neopterin as an
indicator of immune activation and prognosis in patients with

Ed

radiotherapy (8) or chemotherapy (10). 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. In most reports published to date,
alpha-tocopherol has been investipated in epidemiological
studies in relation to cancer risk. For example, lower
vitamin E concentrations have been reported In patients
with breast cancer (31). Lower alpha-tocopherol
concentrations during the first & weeks of therapy in the
present study were associated with significant toxicity.
Low serum alpha-tocopherol could be a consequence of
chemotherapy toxicity resulting in lower food intake.
Lower serum alpha-tocopherol could also increase the risk
of texicity or reflect the presence of other factor(s)

4400

gynecolopical malignancies. Int J Gynecol Cancer 16: 240-252,

5. Melichar B, Urbanck L, Kremova L, Kalabova H, Svobodova I,
Dragounova E, Vesely P, Hyspler R and Solichova I Urinary
neopterin in patients with ovarian cancer. Pteridines 17: 145-
153, 2006,

6 Melichar B, Solichova D, Melicharova K, Cermanova M,
Urminska H and Ryska A: Systemic immune activation, anemia
and thromboeytosis in breast cancer patients treated by
doxorubicin and paclitaxel. Fleridines 77: 107-114, 2006.

7 Murr C, Berant A, Widschwendter M, Heim K, Schrocksnadel
H and Fuchs D: Neopterin is an independent prognostic
variable in females with breast cancer. Clin Chem 43 1998-
2004, 1999,

8 Delanian S, Porcher R, Balla-Mekias § and Lefaix JL:
Randomized, placebo-controlled trial of combined pentoxifyviline
and tocopherol for regression of superficial radiation-induced
fibrosis. J Clin Oneol 2J: 2545-2550, 2003.

129



~_[httpretep cancer-govireportingfcte_v30:html] _—
17 Urbanck L, Solichova D, Melichar B, Dvorak I, Svobodova I and

Melichar ef al: Antioxidants during Chemotherapy

6 FErhola M, Nieminen MM and Qjala A: Human plasma
antioxidant capacity during radiotherapy for lung cancer: a
clinical stady. J Exp Clin Cancer Res 17; 323-330, 1998,

10 Pace A, Savarese A, Picardo M, Maresca V, Pacetti U, Del

Monte G, Biroccio A, Leonetti O, Jandolo B, Cogneiti F and

Bove L: Neuroprotective gffect of vitamin E supplementation

in patients treated with cisplatin chemotherapy. I Clin Oncol

271 927-931, 2003,

Tonas RC, Puckett AB, Jones DF, Griffith DP, Szeszyeki EE,

Bergman GF, Furr CE, Tyre C, Carlson JL, Gulloway JR,

Blumberg JB and Zisgler TR: Plasma antioxidant status after

high-dose chemotherapy: a randomized trial of parenieral

nutrition in bonc marrow transplantation paticnts. Am I Clin

Nutr 72; 181-189, 2000.

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

13 MeGuire WP, Hoskins WI, Brady MF, Kucera PR, Partridge
EE, Look KY, Clarke-Pearson DL and Davidson M:
Cyclephosphamide and cisplatin compared with paclitaxel and
cisplatin in patients with stage 1T and stage TV ovarian cancer.
N Engl I Med 334: 1-6, 1996,

14 Piccart MJ, Bertelsen K, James K, Cassidy J, Mangioni C,
Simonsen E, Stuart G, Kaye 8, Vergote I, Biom R, Grimshaw R,
Atkinson RJ, Swenerton KD, Trope C, Mardi M, Kaern J, Tumulo
S, Timmers P, Roy JA, Lhoas F, Lindvall B, Bacon M, Birt A,
Andersen JE, Zez B, Paul J, Baron B and Pecorelli 8: Randomized
intergroup  trial of cisplatin-paclitaxel versur  cisplatin-
cvefophosphamide in women with advanced epithelial ovarian
eancer: three-year results. J Natl Cancer Tnst 92: 699-T08, 2000,

15 Fountzilas G, Kalofonos HP, Dafni U, Papadimitrion C,
Bafaloukos D, Papakostas P, Kalogera-Foontzila A, Gogas H,
Aravantines G, Moulopoulos LA, Economopoulos T,
Pectasides D, Maniadakis N, Siafaka V, Brissoulis E,
Christodoulon C, Tsavdaridis D, Makrantonakis P, Razs E,
Kosmidis P, Skarlos D and Dimopoules MA: Paclitaxel and
epirubicin versus paclitase]l and carboplatin as first-line
chemotherapy in patients with advanced breast cancer: a phase
I study condueted by the Hellenic Cooperative Oncology
Group. Ann Oneol 15: 1517-1526, 2004,

16 Common Terminolopy Criteria for Adverse Events version 3.0,

1

—

19 Johnson EJ, Krasinski 8D, Howard LI, Alger SA, Dutta SK and
Russell RM: Evaluation of vitamin A absorption by using oil-
soluble and water-miscible vitamin A preparations in normal
adulis and in patients with gastrointesiinal disease. Am J Clin
Nutr 55: 857-864, 1992

20 McMillan DC, Talwar D, Sattar N, Underwood M, O'Reilly
DST and McArdle C: The relationship between reduced vitamin
antioxidant concentrations and the systemic inflammatory
response in patients with common solid tumours, Clin Mutr 25
161-164, 2002,

21 McMillan DC, Sattar N, Talwar D, O'Reilly J and McArdle CS:
Changes in micronuirient concentrations following anti-
inflammatory treatment in patients with gastrointestinal cancer.
Mutrition J6: 425-428, 2000.

22 Mayland C, Allen KR, Degg TJ and Bennet M: Micronutrient
concentrations in patients with malignant disease: effect of the
inflammatory response. Ann Clin Biochem 47 138-141, 2004,

23 Banks RE, Forbes MA, Storr M, Higginson I, Thompson D,
Raynes T, ingworth IM, Perren TJ, Seiby PT and Whicher JT:
‘The acute phase protein response in paticnts receiving
subenianeous IL-6. Clin Exp Immunol 102; 217-223, 1995,

24 Mulling BW, Burger CJ and Elgert KD: Paclitaxcl enhances
macrophage 1L-12 produetion in tumor-bearing hosts through
nitric oxide. J Immuncl 762: 6811-6818, 1999,

25 Ranjan P, Sodhi A and Sristava A: Cisplatin and interferon-y
treated murine macrophages induce apoptosis in (umor cell
lines. Anti-Cancer Drugs 8: 797-806, 1997,

36 Hetzel H, Bichler A, Fuchs D, Hausen A, Reibnegger G and
Wachter H: Significance of urinary ncopterin in gynecological
oncology: follow-up of patients with ovarian cancer. Cancer
Detect Prev 6: 263-266, 1983,

27 Fului K, Ostapeako WV, Abe K Nishide T, Miyano M, Mune M,
Yukawa S and Nishide I; Changes in plasma alpha and gamma
tocopheral levels before and after long-term local hyperthermia
in cancer paticots. Free Rad Res 40: 833-899, 2005.

28 Kabanda A, Jadoul M, Pochet IM, Lauwerys R, Van Ypersele
De Strihou C snd Bernard A: Determinanis-of the serum
concentrations of low molecular weight proteins in patients on
maintenance hemodialysis, Kidney Tnt 47: 16891696, 1594,

2% Matthews JNS, Altman DG, Campbel MJI and Royston P:
Analysis of serial measurements in medical research. Br Med J
F00: 230-235, 1950,

30 Kennedy DD, Tucker KL, Ladas ED, Reingold SR, Blumberg J

" Selick P: Dpnmnzalian ﬂnd validation of a high pcrfcrrrianoe
liquid chromatography method for the simultaneous
determination of vilamins A and E in buman serum using
monaolithic column and diode-array detection. Anal Chim Acta
373-574: 267-272, 2006.

18 Slater GH, Ren Cl, Siegel N, Williams T, Barr D, Wolfe B,
Dolan K and Fielding GA: Serum fat-soluble vitamin deficiency
and abnormal caleium metabolism after malabsorptive bariatric
surgery. J Gastrointest Surg §: 48-35, 2004.

and Ketly M: Low-antioxidant vitamin-intakes are-associated -
with increascs in adverse effects of chemotherapy in children
~ with acute lymphoblastic lenkemia. Am I Clin Nutr 79: 1026-
1036, 2004,
31 Ray G and Husain $A: Role of lipids, lipoproteins and vitamins
in woinien with breast cancer. Clin Blochem 34: 71-76, 2001.

Received July 5, 2007
Revised October 4, 2007
Accepred Getober 10, 2007

4401

130



7.9. Priloha 9

Comparison of a novel ultra-performance liquid chromatographic method for
determination of retinol and a-tocopherol in human serum with conventional
HPLC using monolithic and particulate column

I. Citova, L. Havlikova, L. Urbanek, D. Solichova, L. Novakova, P. Solich
Analytical and Bioanalytical Chemistry, 388, 2007, str. 675-681

131



Anal Bioanal Chem (2007) 388:675-681
DOT 10.1007/500216-007-1237-8

ORIGINAL PAPER

Comparison of a novel ultra-performance liquid
chromatographic method for determination of retinol
and a-tocopherol in human serum with conventional
HPLC using monolithic and particulate columns

L. Citova - L. Havlikova « L. Urbanck « D. Solichova -
L. Novakovi « P. Solich

Received: 14 January 2007 /Revised: 26 February 2007 /Accepted: 1 March 2007 / Published online: 2& March 2007

) Springer-Verlag 2007

Abstract Retinol and a-tocopherol are biologically active
compounds often monitored in blood samples because of
their evident importance in human metabolism. In this
study a novel ultra-performance liquid chromatographic
(UPLC) method used for determination of both vitamins in
human serum has been compared with conventional HPLC
with particulate and monolithic Cg columns. In UPLC a
sub-two-micron particle-hybrid C,g stationary phase was
used for separation, in contrast with a five-micron-particle
packed column and a monolithic column with a highly
porous structure. Methanol, at flow rates of 04R, 1.5, and
2.5 mL min ', respectively, was used as maobile phase for
isocratic elution of the compounds in the three methods.
Detection was performed at 325 nm and 290 nm, the
absorption maxima of retinol and a-tocopherol, respective-
ly. Analysis time, sensitivity, mobile-phase consumption,
validation data, and cost were critically compared for these
different chromatographic systems. Although cost and
mobile-phase consumption seem to make UPLC the
method of choice, use of the monelithic column resulted
in almost the same separation and performance with a
slightly shorter analysis time. These methods are alter-
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natives and, in routine laboratory practice, more economical
means of analysis of large numbers of biological samples
than use of a traditional particulate column.

Keywords UPLC - Retinol - a-Tocopherol - Human serum -
Monolithic column

Introduction

In recent decades much research has been performed on
vitamins A and E, because of their biological activity and
their possible use for prevention and treatment of different
diseases. Vitamin A includes the compounds retinol, retinal,
and retinoic acid. Vitamin E, comprising o, (3, v, and 8-
tocopherol and tocotrienol, is an important micronutrient
with high antioxidant activity which protects plant and
animal tissues against lipid peroxidation [1-3].

To study the biological properties of both vitamins and
to search for significant links between their intake and
effects on health, determination of these compounds in
biological samples by suitable analvtical methods is of high
importance. Analvsis of fat-soluble vitamins mav be useful
for monitoring their nutritional status, the effectiveness of
vitamin therapy [4], or oxidative stress as one of the
negative side-effects of anticancer drugs [5].

Many papers have recently been published on the
quantification of retinol, tocopherols, and carotenoids in
biclogical liquids, usually human serum and plasma, using,
almost exclusively, reversed-phased high-performance liguid
chromatography (RP-HPLC) with UV, fluorimetric, or elec-
trochemical detection, which enable very good detection
limits (ng mL™") [6-15, 18]. Although RP-HPLC on
octadecyl-modified silica (ODS) columns seems the method
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of choice, use of normal-phase HPLC for analysis of retinol,
B-carotene, and tocopherol in adipose tissue has also been
described [16] and an original microemulsion electrokinetic
chromatographic method has been used for separation of
vitamins A, E, and D [17]. A modern approach to analvsis of
retinol and o-tocopherol in human serum, application of a
monolithic column, leads to time and cost benefits [5].

Clinical interest in retinol and w-tocopherol has increased
substantially since study of the cancer chemoprotective
properties of these compounds began [1]. In clinical
laboratories, time and cost-reducing methods are important
tools for processing large numbers of samples. Application
of novel approaches in liguid chromatography, for example
use of monolithic stationary phases or high-resolution
chromatographic systems utilizing sub-two-micron particles
in routine practice might therefore be of economic interest,
because of their potential to reduce analysis time, improve
resolution, increase sensitivity, and reduce mobile-phase
consumption. We have previously shown that use of a Cjg
monolithic column enabled reduction of analysis time for
both vitamins by a factor of four compared with a particulate
Cig column [5]. Because of the high porosity of the
monolithic silica matrix it is possible to perform analyses
with higher flow rates and significantly reduced back
pressure compared with conventional particulate columns
[19-21].

Ultra-performance liquid chromatography (UPLC), first
introduced by the Waters Corporation two years ago, is a
novel advance in rapid, sensitive, and high-resolution liquid
chromatography. UPLC utilizes special columns with a
bridged ethylsiloxane—silica hybrid (BEH) adsorbent, as
1.7-um particles, which ensure a wide pH operating range.
The apparatus embraces minimized system volumes and
greater throughput with detection of more peaks and faster
analysis. The particles are also designed to be able to resist
high back pressures (up to 100 MPa), in contrast with
conventional liquid chromatography (maximum pressures
approx. 35-40 MPa). All system components, including
high-pressure fluidic modules (binary pump), efficient
autosamplers characterized by fast injection cycles, low
injection volumes, negligible carryover, temperature con-
trol, and high-speed detectors, are designed to achieve this
new performance [22, 23]

Use of UPLC for assay of biological fluids has benefits in
clinical, toxicological, and forensic analysis. Since 2005
several authors have reported determination of different
compounds in urine and rat or human plasma by UPLC,
almost exclusively with mass spectrometric detection [24-
31). In most of these papers conventional liquid chromatog-
raphy has been compared with novel UPLC methods, which
result in higher sensitivity (up to 3-10 times), shorter
analysis times, and narrow peaks with excellent resolution
an minimization of matrix effects. To protect the system,
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treatment of the biological material before UPLC analysis
should ensure the sample is very clean. All the work cited
reports use of either liquid-liquid (LLE) or solid-phase
extraction (SPE). Filration of samples and all agqueous
bufters through 0.2-um filters is always recommended.

The objective of this work was to develop a novel method
for determination of retinol and o-tocopherol in serum by use
of ultra-performance liquid chromatography with UV detec-
tion. Another objective was comparison of analysis time,
sensitivity, mobile phase consumption, validation data, and
demands on instrument equipment and operation for three
different chromatographic svstems—UPLC and convention-
al HPLC with either a 5-um particulate or a monolithic
column. Qur prime concem was finding the most suitable
analytical method for rapid, simple, sensitive, and reproduc-
ible analysis of both vitamins in biological samples of
oncological patients being treated with aromatase inhibitors.
As far as we are aware simultaneous UPLC analysis of
retinol and a-tocopherol in human serum with UV detection
has not been described previously.

Experimental
Instrumentation and chromatography

UPLC analysis was performed with a Waters Acquity ultra-
performance liquid chromatograph {Waters, Prague, Czech
Republic) equipped with a tuneable UV detector (TUWV),
sample manager module (autosampler), and column compart-
ment/heater, both enabling temperature control. Data were
collected and processed by Empower chromatographic
software (Waters). An Acquity UPLC BEH C,g column
(2.1 mmx= 100 mm, 1.7-um particles) was used for separa-
tion. Methanol (100%) was used as mobile phase; the flow
rate was 0.48 mL min~". UV detection was accomplished at
325 nm for retinol and 295 nm for a-tocopherol; the
sampling rate was 20 points per second. Injection was
performed by the partial loop with needle-overfill mode.
Injection volume was 5 pl and both compounds were
separated within 2 min.

Chemicals and reagents

Retinol and pL-t-tocopherol were obtained from Fluka
(Sigma-Aldrich, Prague, Czech Republic). HPLC-grade
methanol and n-hexane for preparation of standard solutions
were obtained from Merck (Darmstadt, Germany). Ethanol
denatured with 5% methanol for deproteination was obtained
from Lachema (Brno, Czech Republic). Distilled methanol
of p.a. purity for the HPLC mobile phase was supplied by
Penta (Prague, Czech Republic). Helium 4.6 and nitrogen
6.0 were purchased from Linde (Prague, Czech Republic).
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LC-MS grade methanol from Riedel-de Hien (Sigma—
Aldrich) was used for UPLC analysis. Formic acid p.a. and
acetic acid for trace analysis were obtained from Riedel-de
Hien and Fluka, respectively. HPLC-grade water was
prepared with Millipore (Bedford, MA, USA) Milli-Q
reverse-osmosis equipment and filtered by use of a Vace-
space 50 vacuum filter (Chromservis, Prague, Czech
Republic), using 0.2-um pore-diameter Nylon membrane
filters { Albet, Barcelona, Spain).

Preparation of standards and samples

Stock solutions of retinol and o-tocopherol were prepared
for both HPLC and UPLC analysis. Retinol solution
(1 mmol L™") was prepared by dissolution in methanol.
Tocopherol was first dissolved in n-hexane (1 mmol LY
then diluted with methanol to furnish 0.5 mmol L'
solution. Retinol and tocopherol standard solutions were
stored at ~25 °C and 4 °C, respectively. For the calibration,
working solutions of both standards were diluted with
methanol, in volumetric flasks, in the concentration ranges
0.25-10.00 wmol L™" for retinol and 0.5-50.0 pmol L™ for
a-tocopherol. Calibration was performed at six concen-
trations. The stock and working solutions were stable for
& months.

Blood samples were drawn from the peripheral vein after
overnight fast for 12 h. The samples were then centrifuged
(1600 g, 10 min, 16 °C) and serum was separated. In the
liquid-liquid extraction {LLE) procedure 300 pl serum was

deproteinated by addition of cool ethanol denatured with 5%
methanol (500 uL, 5 min, 4 °C). n-Hexane (2.5 mL) was
then added and the mixture was extracted for 5 min by
vortex mixing. After centrifugation (1600 g, 10 min, 0 °C),
2 mL of the clean extract was isolated and evaporated under
nitrogen (60 °C). The residue was dissolved in 400 uL
methanol and analyzed using external standard calibration.

Validation

For method validation a system suitability test (SS5T) was
pertormed and validation data were evaluated in accordance
with ICH guidelines [32, 33]. For the SST standard
solutions were injected ten times and theoretical plate
number/height equivalent of theoretical plate (HETP),
asymmetry factor, resolution, repeatability of retention
times (tg), and peak area (4) were calculated. Repeatability
was expressed as relative standard deviation (%R SD).
Method validation was accomplished by analvsis of serum
samples and entailed determination of precision (repeat-
ability of fg and A), accuracy (recovery), linearity, and
detection and guantification limits (LOD, LOQ). Method
precision was evaluated for ten samples prepared individ-
ually from one sample of lyophilized human serum at one
concentration. Recovery was determuned by spiking serum
with standard additions of retinol and w-tocopherol.
Lineanty was measured at six concentrations in the ranges
0.25-10.00 and 0.5-10.0 pmol L™" for retinol and 0.5-50.0
and 5.0-50.0 umol L™! for a-tocopherol. Each solution was
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Fig. 1 Example of UV absorption chromatogram from UPLC analysis
of retinol and o-tocopherol in patient serum. The concentrations of
retinol and o-tocopherol were 0.87 and 11.39 pmol L L respectively.

Detection was performed at 325 nm (retinol) and 290 nm (-
tocopherol). Retention times: retinol, 0.83 min; o-tocopherol,
1.77 min
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injected three times. The limit of detection (LOD) was
defined as the compound concentration for which the
signal-to-noise ratio was greater than three. The limit of
quantification (LOQ)) was evaluated as the concentration for
which the signal-to-noise ratio was ten.

Results and discussion
Chromatographic conditions

UPLC has been proved to be an effective technique for the
analysis of retinol and c-tocopherol in serum samples. A
typical chromatogram obtained by UPLC from a patient
serum is presented in Fig. 1. Total analysis time was 2.0 min
and the retention times of retinol and o-tocopherol were
0.83 min and 1.77 min, respectively. For correct detection,
the detector wavelength was switched from 325 nm to
290 nm after 1.2 min. Peak widths were 0.20 min for retinol
and 0.24 min for a-tocopherml. Other performance data for
UPLC are discussed below in the critical comparison of
UPLC analysis with use of particulate and monolithic
columns for assay of the vitamins. Use of classical HPLC,
with particulate and monolithic columns, for this purpose has
been reported elsewhere [5].

The conditions used for each tvpe of chromatography are
compared in Table 1. Methanol was always used as mobile
phase (MP) and all the stationary phases were based on
octadecylsilica; there were, however, significant differences
between other properties of the columns used, especially
particle size, porosity (monolithic column), internal diameter,

Table 1 Comparison of chromatographic conditions

and column length. As would be expected, analysis time was
longest for the conventional HPLC particulate column. The
monolithic column, because of its porous structure and much
lower back-pressure, can operate with higher MP flow rates,
resulting in fourfold faster analysis than on the particulate
column. Better resolution, speed, and sensitivity were
obtained by use of the UPLC column packed with 1.7-um
particles, but at higher back-pressure, which the UPLC
system can resist. Because of the high separation efficiency,
small particle size, and narrow column internal diameter,
UPLC uses very low mobile-phase flow rates and analysis
times are short. In summary, use of monolithic and UPLC
columns results in time saving of approximately 7 h for
analysis of one-hundred samples. Chromatograms obtined
from analysis of human serum samples by use of all three
chromatographic systems studied are shown in Figs. 1, 2 and 3.

There is, however, almost no difference between analysis
times on the monolithic and UPLC columns. When a 50-mm
UPLC column was tested for separation of the standard
mixture even shorter retention times were obtained with
similar or lower flow rates; when these conditions were used
for analysis of serum, however, resolution of target analytes
from ballast compounds was poor. These problems might be
because of the complexity and variability of the serum
matrix, which is, even after extraction, still contaminated
with interfering compounds. Mobile phase consumption in
UPLC is approximately one fifth that in HPLC with a
monolithic column, which is economically important to
laboratories processing large numbers of samples. When
the different internal diameters of the columns are taken
into account (4.6 mm for the monolithic column), this effect

Stationary phase

UPLC column

Bridged ethylsiloxane/silica,
hybrid C, 5 particles

Particulate column

C 5 reversed-phase

Monolithic column

C g monolithic
reversed-phase

Column dimensions

100 mm=2,1 mm id., 1.7 um

150 mm=4.6 mm id, § um

100 mm =46 mm id.

Mohile phase 100% methanol 100% methanol 100% methanol
Mobile phase flow rate {mL min ]) 0.48 1.50 2.50
Retention time (min) Retinol 0.8 2.0 0.8
a-Tocopherol 1.8 53 1.4
Analysis time (min) 2.0 6.0 1.8
System pressure {psi)® 4800-4900 9501000 470-500
Mobile phase consumption (mL)h 96 Q00 450
Column price (€) 743 304 626
Approximate column lifetime® 2200 700 1200
Costs (€)™ 36 72 4
Time saving™* 6 h 40 min 7h

*System pressure one first use of the column
® Calculated for one hundred injections

“Expressed as the number of analyses without any change of the initial properties.
4 Approximate calculation; comprises mobile phase consumption and column cost; does not include instrument price.

*Comparison of monolithic and UPLC columns with the particulate column.
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Fig. 2 UV absorption chromatogram from analysis of retinol and a-
tocopherol in patient serum using the monolithic column. The
concenfrations of retinol and a-tocopherol were 1.89 and 1876 pmeol

on solvent consumption can, nevertheless, be regarded as
insignificant.

We calculated the approximate cost of analysis of one
hundred samples, taking into consideration mobile-phase
consumption and column price. For the latter we took account
of both price and column lifetime. Our experience of analysis
of many sets of samples is that approximately 700 analyses
are possible on the Pecosphere particulate column whereas
more than 1800 injections are possible on the Chromolith
column without noticeable changes in separation efficiency,
retention times, or back pressure. Because of the insufficiency
of our own data relating to UPLC column lifetime, we
calculated the cost of UPLC on the basis of information in the
literature. An Acquity UPLC BEH C,g column used for
analysis of protein-precipitated rat plasma maintained initial
peak capacity and selectivity for over 2200 injections [34].
Although the most economical system seems to be UPLC,
the markedly higher price should also be taken into
consideration.

Another interesting comparison of monolithic and UPLC
columns for analysis of drug metabolites in urine has been
published [24]. UPLC was approximately three times as
sensitive and enabled detection of more metabolites than

i
L', respectively. Detection performed at 325 nm (retinol) and 290 nm
(o-tocopherol). Retention times: retinol, 0.8 min; a-tocopherol,
1.4 min

the monolithic column. Although consumption of mobile
phase was a factor of four lower in UPLC, retention times
were longer than on the monolithic column. It is apparent
both from this work and from our results that monolithic
stationary phases enable substantial time saving but at the
cost of high mobile-phase consumption. Although such
time saving is not always possible with UPLC, its benefits
include use of much less mobile phase.

Validation

Validation data for analysis of retinol and w-tocopherol by
use of the three chromatographic systems are compared in
Table 2. Application of internal validation requirements
reveals all the data are acceptable; there are, however, slight
differences between some of the values.

Area and retention time repeatability for retinol are perfect
for analysis by UPLC, not exceeding 0.5% RSD. The
excellent injection precision is ensured by the partial loop
with needle-overfill injection mode developed by Waters for
the Acquity UPLC system. In this mode the needle and the
valve are first overfilled with sample while the loop is in-line
with the pump. When the loop is switched to off-line, the
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Fig. 3 UV absorption chromatogram from analysis of retinol and a-
tocopherol in patient serum using the pariculate column. The
concentrations of retmol and a<tocopherol were 1.13 and 1333 pmol

syringe fills the loop with the appropriate volume of sample.
To complete the injection the valve is switched back to in-line
direction. With full-loop injection, this type of sample
mjection 15 among the most precise mjection techniques.
The correlation coefficients show that response is a linear
function of concentration in the calibration ranges selected.

Iable 2 Comparison of validation data for retinol and a-tocopherol

mun
L', respectively. Detection was performed at 325 nm (retinol) and
290 nm (o-tocopherol). Retention times: retnol, 2.0 min; a-tocoph-
erol, 5.3 min

Accuracy, determined for spiked human serum, is best for
conventional HPLC and UPLC. Although method sensitivity
is expected to be higher for UPLC than for the other two
techniques, this was not apparent for retinol analysis.
Similar validation data were obtained for assav of o-
tocopherol. The detection and gquantification limits also

Retinol a-Tocopherol
UPLC Particulate Monolithic UPLC Particulate Monolithic
column column column column

Area repeatability (RSD%) 0.51 451 558 0.62 091 593
Retention time repeatability (RSD%) 011 0.08 010 0.21 0.29 0.37
Accuracy ['RSD’%)“’ 3.78 324 598 461 1.68 2.06
Calibration range (umol L by 0.25-10.00 0.50-10.00 0.25-10.00 0.50-50.00 5.00-50.00 0.50-50.00
Correlation coefficient (Rz) 0.9997 0.9992 0.9999 0.9999 0.9996 0.9997
LOD (umol LY 0.019 0.020 0.020 0.05 0.10 0.10
LOQ (umol L h 0.06 0.07 0.07 0.15 0.30 0.30

“Retinol-serum spiked with 0.5 pmol L ! retinol; spike volume 5 pl.

* a-Tocopherol-serum spiked with 5.0 umol L™ a-tocopherol; spike volume 5 pl.

“Linearity was measured for six concentration levels.
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showed that UPLC was the most sensitive method for
analysis of o-tocopherol.

Conclusion

A novel UPLC method for determination of retinol and
a-tocopherol in human serum has been presented as a tool
suitable for clinical monitoring of these compounds in
serum. The developed and validated UPLC method was
compared with two other chromatographic methods—
conventional HPLC with a particulate column and HPLC
with a monolithic column. Analysis time, sensitivity,
mobile phase consumption, validation data, and demands
on instrument equipment and operation were compared for
all three methods.

UPLC, and HPLC with a monolithic column, are
valuable methods for routine monitoring of oncological
patients before and during ftreatment with aromatase
inhibitors. The appropriate method should be low cost and
highly sensitive, reproducibility should be acceptable,
analysis time should be short, and the method should be
simple to perform; all these requirements are met by both
methods. Surprisingly, in our work UPLC analysis took
slightly longer than analysis with the monolithic column;
mobile phase consumption was almost a factor of five
lower, however. UPLC, and HPLC with a monolithic
column, are both ideal for busy laboratories analysing large
numbers of samples.
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Abstract. Background: Among other actions, chemotherapy
may induce an activation of systemic inflammatory and
immune response. Patients and Methods: Urinary neopterin
was  evaluated, using  high-performance liquid
chromatography, before and during dose-dense combination
chemotherapy with doxorubicin, cyclophosphamide and
sequential paclitaxel (neoadjuvant or adjuvant) in 194
patients with breast carcinoma. Hemoglobin, peripheral
blood cell count and, in a subgroup of patients, iron
metabolism were also evaluated. Results: Urinary neopterin
increased significantly during the chemotherapy. The
increase in urinary neopterin was accompanied by a gradual
decrease of hemoglobin. A marked increase in serum ferritin
concentration was observed during the chemotherapy, along
with fluctuations of iron concentrations. Among 161 patienis
treated with primary chemotherapy, the pathological
response was evaluable in 150. Pathological complete
response was observed in 37 cases (23% ). In patients with
pathological complete response, significantly lower serum
ferritin concentrations were observed. Conclusion: Present
data demonstrate the presence of systemic immune
reflected in increased neoptertn
concentrations, in breast carcinoma patients treated with
dose-dense chemotherapy. Lower ferritin concentrations
were predictive of pathological complete response.

activation, urinary
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Breast carcinoma is the most common malignant disease of
women in the Western world (1). The progress accomplished
in the treatment of breast cancer over the past decades is now
reflected in improved survival. There is strong evidence that,
in addition to early diagnosis, much of the improvement of
the prognosis of women with breast cancer results from the
use of systemic therapy, such as hormonal treatment and
chemotherapy (2). The results of randomized clinical trials
as well as the meta-analysis of these trials indicate that
neoadjuvant and adjuvant strategies of chemotherapy
administration give equivalent results in terms of overall
survival (3-6). Currently, there is no single universally
accepted regimen of adjuvant or neoadjuvant chemotherapy.
There is a consensus that, unless contraindicated, adjuvant
or neoadjuvant chemotherapy regimen in high-risk patients
should include an anthracycline, and most currently used
regimens of primary systemic chemotherapy comprise
anthracycline-based combinations with or without taxanes.
Based on earlier randomized clinical trials, the standard
regimen used in our center for primary chemotherapy or
adjuvant treatment of high-risk patients has combined the
dose-dense administration of & combination of doxorubicin
and cyclophosphamide (7), as well as sequential weekly
paclitaxel administration (8).

Among other actions, chemotherapy may induce activation
of systemic inflammatory and immune response (9. 10). The
presence of systemic inflammatory or immune response may
be assessed by measuring serum or plasma cytokine
concentrations. A significant problem associated with this
approach is represented by occasional marked fluctuations of
systemic cytokine concentrations, even within a short time
frame. Moreover, if the presence of systemic immune or
inflammatory reaction is to be determined over a longer
period, the investigations may be hampered by the need for
repeated venepuncture and visits. Measurement of urinary
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neopterin may represent an alternative method for the
assessment of systemic immune and inflammatory response
when repeated measurements over a prolonged period of
time are required (11). Intensive chemotherapy is also
frequently accompanied by anemia that could also be
associated with systemic immune activation (12).

In the present study, we evaluated urinary neopterin,
hemoglobin and peripheral blood cell count in breast
carcinoma patients treated with dose-dense combination of
doxorubicin. cyclophosphamide and sequential paclitaxel.
Iron metabolism was also evaluated in a subgroup of patients.

Patients and Methods

Patients. One hundred and ninety-four patients, 193 females and 1
male, aged (meantstandard deviation) 5110 (range 27-71) years, with
stage II-TV (limited metastatic disease) histologically verified breast
carcinoma were evaluated in the present study, The patients were
treated with a dose-dense regimen combining doxorubicin and
cyclophosphamide (7) with sequential weekly paclitaxel administration
(8). The regimen consisted of 4 doses of doxorubicin (60 mg/m?) and
cyclophosphamide (600 mg/m?) administered at 14-day intervals
followed by 12 doses of paclitaxel (90 mg/m?) administered at weekly
intervals, Granulocyte colony-stimulating factor (filgrastim, 480 pg
subcutaneously for 2-5 doses) was administered after each dose of
doxorubicin and cyclophosphamide and, in cases of neutropenia, also
during the weekly paclitaxel administration. In 161 patients, the
chemotherapy was administered as the primary treatment, followed, in
most cases, by surgery. Pathological response was evaluated based on
criteria described by Chevallier ef a/. (13). In 33 patients, the treatment
was administered as adjuvant after primary surgery.

Urine samples were obtained before the start of therapy and then
at weekly intervals after the administration of each doxorubicin/
cyclophosphamide cycle, before the next cycle, before each
administration of paclitaxel and one week after the last paclitaxel
administration. Samples of urine and peripheral blood were obtained
before the administration of chemotherapy in the moming hours. A
sample of peripheral blood for determination of the peripheral blood
cell count was obtained at each of these visits as a part of routine
clinical care. Peripheral blood cell count was performed
immediately and morning urine specimens were collected and stored
at -20°C until analysis.

Determinaiion of urinary neopterin. Urinary neopterin was measured
by high-performance liquid chromatography. Briefly, after
centrifugation (5 min, 1300 xg) and dilution of 100 pl of urine
specimens with 1.0 ml of mobile phase containing 2 g of disodium-
EDTA per liter, a 20 pl sample was injected onto an SGX CI8
(5 pm, 3.3x150 mm: Tessek. Prague, Czech Republic), or Shodex
Asahipak ODP-50 4D column (150x4.6 mm; Showa Denko,
Kawasaki. Kanagawa, Japan). Neopterin was determined using a
high-performance liquid chromatography system LC1084A (Hewlett-
Packard. Palo Alto. USA) with an HP 79850 A integrator (Hewlett-
Packard) and MPF-3 detector (Perkin-Elmer, Norwalk, USA), or
Prominence LC20 (Shimadzu, Kyoto, Japan). Potassium phosphate
buffer (15 mmol/l, pH 6.4) at a flow rate of 0.8 ml/min was used as
mobile phase. Neopterin was identified by its native fluorescence
(353 nm excitation, 438 nm emission) and quantified by external
standard method. Creatinine was determined by Jaffé reaction after

dilution of samples 1:50 (v/v) on a Hitachi 716 analyzer (Tokyo,
Japan) with a commercial kit (Bochringer. Mannheim, Germany)
according the manufacturer’s instructions. and neopterin
concentrations were expressed as a ratio neopterin/creatinine
{pmol/mol creatinine) as described elsewhere (14).

Analysis of hemoglobin and peripheral blood cell counts. Peripheral
blood cell count was performed as described elsewhere (15).
Leukocytes were detected by flow cytometry and platelets by an
impedance method using a Sysmex XE-2100 blood analyzer
(Sysmex, Kobe, Japan). A manual differential blood cell count was
performed simultaneously, Hemoglobin was measured by a
photometric method using sodium lauryl sulfate.

Measurement of serum iron, unsaiurated iron-binding capaciry and

Serritin, Serum iron concentrations and unsaturated iron-binding

capacity were determined using commercial kits (MODULAR,
Hoffmann-La Roche, Basel, Switzerland). Iron-binding capacity is
the sum of the unsaturated iron-binding capacity and serum iron.
Serum ferritin concentration was determined using an Axsym
analyzer (Abbott, Chicago. IL, USA). The assays were performed
according the manufacturers’ instructions.

Staristical analysis. The parameters investigated in different groups
of patients were compared by Mann-Whitney U-test, before and
during the treatment by Wilcoxon signed rank test, and correlations
were investigated with Spearman’s rank correlation. The decision
on statistical significance was based on p=0.05. The analyses were
performed using NCSS software (Number Cruncher Statistical
Systems., Kaysville, UT, USA).

Results

Urinary neopterin during the dose-dense chemotherapy.
Basceline parameters were significantly different in patients
treated with primary (neoadjuvant) chemotherapy compared
to patients treated after primary surgery in the adjuvant
setting. Urinary neopterin was significantly (p<0.05) higher
and hemoglobin was significantly lower in patients treated
in the neoadjuvant setting, while peripheral blood platelet,
leukocyte, polymorphonuclear cell, monocyte and
lymphocyte counts were similar in both groups.

Urinary neopterin increased significantly during the
chemotherapy both in the neoadjuvant (Table I) and the
adjuvant (Table II) groups, but the increase was more
pronounced in patients treated in the neoadjuvant setting.
Compared to baseline (visit 0), urinary neopterin was
significantly higher on all subsequent visits in patients
treated with neoadjuvant chemotherapy (Figure 1). In
contrast, compared to baseline, only the means of visits 1-8
and 9-20 were higher in the adjuvant group, with the
difference reaching significance only at visit 13 (Figure 2).

Hemaoglobin and peripheral blood cell count during dose-dense
chemotherapy. The increase in urinary neopterin  was
accompanied by a gradual decrcase in hemoglobin
concentrations in both groups (Tables 1 and II; Figures | and
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neopterin may represent an alternative method for the
assessment of systemic immune and inflammatory response
when repeated measurements over a prolonged period of
time are required (11). Intensive chemotherapy is also
frequently accompanied by anemia that could also be
associated with systemic immune activation (12).

In the present study, we evaluated urinary neopterin,
hemoglobin and peripheral blood cell count in breast
carcinoma patients treated with dose-dense combination of
doxorubicin. cyclophosphamide and sequential paclitaxel.
Iron metabolism was also evaluated in a subgroup of patients.

Patients and Methods

Parients. One hundred and ninety-four patients, 193 females and 1
male, aged (mean+standard deviation) 51410 (range 27-71) years, with
stage [1-1V (limited metastatic disease) histologically verified breast
carcinoma were evaluated in the present study. The patients were
treated with a dose-dense regimen combining doxorubicin and
cyclophosphamude (7) with sequential weekly paclitaxel admuinistration
(8). The regimen consisted of 4 doses of doxorubicin (60 mg/m?) and
cyclophosphamide (600 mg/m?) administered at 14-day intervals
followed by 12 doses of paclitaxel (90 mg/m?) administered at weekly
intervals. Granulocyte colony-stimulating factor (flgrastim. 480 pg
subcutancously for 2-5 doses) was administered after each dose of
doxorubicin and cyclophosphamide and, in cases of neutropenia, also
during the weekly paclitaxel administration. In 161 patients. the
chemotherapy was administered as the primary treatment, followed, in
most cases, by surgery. Pathological response was evaluated based on
criteria described by Chevallier er al. (13). In 33 patients, the treatment
was administered as adjuvant after primary surgery.

Urine samples were obtained before the start of therapy and then
at weekly intervals after the administration of each doxorubicin/
cyclophosphamide cycle, before the next cycle, before each
administration of paclitaxel and one week after the last paclitaxel
administration. Samples of urine and peripheral blood were obtained
before the administration of chemotherapy in the morning hours. A
sample of peripheral blood for determnation of the peripheral blood
cell count was obtained at cach of these visits as a part of routine
clinical care. Peripheral blood cell count was performed
immediately and morning urine specimens were collected and stored
at —20°C until analysis.

Determination of urinary neopierin. Urinary ncopterin was measured
by high-performance liquid chromatography. Briefly, after
centrifugation (5 min, 1300 xg) and dilution of 100 pl of urine
specimens with 1.0 ml of mobile phase containing 2 g of disodium-
EDTA per liter, a 20 pl sample was injected onto an SGX CI8
(5 pm, 3.3x150 mm: Tessek. Prague, Czech Republic). or Shodex
Asahipak ODP-50 4D column (150x4.6 mm: Showa Denko,
Kawasaki, Kanagawa, Japan). Neopterin was determined using a
high-performance liquid chromatography system LC1084A (Hewlett-
Packard, Palo Alto, USA) with an HP 79850 A integrator (Hewlett-
Packard) and MPF-3 detector (Perkin-Elmer, Norwalk, USA), or
Prominence LC20 (Shimadzu, Kyoto, Japan). Potassium phosphate
buffer (15 mmol/l, pH 6.4) at a flow rate of 0.8 ml/min was used as
mobile phase. Neopterin was identified by its native fluorescence
(353 nm excitation, 438 nm emission) and quantified by external
standard method. Creatinine was determined by Jaffé reaction after

dilution of samples 1:50 (v/v) on a Hitachi 716 analyzer (Tokyo,
Japan) with a commercial kit (Boehringer, Mannheim, Germany)
according the manufacturer’s instructions, and neopterin
concentrations were expressed as a ratio neopterin/creatining
(pmol/mol creatinine) as described clsewhere (14).

Analysis of hemoglobin and peripheral blood cell counis, Peripheral
blood cell count was performed as described elsewhere (15).
Leukocytes were detected by flow cytometry and platelets by an
impedance method using a Sysmex XE-2100 blood analyzer
(Sysmex, Kobe, Japan). A manual differential blood cell count was
performed simultaneously. Hemoglobin was measured by a
photometric method using sodium laury! sulfate.

Measurement of serum iron, unsaturated iron-binding capacity and
ferritin. Serum iron concentrations and unsaturated iron-binding
capacity were determined using commercial kits (MODULAR,
Hoffmann-La Roche, Basel, Switzerland). Iron-binding capacity is
the sum of the unsaturated iron-binding capacity and serum iron.
Serum ferritin concentration was determined using an Axsym
analyzer (Abbott, Chicago, IL. USA). The assays were performed
according the manufacturers’ instructions.

Statistical analysis. The parameters investigated in different groups
of patients were compared by Mann-Whitney U-test, before and
during the treatment by Wilcoxon signed rank test, and correlations
were investigated with Spearman’s rank correlation. The decision
on statistical significance was based on p=0.,05. The analyses were
performed using NCSS software (Number Cruncher Statistical
Systems, Kaysville, UT, USA).

Results

Urinary neopterin during the dose-dense chemotherapy.
Baseline parameters were significantly different in patients
treated with primary (neoadjuvant) chemotherapy compared
to patients treated after primary surgery in the adjuvant
setting. Urinary neopterin was significantly (p<0.05) higher
and hemoglobin was significantly lower in patients treated
in the necoadjuvant setting, while peripheral blood platelet,
leukocyte, polymorphonuclear cell, monocyte and
lymphocyte counts were similar in both groups.

Urinary neopterin increased significantly during the
chemotherapy both in the neoadjuvant (Table I) and the
adjuvant (Table II) groups, but the increase was more
pronounced in patients treated in the neoadjuvant setting.
Compared to baseline (visit 0), urinary neopterin was
significantly higher on all subsequent visits in patients
treated with ncoadjuvant chemotherapy (Figure 1). In
contrast, compared to baseline, only the means of visits 1-8
and 9-20 were higher in the adjuvant group, with the
difference reaching significance only at visit 13 (Figure 2).

Hemaglobin and peripheral blood cell count during dose-dense
chemotherapy. The increase in urinary ncopterin was
accompanied by a gradual decrease in hemoglobin
concentrations in both groups (Tables I and II: Figures 1 and
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Table 1. Urinary neopterin, hemoglobin and peripheral blood cell count in patients ireated with neoadjuvant chemotherapy (n=161).

Parameter Visit 0 (Baseline) Visits 1-8 Visits 9-20

Neopterin (wmol/mol creatinine)
Hemoglobin (g)

Platelets (10%/1)

Leukocytes (10911)

Neutrophils (per pl)

Monocytes (per l)
Lymphocytes (per pl)

1578 (148; 23-1,116)
14141 (142; 96-170)
266+35 (260; 106-619)
6.7+0.1 (6.4;3.0-12.3)
4,463+122 (4411; 1,115-9,314)
398117 (352: 0-1,146)
1615450 (1.476; 536-3 854)

19326 (186; 53-484)!
11741 (118; 83-143)!
2054 (204; 93-360)!
56£0.1 (53:30-12.7)!
3,666%112 (3,320; 1 400-10,034)!
41914 (397; 125-1.171)?
1,287+30 (1,245; 511-2,746)!

2137 (199; 79-516)15
11341 (112; 86-137)14
26244 (260; 101-418)34
5.1£0.1 (4.7:32-10.1)16
3,325+83 (3,070; 1,525-6,808) 17
336+10 (319; 123-828)24
1,265£30 (1,223; 583-2,575)1 &

The Table indicates pre-treatment (visit (1) and average values of respective parameters during the dose-dense doxorubicin/cyclophosphamide (mean,
visits 1-8) as well as weekly paclitaxel (mean, visits 9-20) chemotherapy. Mean (xstandard error of the mean), median and range are shown.
1p<0.00001; 2p<0.001: and *not significant compared to baseline (visit 0); 4p<0.00001; 3p<D 0001; 8 <0.001: 7p<0.05 and 3not significant compared
to the mean of visits 1-8.

Table IL. Urinary neopierin, hemoglobin and peripheral blood cell count in patienis treated with adjuvant chemotherapy (n=33).

Parameter Visit 0 Visits 1-8 Visits 9-20

Neopterin (pmol/mol creatinine)
Hemoglobin (g/1)

Platelets (10%1)

Leukocytes (1091)

Neutrophils (per ul)

Monocytes (per pl)
Lymphocytes (per pl)

328298 (163; 44-2,791)
135£2 (137; 100-158)
27112 (260; 176-474) 198+9 (188; 92-314)!
6.120.3 (5.7: 3.1-12.2) 5420.3(52:3.1-10.8)%
4 0404280 (3,494; 1,915-7,802) 3.559+237 (3.246; 1,768-8,716)%
371428 (365; 63-910) 40925 (400; 154-848)7
1.555£124 (1368; 514-3.779)  1,194+56 (1,247; 396-1.830)3

218+12 (207; 120-373)4
1142 (114; 96-152)!

228416 (202; 88-507)47
114£2 (114; 85-134)17
265+11 (256; 154-403)56
5.1£0.2 (4.8; 3.3-104)37
3440£212 (3214 1,985-8,102)57
344423 (346; 105-814)57
1.159£72 (1,043: 411-2 (028)27

The Table indicates pre-treatment ( visit 0) and average values of respective parameters during the dose-dense doxorubicin/cyclophosphamide (mean
visits 1-8) as well as weekly paclitaxel (mean visits 9-20) chemotherapy, Mean (£standard error of the mean), medan and range are shown,
Ip<D 00001; 2p<0,001; 3p<D.01; “p<D.05 and Snot significant compared to baseline (visit 0): 5p<0.00001; and "not significant compared to the mean

of visits 1-8.

of each cycle of doxorubicin/cyclophosphamide combination
was followed by a significant rise in serum iron
concentration that decreased to pretreatment levels at the
visit between the cycles. Serum iron concentrations
decreased significantly after the administration of the last
cycle of doxorubicin and cyclophosphamide and during the
paclitaxel administration (starting at visit 8).

The iron-binding capacity decreased significantly during
the administration of dose-dense doxorubicin  and
cyclophosphamide, but increased slightly during the
paclitaxel administration, and a significant decrease of iron-
binding capacity was evident from visit | through visit I8
(Figure 5).

Relation of the investigated parameters to the therapeutic
response. Among 161 patients treated with primary
chemotherapy, the pathological response was evaluable in
150 cases. Pathological complete response was ohserved in
37 cases (25% ). Patients who subsequently had pathological
complete response had significantly lower baseline
hemoglobin concentrations (meantstandard error of the
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mean: 13911 vs, 142+10 g/l; p=0.02) and lower urinary
neopterin at the end of therapy (visit 205 17212 vs. 232£12
pmol/mol creatinine; p=0.02). but no other consistent
ditferences were observed between the patients with and
those without pathological complete response in urinary
neopterin, hemoglobin and peripheral blood cell counts
during therapy.

Among 24 patients treated with neoadjuvant
chemotherapy in whom iron metabolism was investigated,
pathological complete response was observed in 12, In
patients with pathological complete response, a significantly
lower serum ferritin (Figure 6) and significantly higher iron-
binding capacity were found (Figure 7).

Discussion

The present data demonstrate the presence of systemic
immune and inflammatory response, reflected in an increase
of wurinary neopterin  during dose-dense neoadjuvant
chemotherapy. A rise in neopterin concentrations was less
pronounced in patients treated with the same dose-dense
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9 10 11 12 13 14 15 18 17 18 19 20
Visit

01 2 3 4 58 7 8

Figure 5. Serum iron and iron-binding capacity during the course of
chemotherapy. Serum iron (civeles) and iron-binding capacity (squares)
were determined as described in Patients and Methods. Means with 95%
confidence limits indicated by dashed lines are shown. Compared to
baseline (visit 0), serum iron was significamly (p<0.0002) higher at
visits 1, 3, 5 and 7, and lower (p<0.05) at visits & through 2(1. The iron-
binding capacity was significantly (p<i0.05) lower af visits 1 through 18.

regimen in the adjuvant setting because of significantly higher
initial neopterin concentrations. An increase in serum or
urinary neoplerin concentrations in cancer patients has been
amply documented (11, 16), but neopterin concentrations are
increased only in a minority of patients with breast carcinoma
(17). The observation of increased urinary ncopterin after
neoadjuvant chemotherapy is in agreement with the reports
of increased serum concentrations of pro-inflammatory
cytokines after the administration of taxanes (also in breast
carcinoma in the neoadjuvant setting) (9, 10). Increased
serum levels of pro-inflammatory cytokines have been
associated with flu-like symptoms and fatigue accompanying
paclitaxel administration (9). Higher serum concentrations of
pro-inflammatory cytokines and neopterin have also been
reported in breast cancer survivors suffering from fatigue
(18). Systemic inflammatory and immune activation that
accompanies combination chemotherapy of breast carcinoma
may be responsible for some of the side-effects, notably flu-
like syndrome and fatigue. In a previous study, an increase in
urinary neopterin was associated with changes of other
indicators of immune activation, e.g. CD3*CD69*
lymphocytes (19). Immunomodulatory effects of paclitaxel
that included stimulation of the production of cytokines. e.g.
interleukin- 1, tumor necrosis factor-ct or interleukin- 12, have
been described in experimental studies (20-22). These
immunomodulatory effects could be responsible for the
marked increase in neopterin observed during the weekly
paclitaxel therapy in patients treated with neoadjuvant
chemotherapy.

Neopterin is a  pteridine  produced from  guanosine
triphosphate (GTP) by activated macrophages in a reaction
catalyzed by the enzyme GTP cyclohydrolase 1. The activity

Ferritin (pg/l)
- - (3 »n
8 8 8 &

2

[+ S—

0 1t 2 3 45

6 7 8 © 10 11 12 13 14 15 8 17 18 10 20
Visit

Figure 6. Serum fervitin in patiems with or without parhological
complete response. Serum was determuned as described in Patienty and
Methods. Means of serum ferritin concentrations in paiients with
fcircles) and withowr (squares) pathological complete response are
shown. Serum fervitin was significamly (p<0.05) lower in patients with
pathological complete response at visits I through 5, 10, 12 and 15.

70
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Iron-binding capacity (umoli)
B 8 85

9 1 2 3 4 8 & 7 8 6 017121374 1516171819
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Figure 7. Serum iron-binding capacity in patients with or without
pathological complete response. Serum iron-binding capaciiy was
determined as described in Patients and Methods. Shown are the means
of serum iron-binding capacity in paiients with (civeles) and without
(squares) pathological complete response. Serum tron-binding capacity
was significantly (p<0.05) higher in patienis with pathological complete
response at visits 1, 2.4, 5, and 6.

of GTP cyclohydrolase I is induced by interferon-y (IFN-v)
produced by T-lymphocytes and natural killer cells, and serum
concentrations of this cytokine are reflective of systemic immune
response. However, the production of IFN-y is enhanced by pro-
inflammatory cytokines, such as interleukin-1 and interleukin-6.
The pro-inflammatory cytokines are known to enhance or, to
a lesser degree, induce neopterin production. Thus. systemic
concentrations of neopterin reflect both systemic immune and
inflammatory response (23). Neopterin may be measured not
only in serum, but also in urine, and both serum and urinary
neopterin concentrations have been validated as indicators of
systemic immune and inflammatory response in disorders
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ranging from cancer to viral infections, transplant rejection,
and atherosclerosis. Urinary neopterin concentrations are
relatively stable in cancer patients in the absence of
complications (14). In an earlier study, increase in neopterin
concentrations preceded complications, while a decrease in
urinary neopterin was associated with tumor control (14).

The literature on neopterin as a marker of systemic immune
activation in patients with breast cancer is limited. Urinary
neopterin was reported to be elevated in less than 20% of
patients with breast carcinoma (11, 17). Increased neopterin
was associated with higher grade or advanced disease (11,
17), and neopterin was a significant prognostic factor in both
univariate and multivariate analysis (17). In another study,
slightly elevated serum neopterin concentrations were reported
in breast cancer survivors with chronic fatigue (24). An
increase of neopterin production has been documented after
systemic administration of different cytokines (11) as well as
in breast cancer patients treated with the combination of
paclitaxel and doxorubicin (12). Present data extend the
observation of increased neopterin concentrations associated
with chemotherapy to another regimen. The administration of
filgrastim may also have contributed to the observed increase
of urinary neopterin concentrations.

Chemotherapy-induced anemia is a well documented side-
effect in patients with breast cancer (25). The negative
correlation between neopterin and hemoglobin may be
explained by simultaneous action of cytokines, e.g. IFN-vy,
on both erythropoiesis and neopterin production (26-28). In
addition, pteridines, e.g. tetrahydrobiopterin, may affect
erythropoiesis directly. 7. 8-Dihydroneopterin reduces ferric
to ferrous iron, facilitating the transfer of iron to depository
forms (29). Along with some other cytotoxic drugs,
paclitaxel has been shown to activate macrophages (22, 30).
Systemic immune and inflammatory activation causes a
decline in serum iron and iron-binding capacity, and a
simultaneous increase in depository iron (ferritin), leading
10 a decrease in hemoglobin concentrations. The negative
correlation between the neopterin and hemoglobin
concentrations observed in the present study indicates that
the systemic immune activation reflected in increased
neopterin production may also be involved in the
pathogenesis of chemotherapy-induced anemia. The
administration of the combination of doxorubicin and
cyclophosphamide was accompanied by a significant
increase in serum iron concentrations 7 days after the
administration of therapy, which returned to pretreatment
levels before the next cycle. The mechanism behind the
increase in serum iron concentration that has been observed
after the adminmistration of chemotherapy is poorly
understood (31). The marked increase in serum ferritin levels
may be explained as secondary to this transient increase of
serum iron. The changes of serum iron concentrations,
stimulation of ferritin synthesis and reduction of iron-binding
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capacity were accompanied by a gradual decrease in
hemoglobin concentrations. In an experimental study,
doxorubicin was shown to induce iron accumulation in
ferritin (32). Abnormalities in serum iron or ferritin
concentrations have been demonstrated in patients with
breast carcinoma before therapy (33, 34), but present data
demonstrate that further marked alterations of iron
metabolism occur during dose-dense chemotherapy and
accompany chemotherapy-induced anemia.

The term “pathological complete response™ denotes
complete disappearance of tumor cells in the operative
specimen obtained at definitive surgery after neoadjuvant
chemotherapy (13). Although instances of pathological
complete response are relatively rare (for most regimens,
pathological complete response is achieved in only 10-20%
of patients), pathological complete response is important as it
represents the most significant prognostic parameter in women
undergoing primary chemotherapy (35-38). Interestingly,
pathological complete response in the present study was
associated with lower ferritin concentrations during the
therapy. This clinical observation is in line with experimental
data demonstrating reduced sensitivity of tumor cells to
oxidative damage associated with increased ferritin content
(39). In an earlier study, higher ferritin concentrations were
also found to be predictive of poor response to chemotherapy
in patients with advanced breast carcinoma (34).

In conclusion, the present data demonstrate the presence of
systemic immune activation, reflected in increased urinary
neopterin concentrations, in breast carcinoma patients treated
with dose-dense chemotherapy, especially in those treated with
ncoadjuvant chemotherapy. The increase in ncopterin levels
was associated with a decrease of hemoglobin concentrations
and increased serum ferritin. Lower ferritin concentrations
were predictive of pathological complete response.
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Abstract

Recently, we have observed in patients with ovarian carcinoma an association between intestinal permeability and
prognosis and a correlation between urinary neopterin and parameters of intestinal permeability. In order to exam-
ine prognoestic sigmificance of intestinal permeability in a different group of patients, we have retrospectively ana-
lyzed pretreatment parameters of gastrointestinal permeability and urinary neopterin in 21 consecutive patients
with metastatic colorectal carcinoma treated with the combination of cetuximab. innotecan. leucoverin and 5-flu-
orouracil. Neopterin was determined by high-performance liquid chromatography, and gastrointestinal perme-
ability was assessed by measuring, using capillary gas chromatography, urmnary sucrose, lactulose, xylose, man-
nitol and sucralose after oral challenge. Pretreatment sucrose/mannitol ratio equal or above 0.04 (median survival
10.6 vs. 18.4 months; p = 0.03), sucrose/xylose equal or above 0.02 (12.1 vs. 19 months; p = 0.04) and urimnary
neopterin equal or above 220 umol/mol creatinine (10.6 vs. 18.4 months; p = 0.02) were indicative of poor sur-
vival. A sigmificant correlation was observed between unnary neopterin and sucrose/xylose ratio (1s =037, p=
0.007), while correlation between unnary neopterin and sucrose/mannitol ratio (rs = 0.38, p = 0.096) was of bor-
derline significance. In conclusion, present data demonstrate that gastrointestinal permeability 1s associated with
systemic immune activation and may be of prognostic significance in patients with metastatic colorectal carci-
noma.

Key words: colorectal carcinoma, intestinal permeability, neopterin

Introduction tory response. In fact, we have recently reported a cor-

relation between urinary neopterin and parameters of

The term intestinal permeability 1s used to describe
the barrier function of bowel mucosa, both 11 a meta-
bolic and immunologic sense. Derangements of intes-
tinal permeability have been described 1n patients with
cancer, and further changes are known to occur duning
anticancer therapy (1). Recently, we have observed an
association between intestinal permeability and prog-
nos1s in patients with ovarian carcinoma (2). The prog-
nostic significance of intestinal permeability could be
explained by an association between changes in ntes-
tinal permeability and systemic immune or inflamma-

mtestinal permeability 1n patients with ovarnan carci-
noma (3). The prognostic significance of increased urni-
nary neopterin has been previously characterized both
in gynecological tumors (4) as well as in metastatic
colorectal carcinoma (3).

In order to examine prognostic significance
of intestinal permeability i a different group of
patients, we have retrospectively analyzed pretreat-
ment parameters of intestinal permeability and unnary
neoptenn 1 21 consecutive patients with metastatic
colorectal carcinoma treated with the combination of

Correspondence to: Prof MUDr. Bohuslav Melichar Ph D | Onkologicka khinika, Lekarska fakulta Univerzity Palackeho
a Fakultni nemocnice, LP. Pavlova 6.775 20 Olomouc, Czech Republic.,
Tel +420-583444205; fax +420-588442522; e-mail: bohuslav.melichar@fnel.cz

Preridines/Vol. 19/No. 1

149



20

Melichar B. ef al.: Gastrointestinal Permeability

cetuximab. irinotecan. leucovorin, and 5-fluorouracil.

Patients and Methods

Twenty-one consecutive patients with metastatic
colorectal carcinoma, 14 males and 7 females, aged 62
+ 11 (range 36 - 75) years, were included in the study.
The patients were treated with the combmation of
cetuximab (loading dose 400 mg/m?, subsequently 250
mg/m® weekly) followed by irinotecan (180 mg/m”),
leucovorin (200 mg/m®), and 5-fluorouracil (400
mg'm* bolus and 1200 mg/m’ for 46 hours) every 2
weeks (6), including one patient who received a mod-
tfication of this regimen. All patients had been previ-
ously treated with oxaliplatin, and all but one patient
had been pre-treated with an irinotecan-containing reg-
tmen. Before therapy, testing for gastrointestinal per-
meability and evaluation of urinary neopterin was per-
formed 1n all patients. The protocol was approved by
mstitutional ethical commuttee, and the patients signed
mnformed consent.

To assess gastromtestinal permeability, a pretest
unne sample was collected after an overmight fast to
detect any endogenous manmitol. The patients then
mgested 100 ml of the test solution containing 2 g of
mannitol, 2 g of xylose, 10 g of lactulose, and 25 g of
sucrose i water, and 1 g of sucralose n capsules. The
patients continued fasting for 2 hours, and urine was
collected in two portions for 5 hours and for subse-
quent 19 hours. Lactulose, xylose, sucrose, sucralose
and mannitol were determined by capillary gas chro-
matography, and urinary excretion was expressed as
percentage of the ingested dose of sucrose and
sucralose, and as the lactulose/mannitol, sucrose/man-
nitol, sucrose/xylose and sucralose/mannitol ratios.
Urine samples were stored at -24°C until analysis.

The analyses for determination of mannitol, xylose,
sucrose, sucralose and lactulose in urine were per-
formed as described (3, 7). All chemicals were
obtained from Sigma (St. Louis, MO, USA) Samples
were thawed, spiked with internal standard (phenyl-fi-
D-glucoside) and evaporated under vacuum to dryness
(Eppendorf Concentrator 5301, Eppendorf, Hamburg,
Germany). The dried residues were denivatized by
hydroxylamine in pyridine (75°C for 30 minutes) and
bis(trimethylsillyltrifluoracetamide (75°C for 15 min-
utes). The aliquot of the sample was injected into gas
chromatograph equipped with a non-polar column and
a flame 1omization detector (GC 8000, Fisons
Instruments, Milano, Italy). Chromatographic data
were collected using Clanty software (DataApex,
Prague, Czech Republic). The methed 1s specific as no
mterfering peaks were found. and other mono- and dis-
accharides did not interfere with the sugars used for

PteridinesVol. 19/No. 1

gastrointestinal and colonic permeability testing. The
detection limit (10 mg/l) and gquantitation limit (50
mg/1) for mannitol, xylose, sucrose, sucralose and lac-
tulose were identical. and reproducibility calculated as
coefficient of variation was consistently below 7%.
The quality control was performed by the measure-
ment of customized stored quality control samples
along with each set of samples.

Urinary neopterin was determined as described (5).
Briefly, urine sample were collected and stored at -
20°C until analysis. After centnnfugation (3 muinutes,
1300 g) and diluting 100 pl of urnne specimens with
1.0 ml of mobile phase containing ? g of disodium-
EDTA per liter, samples were mjected ento a column,
and neopterin was determined using high performance
liquid chromatography system Prominence LC20
(Shimadzu, Kvoto, Japan). Neopterin was identified by
its native fluorescence (353 nm excitation, 438 nm
emission wavelengths) and quantified by external stan-
dard method. Creatinine was determined by Jaffé reac-
tion after dilution of the sample 1:50 on a Modular
analyzer (Roche, Basel, Switzerland) using a commer-
cial kit according to the manufacturer's mstructions,
and neopterin concentrations were expressed as
neopterin to creatinine ratio (umol/mol creatinine).

The survival of patients with lactulose/mannitol
equal or above 0.04, sucrose/mannitol equal or above
0.04, sucrose/xylose equal or above 002, sucra-
lose/mannitol ratio equal or above 0.17 and urinary
neopterin equal or above 220 pmol/ml creatinine was
compared to the survival of patients with lower value
of the respective parameters by the log-rank test. These
cutoff limits were selected based on medians of respec-
tive parameters in the studied group. The correlation
was examined by Spearman correlation coefficient. All
statistical analyses were performed using NCSS soft-
ware (Number Cruncher Statistical Systems.
Kaysville, Utah, USA).

Results

At the time of analysis, 18 patients died, and 3
patients were alive, 29 - 31 months after the start of
therapy. The median survival was 12.5 months.
Pretreatment sucrose/mannitol ratio (in 5 hour collec-
tion) equal or above 0.04 (median survival 10.6 vs.
18 4 months; p = 0.03; Figure 1), sucrose/xylose equal
or above 0.02 (12.1 vs. 19 months; p = 0.04) and uri-
nary neoptenn equal or above 220 pmol/mol creatinine
(10.6 vs. 18.4 months. p = 0.02; Figure 2) were also
mdicative of poor survival. In contrast, lactulose/man-
nitel and sucralose/mannitol ratios were not associated
with survival. A trend for lower urinary neopterin con-
centrations and lower sucrose/mannitol, sucrose/xy-
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lose and lactulose/mannitol ratios was observed n
patients surviving 15 months and longer (Table 1).
A significant correlation was observed between uri-

Discussion

Although retrospective and exploratory, present

Table 1. Urnmary neoptenn and parameters of gastrowntestinal permeability i patients surviving less than 15
months and 15 or more months (data are given as means + standard deviations)

parameter

survival P

n=11)

less than 15 months

15 months and more

(n=10)

neopterin (umeol/mol 404 £ 328

creatinine)

205112 0.08

lactulose/mannitol ratio

0.09+0.10

0.04+0.03

sucrose/mannitol ratio

0.07 £0.08

0.02+0.02

sucrose/xylose ratio 0.04 £0.03

0.03+0.03

sucralose/mannitol ratio

0.23+034

0.28+0.23 0.25

survival (%)
=

10 - |

D T T T T T
0 6 12 13 24 30

time (months)

Figure 1. Kaplan-Meier survival curves of patients
with sucrose/mannitol ratio below (full line) versus
equal or above (dashed line) 0.04. The respective
median survival was 10.6 vs. 18 4 months (log-rank
test, p= 0.03).

nary neopterin and sucrose/xvlose ratio (r, = 0.57, p=
0.007; Figure 3), while correlation between urinary
neopterin and sucrose/mannitol ratio (r, = 0.38, p =
0.096) was of borderline significance.

survival [ %)

0 ] 12 18 24 a0
time (months)

Figure 2. Kaplan-Meier survival curves of patients
with neopterin below (full line) versus equal or above
{dashed line) 220 pmol/mol creatinine. The respective
median survival was 10.6 vs. 18.4 months {log-rank
test, p=0.02).

data represent another indication that gastrointestinal
permeability could represent a prognostic factor in

patients with advanced cancer An increase in
sucrose/mannitol and sucrose/xylose ratios indicates a

Pteridines/Vol. 19No. 1
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derangement of gastroduodenal permeability.
Increased lactulose/manmitol ratie. that reflects
changes in the permeability of small bowel mucosa,
was not indicative of prognosis in the present cohort
that was, however, of limited size. A significant corre-
lation was observed between sucrose/xylose ratio and
urinary neopterin, and the correlation between
sucrose/mannitol and neopterin was of borderline sig-
nificance. A trend for higher neopterin and parameters
of gastrointestinal permeability in patients surviving
less than 15 months has not reached statistical signifi-
cance, probably due to the limited size of the cohort.

Urinary neopterin is an indicator of systemic
immune response. In earlier studies in patients with
colorectal carcinoma, increased unnary neopterin was
associated with inferior prognosis in both univariate
and multivanate analyses (5, 8). Present data indicate
that systemic immune and inflammatory response in
cancer patients 1s associated with increased permeabil-
1ty of gastrointestinal mucosa. and this association may
explain the prognostic significance of increased gas-
tromntestinal permeability. The measurement of gas-
tromtestinal permeability has been used to follow the
changes of bowel function associated with therapy (1).
IMore recently, we have demonstrated that increased
lactulose/manmitol ratio may predict the toxicity of
cytotoxic chemotherapy (9). The measurement of gas-
tromntestinal permeability could thus represent a useful
laboratory method for follow up of cancer patients.
However, the measurement of intestinal permeability
is relatively demanding in terms of logistics. Neopterin
correlates with the parameters of gastrointestinal per-
meability (3) and has been shown to be prognostic fac-
tor (5, 8) and a predictor of toxicity (3). Therefore,
measurement of neopterin could be more practical,
especially 1f repeated measurements are required.
IMoreover, present data indicate that urinary neopterin
1s mdicative of prognosis not only in cancer patients
before the start of therapy, but also in patients before
the subsequent lines of treatment. including the combi-
nation of chemotherapy and biclogical therapy. in this
case the combination of cetuximab and chemotherapy.
Present data are retrospective, 1.e. hypothesis-generat-
ing, and should obviously be reproduced in a larger
prospective cohort.

In conclusion, present data demonstrate that gas-
trointestinal permeability is associated with systemic
immune activation and may be of prognostic signifi-
cance in patients with metastatic colorectal carcinoma.
Urinary neopterin 1s a prognostic factor also in patients
treated with the combination of cetuximab and
chemotherapy.

PtenidinesVol. 19/No. 1
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Optimization and validation of HPLC method for simultaneous
determination of vitamins A and E in human serum using monolithic

column and diode-array detection
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Vitamin A (retinol)
Repeatability-area (RSD): 4.46% (n=10)
Repeatability-retention time (RSD): 0,16% (n=10)
Accuracy-recovery: 100,0%(n=3)
Accuracy-(RSD): 6.93%
Calibration range: 0,25 - 10 pmoll
Linearity: ¥=36293x + 53138
Correlation coefficient: R*=0,9999
LOD: 0,005 pmol1
LOQ: 0,01 umoll

Vitamin E (o-tocopherol)

Repeatability-area (RSD): 3,73%(n=10)
Repeatability-retention time (RSD): 0,63% (n=10)
Accuracy-recovery: 100.3%(n=3)
Accuracy-(RSD): 2.40%
Calibration range: 0.5 - 50 pmol/l
Linearity: y=59165x + 625,92
Correlation coefficient: R*=09997
LOD: 0,1 pmold
LOQ: 0.3 pmoll
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Introduction

Absorption test of vitamin A ed for monitoring of intestinal permeability and may represent a

sensitive indicator of intestinal damage. Tn this present study. a simple and rapid reversed-phase high-
performance liquid chromatography (RP-HPLC) procedure for selective and sensitive determination

of retinol. a-tocopherol. retinyl-palmitate and retinyl-stearate in blood serum has been developed and

used for the monitoring of intestinal mucosal damage in cancer patients treated with evtotoxic drugs

alier absorption test of vitamin A

Vitamin A absorption test:
For practical assessment of the method. the vitamin A absorption test was performed. Blood samples
were drawn from the peripheral vein after twelve hours ovemnight fast and they were marked as

sample one. These samples were centrifuged (1600 x g. 10 min. 16°C) and the serum was separated

and stored at —85°C. Then

nele oral dose of vitamin A (360000 TU) was administered to patients

The second blood sample was collected five hours after administration of the dosage of vitamin A and
processed by the same procedure. The institutional ethical committee approved the protocol of this

study and all patients

ed an informed consent to participate into the study

Aim
The aim of this study was a development of a novel, simple and rapid
reversed-phase HPLC procedure for selective and sensitive determination
of retinyl esters in blood serum. The method was used for sample analysis

of oncology patients for monitoring changes of intestinal permeability
after treatment by chemotherapy.

1, Hradec Kralové, Czech Republic

Methods

the liquid-liquid extraction (LLE) pro

Sample preparatio ine:toluene

dure. 2500 pl of n-he

8:2 (v/v) mixture was added to 500 pl of serum and extracted for 3 min by a shaker. The mixture was
deproteinized by cool ethanol denatured with 5 ®» methanol (300 pl. 5 min. 4°C) and extracted for
tion (1600 x g. 10 min, 0°C). the aliquot (2000 ml) of

5 min by the same apparatus. After cenlrl

the clean extract was separated. Another 2000 pl of n-hexane:toluene 8:2 (v/v) mixture was added to

the rest of serum sample for repeating of the extraction process. The collected clean exiract was

evaporated by vacuum concentrator. Than the residue was dissolved i 100 pl of n-hexane and

300 ul of methanol and finally 20 ul of the

CH, CH, CH,

mple was injected onto the chromatographic column.

Chromatography: The analvses were
R performed using the Perkin Elmer HPLC
O/ set (Norwalk. TUSA) comprising of a
LC 200 pump. a LC 200 autosampler,

CH retinol R=H

5 LC Column Oven 101 thermostat and
retinyl-p: e R=C)H,0 Lc

it R=CH O = T
e 1 to the Perkin Elmer Turbochrom

diode Array Detector aftached

retinyl-sten

nd

phy Workstation version 4.1 Separation of retinol. c-tocopherol, retinyl-palmits

retinyl-stearate were performed using the Chromolith Performance RP-18e. 100 x 4.6 mm monolithic

column Merek (Darmstadt. Germany). The gradient elution was used at the flow rate 3 ml min™";
mobile phase methanol:water 95:3 (v/v) in 0-2.1 min and methanol:2-propanel 60-40 (v/v) in 2.1-

ter LC Oven 101 {Perkin Elmer.

4.9 min. The total time of analysis was 6.0 minutes. The block h
Norwalk. USA) was utilized to keep the analvtical column temperature at 25°C. The injection volu,

5

was 20 pl. The DAD detection of retinol. a-tocopherol. retinvl-palmitate and retinyl-s ate was

carried out at 325 nm. 295 nm and 330 nm respectively.

Results

Figure 1: Figure 2:
Patient serum before absorption test P:

retinol 3.06 umol I, a-tocopherol 13.31 wmol I, retinyl-palmitate wder 3 hours)

the liniit of detection, retinyvl-stearare under the limir of quantification

atient serum after absorption test (360 000 TU of vitamin A. after  Validation characteris

retinol 3.62 uniol I, a-tocopherol 13.03 umol I, retinyl-palmitate
sl T, retinvl-stearate 18.04 gmol I

Table 1:

of HPLC method for analysis of retinol,
o-tocopherol and retinyvl esters

Alpha Retinyl Retinyl

lememrdr || G tocopherol | -palmitate | -stearate

sl i
0&
— | syl fosophiasl
rerey T T T 1 -

el pabatate 0.9997 0.9998 0.9995 0.9998
|
5.29 6.68 8.10 5.65
192 397 4.26 3.19
| (uﬁﬁl]}l") 40,107 | 50,107 9.0.10° | 7.6.10°
|
| . 2 ,
U . w;‘:ﬁ_,) 80,107 0.1, 10! 13,107 | 7.2. 107
Ar e d A : 1 Rl'\::ll];;lltlll -6 8.64 3.38 R

Conclusions

The novel and rapid HPLC method for analysis of retinyl esters in human serum after absorption vitamin A test
was developed and used for monitoring of intestinal permeability changes after treatment by chemotherapy.
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Stdrnuti indukuje Fadu vyznamnych zmén jednotlivych biochemickych parametri,

hol. holi

véetné metabolismu lipidd. Byla dna h

pop yp terolémie, porucha me

P

Metoda pro stanoveni vitaminu A a E byla zpracovdna na kapalinovém chromatografu LD
240 (Perkin Elmer, Norwalk, USA) vybavenym autosamperem a DAD detektorem. Pro
i byla pouZita monolitni kolona Chromolith Performance RP-18e, 100 x 4,6 mm

mastnych kyselin, lipoperoxidace a naruSeni anti stavu or
Objektivni zhod i téchto f énli

pohled. VyuZiti modernich chromatografickych metod pro analyzu popisovanych

je viak obtizné a vyzaduje vidy komplexni

biologickych zmén by mélo prispét ke zlepSeni diagnostiky chronickych chorob a

zkvalitnéni péce o pacienty vysSich vékovych kategorii.

Cilem projektu je vyuZiti modernich monolitnich technologii vysokoicinné kapalinové
chromatografie (HPLC) pro analyzu liposolubilnich vitamini A, E a hmotnostni
detekce ve spojeni s kapildrni plynovou chromatografii (6C-MS) pro stanoveni

(PR ..o
'gICKY P

cholesterolu a jeho prekursord u ger s Alzhei

chorobou (ACH) a vaskuldrni demenci (VD).

Soubor pacientti

Soubor tvoFilo 155 gerontologickych pacientii ze sedmi domovii diichodcii Ceské

ovou

republiky s diagns Alzheimerovy choroby a vaskuldrni d Priimérny vék

souboru byl 79 + 1 rok, minimum 55 let, maximum 97 let. Podil Zen v souboru byl

130 (primérny vék 80 + 1 rok) a 25 muzli (primérny vék 77 + 2 roky).

(Merck, Darmstadt, Némecko). Mobilni fdzi byl 100% methanol (Merck, Praha, CR)
s priitokem 2,5 ml/min, teplota 25°C, ndstFik vzorku 50 pl, tlak na koloné 3,10 MPa,
celkovd doba analyzy 1,8 min. Retinol byl detekovdn pFi vinové délce 325 nm,
a-tokoferol pfi 295 nm. Retenéni &as retinolu byl 0,8 min, a-tokoferolu 1,4 min.

Vzorek krevni plazmy byl pFipraven metodou loquid - liquid extrakce do n-hexanu.
Steroly a skvalen byly extrahovdny také z krevni plazmy. Vzorek byl pFipaven alkalickou
hydrolyzou roztokem hydroxidu draselného v ethanolu. Ddle byl extrahovdn do
nepoldrniho rozpoustédla (n-h ). Vlastni i bylo provedeno pomoci plynové
chromatografie na nepoldrni kapildrni koloné CP-Sil 8 CB, 30 m x 0,32 mm, (Varian, Palo
Alto, USA) ve spojeni s hmotnostnim spaktrometrem v SIR (Selected Ion Racording)
modu. Pro ndstfik 1ul pFipraveného vzorku byl pouZit injektor typu split/splitless (liner 2
mm ID) o teploté 300°C a periodou uzavieného splitu (splitless) 1min. Tlak na koloné byl
100 kPa a rychlost nosného plynu (helium) byla 37 cm/s. Nastaveni termostatu pece: 50
°C (po dobu 2 min), ndrdst teploty o 15 °C/min na 315 °C (po dobu 14 min). Transfer
line a ionizaéni zdroj 280 °C. Ionizaéni energie byla nastavena na 70 eV.

Kvantifikace byla provddéna metodou wnitfniho standardu. Jako interni standard pro
skvalen byl pouZit 5a-cholestan, pro ostatni steroly stigmastanol.

Hladiny cholesterolu a albuminu byly stanoveny pomoci komeréniho kitu (Boehringer,
heim, Némecko) na analyzdtoru Hitachi 917 (Tokyo, Japonsko)

Vysledky

Vitamin A v plazmé (umol/l) Tabulka 1: Cholesterol v plazmé (mmol/l)
. . - . . - 1,
o Priimérné koncentrace jednotlivych analyti u Alzheimeovy choroby (ACH) a vaskulrni demence (VD). 0]
s ‘Alzheimerova choroba Vaskulam demence .
Potet Potet Korelace s ltkou < 4
¢ Sledovana litka Jednotky | pacientii | Primer (£ SD) | Pacientd | Primer (=SD) ¢ ]
(N) N Eog
1 |vitamin A pmol/l 95 128+0,46 56 114034 2345 5
2 |vitaminE pmol/l 90 18,14+6,04 55 17,90+ 6,32 1345 g a
3 | cholesterol mmol/I 89 510+ 120 52 4,55 +1,26 12459
04l - 24 T T 1
v e 4 |albumin ol 89 35,90+ 4,04 52 34,64+ 4,06 12356911 w acH
5 |lathosterol pmol/l 90 3,75+2,20 53 312+183 123411
itamin E v plazmé (umol/l) Albumin v plazmé (g/])
o yplm o 6 [sqalen ol % 152150 55 1302117 7 w iy plmé )
° . 7 | sitosterol pmol/l 90 2,59+265 53 2,41£251 10,1112 °
g“-, 8 | campesterol pmol/l 90 347271 53 4,15+384 71112 _ :ﬁ
% 9 | vitamin E /cholesterol umol/mmol 9 364133 47 4,02+1,48 24 ?
204 E 373
% 07 10 |lathosterol/cholesterol umol/mmol 89 0,73+ 0,45 52 0,73+ 0,45 157 é 5
£ 103 11 |sitosterol/cholesterol umol/mmol 89 053+053 52 052+045 457812 2]
£ I M
> 12 | campesterol/cholesterol umol/mmol 89 0,70+ 0,55 52 090071 711,
od : ‘ 254
w

ACH

o T 1
o AcH

Zavér

lonickGeh
'gICKY

U sled sh

souboru ger

pacientd byly nalezeny normdlni hodnoty vitamind A, E a cholesterolu v plazmé (vit. A 1,2 + 0,4 umol/I, vit. E 18,1 + 0,5 ymol/I,

cholesterol 4,89 +0,10 mmol/I). Naopak hodnoty plazmatického albuminu byly mirné snizeny (35,40 + 0,34 g/l) a korelovaly s hladinami cholesterolu (p = 0,00000), vitaminu

A (p = 0,00002), vitaminu E (p = 0,03676) a s vékem (p = 0,00516).

Hodnoty sledovanych parametri u pacientd s diagnézami Alzheimerova choroba a vaskuldrni demence neprokdzaly statisticky vyznamny rozdil, pouze hladina cholesterolu u

Alzheimerovy choroby byla statisticky vyznamné vySsi nez u skupiny paci s

ni d i (5,10 + 0,13 mmol/l v.s. 4,55 + 0,18 mmol/I).
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Vyuziti novych stacionarnich fazi a moderni HPLC
instrumentace v klinickém vyzkumu

Lubor Urbanek!?, Dagmar Solichova2, Lenka Krémoval2, Bohuslav Melichar3, Petr Solich!
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Abstrakt

‘Vysoce ucinna kapalinova chromatografie (HPLC) je v soucasnosti jednou z nejvice pouzivanych
analytickych technik ve vSech typech laboratofi. Divodem je moznost separace, identifikace a
kvantifikace riznych analyti béhem jedné analyzy a v relativné Sirokém koncentraénim rozmezi.
Dalsi vyhodou je rovnéz vysoka citlivost (v zavislosti na pouzitém detektoru) a moznost
automatizace.

'V poslednich letech se objevuji nové analytické kolony s riiznymi typy stacionarnich fazi jako napf.
monolitni, polymerni ¢&i hybridni materidly. Také chromatografickd instrumentace se neustile
zdokonaluje a vyviji, pficemz hlavni diraz je kladen na rychlost a nizké naklady analyzy. I pies
nesporné vyhody téchto modernich technologii je jejich vyuziti pro rutinni analyzy zatim spise
sporadické.

i retinolu, a estertl retinolu po vitamin A absorbénim testu s vyuzitim

monolitni kolony pfispiva k odhaleni poskozeni stfevniho epitelu po chemoterapii. Novy typ
autosampleru pro mikrotitra¢ni desticky RackChanger (Shimadzu, Japonsko) ve spojeni s prepinacim
ventilem a piedkolonou umoziuje rychlé on-line stanoveni velkého mnoZstvi vzorki, ¢ehoz lze
vyuZit napf. pro monitorovani hladin neopterinu a kreatininu u onkologickych pacientii. Obé& tyto
metody pfinasi ¢asovou i ekonomickou usporu, ¢imz se stavaji atraktivni pro klinické laboratoie.

Autosampler pro mikrotitraéni desticky
RackChanger (Shimadzu, Japonsko)

Nové typy kolon

Monolitni kolony

Kolony s polymerni st.f.

Kolony s hybridni st. f.

Vyhody Nevyhody Vyhody Nevyhody Vyhody Nevyhody
™) Q] ™) ) & ©
Vys§i pritokova Vysoka Stabilni v celém| Mikropory- Zvysena Vyssi
rychlost spotfeba rozsahu pH zabraiuji teplotni i pH | pofizovaci cena
rozpoustédel prenosu hmoty stabilita
(hl. malé
molekuly)
Zkraceni Vyssi Vysoka teplotni Nizky Dlouha
celkové doby | pofizovaci cena stabilita maximalni | Zivotnost kolon
analyzy pracovni tlak
| | (do 20 MPa)
Nizky zpétny Komer&né Horsi separaéni Separaéni
tlak na koloné | dostupné pouze ucinnost c¢innost jako u
Silik, C8 aC18 silikagelovych
kolon
Rychla

reekvilibrace

HPLC Prominence LC 20 AB (Shimadzu, Japonsko)

Moznosti vyuziti

i retinolu, olu a esterii retinolu po vitamin A absorb&nim testu
Zdravy ¢lovek Pacientka s karcinomem prsu po chemoterapii
Pied Pred

Po
|

Chromatografické podminky:

Kolona: monolitni kolona Chromolith Performance RP-18e, 100%4.6 mm, (Merck, Darmstadt, Némecko)
Priitokovi rychlost: 3.0 ml.min
Nastiik: 20 ul
Celkovi doba analyzy: 6.0 min
‘Mobilni fize: metanol : voda 95:5 (v/v) v 0-2.1 min
metanol : 2-propanol 60:40 (v/v) v 2.1-4.9 min
Teplota na koloné: 25°C
Detekce: (DAD) retinol - 325 nm, a-tokoferol - 295 nm, estery retinolu - 330 nm

Podékovani

Prdce vznikla za podpory Grantové agentury Univerzity Karlovy, GAUK, ¢. 88407/2007, vyzkumného
zaméru MZO 00179906 a MSM 0021620822.

Kolonovy termostat s pfepinacim ventilem

C‘"
4

il

Kolona - srdce chromato-
grafického systému

-

Stanoveni neopterinu a kreatininu v mo¢i pro monitoring onkologickych pacienti

Hybridni kolona Gemini Su C18

(150 x 3.0 mm), 5 um (Phenomenex, USA)

110A,

Polymerni kolona Asahipak ODP-50 4D,
(150 x 4.6 mm), 5 um (Shodex, Japan)

=4 FD neopterin
‘| pAD r‘kreatinin DAD
‘\
\
|
i A |
M\
AN R . 1

Chromatografické podminky:

Priitokovi rychlost: 0.8 ml.min™

Nastik: 1 ul

Celkovd doba analyzy: 6.0 min

Mobilni fiize: fosfatovy pufi 15 mM (pH 6.4)

Teplota na koloné:

25°C

Detekce: (FD) neopterin - ex. 353 nm, em. 438 nm

(DAD) kreatinin - 235 nm
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Abstract

o]

o Neopterin is produced in large amounts by human
- . ) monocytes/macrophages after stimulation with the
HI \] ] 1‘JH o cytokine interferon-y. Therefore, the monitoring of
e neopterin concentrations in body fluids like urine and
serum provides information about immune system
activation. Increased neopterin concentrations are found in various diseases such as
HIV or malignant tumors and in neuorological, cardiovascular and autoimmune
diseases.(1,2)
Neopterin is a small aromatic molecule strongly fluorescing in its fully oxidized
form, and therefore can be measured with high sensitivity by using its native
fluorescence. It is also hydrophilic substance, which is more soluble in water than in
organic solvents, and hence cannot be extracted by such solvents. Neopterin has to be
protected from light because of its degradation and simultaneous measurement of
creatinine is also necessary for correction of physiological variations of urine
concentrations.(3)
Urine and blood are complicated matrices containing many other compounds, which
make an on-line analysis difficult. We have focused on finding optimal conditions for
the simple and fast determination of both compounds using modern technologies
such as different types of analytical columns (monolithic, polymeric etc.) and new
instrumentations  (switching valve, special autosampler for CH»
microtitration plates). Comparison of different analytical methods J:N’>=

NH

can contribute to getting the most suitable conditions for simple,
fast and cheap analysis of numerous sample sets.

Aim

The aim of the work was to find convenient conditions for on-line chromatographic
determination of neopterin and creatinine in biological samples.

Methods and Problems

The original method for the assay of neopterin and creatinine was taken from
Wachter and Fuchs(3). They have used reversed phase HPLC with phosphate buffer
as mobile phase and flow rate of 0.8 ml.min"'. Neopterin was measured by its native
fluorescence and creatinine by UV absorption.

We analyze urine samples using the same method but in
connection with modern instrumentation (switching valve
and special autosampler for microtitration plates) and using
new types of stationary phases (monolithic, polymeric,
hybrid etc.). However, utilization of this HPLC
instrumentation brings some new problems such as:

Deformation of the peak shape which is a typical|/
problem of urine samples of oncologic patients treated
with chemo- and radio therapy.

Increasing back pressure - in case of large amount of samples (300-400 PSI
increase after 100 analyses). It is also connected with false negative results
because of lower signal intensity and smaller peak area.

Results

Chromatograms of urine samples within monitoring of
oncologic patients

Hybrid column Gemini 5u C18 110A,

Chromatograms of neopterin standard
(c =250 nmol . I*) after 20 and 92

On-line analysis of urine sample with pretreatment

ol 1) column and switching valve
injections

(150 x 3.0 mm), 5 pm (Phenomenex, USA) 00

1. Normal sample 2. Problematic sample

- after 20 injections e
~after 92 injections

Influence of pH on neopterin analysis in human urine . ‘
(mobil phase sodium bicarbonate 0.05 mol.L™, ; V‘ | ‘
flow rate 0.4 ml.min™, injection volume 1pl) . h f

mAU

fluorescence detector, neopterin (N)

photo diode array detector, creatinine (C)

pH 108
PHO

ML A

pH 10

pH 12
Chromatographic conditions:

Column: polymer Asahipak ODP-50 4D,
(150 x 4.6 mm), 5 pm (Shodex, Japan)
Pre-column: polymer Asahipak ODP-50G 4A,
(10 x 2.0 mm), 30 pm (Shodex, Japan)
Flow rate: 0.03 ml.minin 0-3 min
0.8 ml.min"in 3-15 min
Injection volume: 0.5 pl
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Analysis time: 15 min
Mobil phase: hydrogen carbonate buffer
0.05 mmol.I"* (pH 8.6)
Column temperature: 25°C
Detection: PDA - 235 nm
FD —ex. 353 nm, em. 438 nm

Conclusion

Determination of neopterin and creatinine in biological samples brings
many problems to their routine analyses. Although modern HPLC
technologies promise ideal conditions and possibilities, there are still many
troubles to be solved in order to ensure reliable and accurate results for
clinical research.
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9. SHRNUTI

Predlozena disertacni prace predstavuje zajimavé spojeni dvou na prvni pohled
odlisnych obor, jakymi jsou analyticka chemie a medicina. Pohled druhy, podrobné&;jsi,
vSak ukazuje, Ze oba obory si mohou byt velmi blizké a pfi vzdjemné spolupraci
analytika a lékafe piinasi uzitek kazdému z nich.

Prvni ¢ast této prace se vénuje nejprve teoretickym zakladim HPLC a
chromatografické instrumentaci. Jednd se o kratky prehled nékterych principti
uplatiovanych v kapalinové chromatografii a Stru¢né piedstaveni vybranych soucasti
HPLC. Vzhledem ktomu, Ze srdcem kazdého chromatografického systému je
analyticka kolona s ur¢itym typem stacionarni faze, se dalsi ¢ast prace zabyva riznymi
typy kolon a sorbentli. Zvlastni kapitola je potom vénovana monolitickym kolondm a
materialim, které piedstavuji jakysi novy a netradi¢ni smér v chromatografii. Vyhody a
nevyhody pouziti monolitnich kolon jsou pak shrnuty v publikacich, které jsou
soucasti experimentalni ¢asti (Pfiloha 1, 2 a 9). Zavér této technické ¢asti tvoii reSerse
s ptehledem novych trenda v oblasti kapalinové chromatografie jako jsou ultra Gi¢inna
kapalinova chromatografie, kolony se sub-2-mikronovymi ¢asticemi ¢i automatizace a
miniaturizace celych systému.

Druhd cast disertacni prace se zabyva sbérem a Upravou biologického materialu.
Jsou zde diskutovany riizné faktory, které maji vliv na konecné vysledky analyz, véetné
popisu analyzované biomatrice — krve a moci. Moznosti zpracovani biologického
materialu shrnuje Kapitola 3.5.2, kde jsou uvedeny rizné zpisoby extrakce. Hlavni
diraz je pfi tom kladen na vzdjemné srovnani technik LLE a SPE spole¢né s uvedenim
jejich modifikovaného provedeni.

Zaver teoretické Casti je vénovan detailnéjSimu popisu stanovovanych latek,
kterymi byly vitaminy A, estery retinolu, vitamin E a bunécny metabolit neopterin.
Kromé charakteristiky fyzikaln¢ chemickych vlastnosti téchto latek je zde uvedeny také
jejich biologicky vyznam, metabolismus a terapeutické vyuziti. Nedilnou soucésti kazdé
kapitoly je rovnéZ ptehled moZnosti stanoveni téchto analyti.

Cast experimentalni je rozdélena do dvou tematickych okruhtl. Prvni zahrnuje
komentai Kk analytickym publikacim a predevsim popisuje metodiku stanoveni

vybranych latek. Druhd ¢ast prace predstavuje komentovany souhrn biomedicinskych
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praci, které¢ vyuzivaji vysledky ziskané pomoci pfedem diskutovanych analytickych
metod.

V zavéru disertaéni prace, V kapitole Pilohy, je uveden soubor dvanacti publikaci,
ktery je dale doplnén ptrehledem ustnich prezentaci a nejvyznamnéjSich plakatovych
sd¢€leni, které byly vypracovany v ramci postgradudlniho studia a prehledem grantti, na

kterych se autor této prace podilel.
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10. SUMMARY

The presented dissertation thesis shows an interesting connection of two research
fields that seem totally different from the first sight: analytical chemistry and medicine.
However, the second sight could show that both branches might exist very closely to
each other and their cooperation can be even useful for both sides.

The initial part of the thesis deals with theoretical basics of HPLC and
chromatographic instrumentation bringing a short overview of important principles of
liquid chromatography including a brief introduction of crucial parts of an HPLC
instrument. Due to the fact that the heart of the chromatographic system is an analytical
column, another part of the text deals with different types of stationary phases and
analytical sorbents. A separate chapter is focused on monolithic columns and other
materials representing a new and original trend of chromatographic techniques. The
main advantages and disadvantages of monolithic columns are then summarized in the
published papers listed in the Experimental part (Enclosures 1, 2 and 9). Finally, the
technical section of my thesis is concluded by a review of new trends in the
chromatographic instrumentation presented e.g. by Ultra Performance Liquid
Chromatography, columns filled with sub-2-micron particles or automatization or
miniaturization of complete HPLC systems.

The second part of the thesis deals with different ways of biological material
withdrawal and treatment. Different factors influencing the final analytical results are
discussed and a short description of analyzed matrix (human serum and urine) is
presented. The next chapter (3.5.2) summarizes possible procedures of bio-matrix
treatment using different extraction modes. Here, a practical comparison of LLE and
SPE techniques is stressed out showing their alternative ways of performance.

The final section of the theoretical part is focused on a detailed characterization of
analyzed substances comprising vitamin A, retinol esters, vitamin E and neopterin.
Besides the physicochemical properties of these analytes, their biological activity,
metabolism and therapeutic use are also mentioned. For each analyte, current possible
ways of its analytical determination found in the literature are reviewed.

The Experimental part is separated into two thematic sections. The first one
comprises comments on analytical publications and, chiefly, describes the methods of

determination of the studied substances. The second section presents a summary of
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biomedicinal papers which were published using results obtained by previously
described analytical methods.

The last chapter — Enclosures — shows a collection of twelve publications further
completed by an overview of oral presentations and the most important poster

presentations realized within my postgraduate studies including a list of grants.
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11. ZAVER

Uz od Skolnich let je cloveék veden k tomu, aby se postupné rozhodoval, jakému
oboru se v dospélosti chce vénovat a tomu se snazi ptizpusobit i své vzdélani. Béhem
studia se tak ze studenta pomalu utvaii specialista, ktery se az letitou praxi stane
skutecnym odbornikem ve svém oboru. Avsak ¢lovek, ktery se delsi dobu vénuje pouze
urcitému tématu, snadno zapomina, ze i jina povolani maji své nepostradatelné misto ve
spoleCnosti, a ze odbornici a specialisté zjinych oborli se svymi znalostmi a
zkuSenostmi mohou zna¢nou mérou piispét Knovému pohledu na feSenou
problematiku. Jejich vzajemna spoluprace, tak muze vést k vétsim tspéchim nezli
¢innost jednotlivet.

Od zacatku 20. stoleti do soucasnosti dochazi k obrovskému technickému rozvoji
snad ve vSech oblastech lidské ¢innosti a medicina spole¢né s farmacii nejsou zadnou
vyjimkou. Lékaii se musi pro ureni spravné diagndzy ¢im dal castéji spoléhat na
vysledky ziskané pomoci specialnich vySetfovacich metod, které vyuzivaji vysoce
sofistikovanou a ndkladnou instrumentaci. Obsluhu a méteni na téchto pfistrojich pak
zabezpecuje proSkoleny persondl, ktery tak lékati poskytuje data, na jejichz zaklad¢
I¢kat provadi nékdy az zasadni rozhodnuti o zivoté Clovéka. Neméné dulezita je i
rychlost ziskavani spravnych vysledki.

Dal$im vyznamnym faktorem je také ekonomicnost vySetfovacich metod.
Vzhledem k tomu, Ze financovani zdravotnictvi je ozehavym politickym tématem, je
komunikace mezi vyzkumnikem-analytikem a klinickym lékafem velmi dulezita, nebot’
umoziuje pruzné uplathovat moderni trendy, napiiklad v oblasti analytické chemie, do
kazdodenni 1€katské praxe, coz vzhledem ke kladenému dlrazu na uspornost novych
analytickych postupit mtize pfinést i kyZzeny ekonomicky efekt.

Ptedlozena préce, jejimz cilem byla modernizace a vyvoj novych bioanalytickych
metod s ohledem na rychlost a efektivnost analyz, by mohla pfedstavovat ptiklad

takovéto ucelné mezioborové spoluprace.
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