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1. UVOD



Uvod

Vysokou¢inna kapalinova chromatografie (HPLC) je vdnesni dob¢
nejcastéji pouzivanou analytickou technikou Vv oblasti analyzy léciv. Jedna se
0 separacni metodu, kterd umoznuje soucasné stanoveni kvalitativnich
i kvantitativnich charakteristik analyzovanych latek, a to i v pomérné slozitych
smésich. Tato metoda se bézné pouziva jak pii vyzkumu a vyvoji novych 1é¢iv
a lécivych pripravki, tak pii kontrole a jisténi kvality. HPLC také zaujima ptedni
misto V oblasti stanoveni 1é¢iv a jejich metabolita v biologickém materialu a je tedy
jednou ze zdkladnich metod pouzivanych pro stanoveni osudu léCiva v zivém
organismu (farmakokinetiky). HPLC je téz bé&znou metodou pouzivanou v ramci
terapeutického monitorovani 1é¢iv (TDM) a studii bioekvivalence.

Tato disertacni prace se v teoretické ¢asti zabyvd moZnostmi vyuziti HPLC
v moderni farmaceutické analyze. Farmaceuticka analyza by v modernim pojeti
nem¢la byt pouhou chemickou analyzou farmakologicky aktivnich latek, ale méla by
byt uzce spjata s rozvojem novych modernich analytickych metod a technologii.
Kromé¢ toho by méla byt oborem interdisciplinarnim, komunikujicim s vyvojem
v dalSich farmaceutickych disciplindich (napf. farmaceutickd technologie,
farmakologie). Diky tomuto modernimu pojeti, pak farmaceuticka analyza mize
poskytovat fadu dulezitych informaci, které mohou vyznamné ovlivnit cely proces
vyzkumu a vyvoje novych 1é¢iv a 1é¢ivych pFipravku, ale také piispivat K zajisténi
ucinné a bezpecné farmakoterapiel’z.

V teoretické casti disertatni prace je veénovana pozornost predevSim tém
aspektim a aplikacim HPLC, které maji vztah k experimentalni Casti této prace.
Uvodni ¢ast definuje postaveni této metody v moderni farmaceutické analyze a ve
struénosti popisuje HPLC instrumentaci. Vyznamnou ¢&asti je oddil vénovany
postupim pii vyvoji HPLC metod. Z hlediska praktického uziti této techniky nebylo
mozné opomenout problematiku tykajici se validace metod a valida¢nich parametrd.
Dalsi kapitola této ¢asti je vénovana jedné ze specialnich ¢asti farmaceutické analyzy
- hodnoceni stability 1é¢iv. Posledni dva oddily teoretické c¢asti si kladou za cil
shrnout dostupné informace jak o fyzikalné-chemickych, tak i o zakladnich
farmakologickych vlastnostech analyzovanych latek (aroylhydrazonovych chelatort
zeleza, glimepiridu, nimesulidu).

Experimentalni ¢ast tvoii soubor Sesti piivodnich védeckych praci rozdélenych
do dvou tematickych celkti doplnénych o komentare. Prvni celek se nejprve zabyva

vyvojem a validaci HPLC metod vhodnych pro stanoveni tfi novych potencialnich



Uvod

1é¢iv ze skupiny chelatort zeleza (pyridoxal isonikotinoyl hydrazonu - PIH,
salicylalehyd isonikotinoyl hydrazonu - SIH a pyridoxal 2-chlorbenzoyl hydrazonu -
0-108) v ptitomnosti jejich rozkladnych produkti a komplext se Zelezem. Tyto
metody dopliiuji RP-TLC podminky vhodné pro rychlé a jednoduché hodnoceni
téchto latek. Vyvinuta HPLC metoda je v dalsi publikaci vyuzita k systematickému
studiu stability PIH-2HCl za podminek stresovych zkousek a stability tohoto
chelatoru v piitomnosti dvou farmaceutickych pomocnych latek. Dalsi ¢ast tohoto
celku se zabyva vyvojem a validaci metod vhodnych pro analyzu SIH a 0-108
v krali¢i plasmé. Tyto metodiky jsou nasledné pouzity pro stanoveni profilu
plasmatickych koncentraci po i.v. aplikaci téchto chelatorti pokusnym zvitatim.
Druhy celek se zabyva vyvojem stabilitu hodnoticich HPLC metod a studiem
vybranych aspektt stability dvou modernich, klinicky uZivanych 1é¢iv - glimepiridu
a nimesulidu. Hydrolyticka stabilita glimepiridu byla hodnocena ve
vodném prostfedi o rizném pH za podminek stresovych zkousek. Pro studium
fotostability nimesulidu byly vyvinuty HPLC a TLC metody, umoZilujici separaci
lé¢iva a jeho potencialnich rozkladnych produktii, které byly nasledné vyuzity ke

studiu citlivosti uvedeného 1é¢iva k rozkladu vlivem UV zéafeni.



2. CIL PRACE



Cil prace

Cilem teoretické ¢asti disertacni prace bylo shrnout dosavadni poznatky tykajici
metody bézné uzivané v analyze 1é¢iv. Hlavni pozornost byla vénovany predevsim
tém aspektim a aplikacim, které maji pfimou névaznost na experimentalni Cast této

prace.

Cilem prvniho tematického celku experimentalni prace bylo:

1/ Vyvinout a validovat chromatografické metody vhodné pro stanoveni téi novych
potencialnich IéCiv ze skupiny chelatorti zeleza, pyridoxal isonikotinoyl hydrazonu
(PIH), salicylalehyd isonikotinoyl hydrazonu (SIH) a pyridoxal 2-chlorbenzoyl
hydrazonu (0-108), v pfitomnosti jejich rozkladnych produktii a komplexi s Zelezem.
2/ Studovat vybrané aspekty stability PIH-2HCL.

3/ Vyvinout a validovat HPLC metody pro stanoveni SIH a 0-108 v krali¢i plasmé.
4/ Pouzit vyvinuté metody pro stanoveni profilu plasmatickych koncentraci po

i.v. aplikaci téchto chelatort laboratornim zvifatim.

Cilem druhého tematického celku experimentalni prace bylo:

1/ Vyvinout HPLC metodu vhodnou pro hodnoceni stability glimepiridu a pouzit ji
ke studiu hydrolytického rozkladu tohoto 1é¢iva.

2/ Vyvinout chromatografické metody (HPLC a TLC) vhodné pro hodnoceni

stability nimeuslidu a nasledn¢ je pouzit pro studium fotostability tohoto 1é¢iva.



3. TEORETICKA CAST



Teoreticka Cast Vyznam a postaveni HPLC v moderni farmaceutické analyze

3.1. Vyznam a postaveni HPLC v moderni farmaceutické

analyze

Vysokoucinna kapalinova chromatografie (HPLC) zaujima pro mnohé vyhody
dominantni misto ve farmaceutické analyze. HPLC metody uZzivajici zejména tzv.
reverzniho moédu (RP-HPLC) jsou nejcastéji pouzivanymi separacnimi metodami
Vv celé oblasti zabyvajici se analyzou 1é¢ivt. Na rozdil od jinych (neseparacnich)
technik HPLC umoznuje nejprve efektivné rozdélit jednotlivé slozky analyzované
smési do elucnich zon, a poté jednotlivé zony selektivné detekovat. V porovnani
s plynovou chromatografii pfedstavuje HPLC univerzalnéjsi pfistup, ktery
nevyzaduje pfevedeni analytu na t€kavy derivat. Star$i chromatografické techniky
(papirova, tenkovrstva, gelovd chromatografie) pak neumoznuji dosdhnout tak
efektivni separace a citlivosti®. V porovnani s HPLC elektromigraéni metody
nedosahuji, i pfes jejich nekteré vyhody, takové robustnosti, a tak je jejich vyuziti
v moderni farmaceutické praxi zatim relativné omezené®. Piednosti HPLC je
relativné snadné kvalitativni 1 kvantitativni hodnoceni i pomérn¢ slozitych smési
chemickych latek. Tento piistup dovoluje béhem jedné analyzy provadét piesné a
spravné stanoveni aktivnich, pomocnych i ptibuznych latek (necistot, degradaénich
produktit). V bioanalyze pak tato metoda umoziuje hodnotit 1é¢iva i jejich
metabolity v biologickém materialu bez interference s nizkomolekularnimi
endogennimi latkami'®. Modernim trendem v této oblasti je vyvoj automatickych
systému pro analyzu 1é¢iv v biologickém materialu spojujicich on-line Gipravu vzorku
(napf. extrakce nebo mikroextrakce na pevné fazi - SPE, SPME) s naslednou
chromatografickou analeoum.

HPLC systémy umoziuji pouZziti celé Skaly riznych detektoru -
spektrofotometrickych, fluorimetrickych, hmotnostné¢ spektrometrickych (MS),
elektrochemickych, vodivostnich, radiometrickych, refraktometrickych a jinych.
Vybér zpisobu detekce zavisi na fyzikalné-chemickych vlastnostech analytl (1écCiv,
necistot, metabolitil), narocich na citlivost metody, dostupnosti a finan¢ni naro¢nosti
instrumentace. V dne$ni dobé jsou v analyze 1éCiv nejéastéji pouzivany detektory
spektrofotometrické, avSak v posledni dobé je znacnd pozornost vénovana MS

detektorim, vzhledem Kk jejich univerzalnosti, vysoké citlivosti a moznosti souc¢asné

10



Teoreticka Cast Vyznam a postaveni HPLC v moderni farmaceutické analyze

strukturni analyzy®. Mezi nejnovéjsi trendy v této oblasti patii napf. spojeni HPLC
s NMR detektory®
Hlavni oblasti farmaceutické analyzy, ve kterych jsou HPLC metody

V soucasnosti vyuzivany jsou shrnuty v nasledujicich bodech:

e Kvalitativni a kvantitativni analyza 1é¢iv a 1é¢ivych pripravka

Kvalitativni hodnoceni 1é¢iv pomoci HPLC se provadi na zaklad¢ shody
retencnich ¢asu (tr) analytu a referen¢niho standardu. Pouha shoda reten¢niho ¢asu
téchto latek ziskand na jednom chromatografickém systému vSak neposkytuje
dostateéné informace. Shoda musi byt prokdzana na vice chromatografickych
systémech s riznou selektivitou, popiipadé musi byt doplnéna dal§imi informacemi

(nejcast&ji diode array (DAD), infradervena (IR) nebo MS spektra)®®.

Pro potieby kvantitativniho hodnoceni 1é¢iv je HPLC standardni, rutinné
uzivanou analytickou metodou®. Stanoveni obsahu uéinnych latek, degradagnich
produktii nebo piibuznych latek se vétSinou provadi na zakladé srovnavani ploch
piki (vyjimecné vysek pikt) analytu a referencnich latky. Existuje n€kolik pfistupd
na jejichz zaklad¢ se provadi kvantifikace.

1/ Metoda vnéjsiho standardu - koncentrace stanovované slozky se uréi

porovnanim plochy piku ziskané analyzou zkouSené¢ho roztoku a plochy piku na
chromatogramu piislusného porovnavaciho roztoku. Pfedpokladem moznosti pouziti
této metody je linedrni zavislost odezvy detektoru v oekavaném koncentracnim
rozmezi>°,

2/ Metoda vnitiniho standardu - koncentrace stanovované slozky se urci

porovnanim pomeéri ploch pikt analytu a vnitiniho standardu (latky o podobnych

fyzikalné-chemickych vlastnostech jako analyt) detekované na chromatogramu

zkouseného roztoku s pomérem ploch pika téchto latek na chromatogramu

porovnavaciho roztoku. Zakladnim predpokladem pro pouZiti této metody je linearni

zéavislost odezvy detektoru v o¢ekavaném koncentratnim rozmezi. Metoda vnitiniho

standardu je vyuzivana hlavné v pfipadech, ve kterych je pouzita slozitéjsi ptiprava
8,10

vzorku (napt. vicekrokova extrakce)™ .

3/ Metoda normalizace - obsah analytu se vypocita z plochy jeho piku jako

procenta celkové plochy vSech pikd na chromatogramu. Zanedbavaji se plochy piku
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rozpoustédel a pikt, které jsou pod mezi zanedbatelnosti. Metoda normalizace je
pouzitelna pouze tehdy, kdyz jsou koncentrace vSech hodnocenych latek
V dynamickém rozsahu detektoru a jejich odezvy jsou pii dané vlnové délce
srovnateln¢, nebo jsou znamy piislusné korekéni faktory. Korekcni faktor je Cislo,
které vyrovnava odezvy latek s riznym po&tem chromofora®*°.

4/ Kalibracni postup - stanovi se vztah mezi signalem detektoru a koncentraci

analytu. Pro vlastni kvantifikaci se potom pouzije inverzni funkce® °.

e Stanoveni lé¢iv v biologickém materialu

Také v oblasti zabyvajici se stanovenim 1é¢iv a metaboliti v biologickém vzorku
zaujima tato technika pfedni misto. Pomoci HPLC lze relativné pohodIné vedle sebe
analyzovat 1éciva i1 jejich metabolity. Vzhledem ktomu, ze jsou tyto latky
Vv biologickych materialech pfitomny casto ve stopovych koncentracich, hraje pfi
téchto analyzach dilezitou ulohu citlivost detekce. Tento pozadavek je vétSinou
zajistén pii spojeni HPLC-MS™. Dilezitou oblasti jsou studie bioekvivalence, pii
kterych se porovnava plocha pod kiivkou plasmatickych koncentraci (AUC)
a maximalni dosazend koncentrace (Cmax) generickych a originalnich pfipravkﬁlz.
Dalsi dulezitou oblasti vyuziti HPLC je monitorovani 1ékovych hladin v pribéhu
terapie. Cilem TDM je urcit spravny rezim davkovani pro jednotlivého pacienta, tim

I IS A AS] . . ;o . vz ’ 3% o1
dosahnout optimalni G¢innosti terapie a zabranit vzniku nezddoucich G¢ink 3,

e Vyvoj novych léCiv

Pti vyvoji novych 1é¢iv se metody HPLC uplatiiuji téméf ve vsech fazich vyvoje.
Pocinaje zjiStovanim Cistoty a stability ucinnych latek, pies preformulacni
a formulacni studie az po stanoveni osudu IlécCiva v organismu a vypocet
farmakokinetickych parametra*®. V této oblasti jsou v dnesni dob& stale Gast&ji
HPLC metody vyuzivajici UV detekci nahrazovany metodami vyuZzivajicimi vyhody
spojeni HPLC-MS popf. tandemového usporadani detektorti (HPLC-MS-MS)™.

12
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e Dalsi oblasti pouziti

Mezi dal$i oblasti pouziti HPLC ve farmacii patii napt. ¢isténi a izolace latek
(preparativni chromatografiie) nebo urceni struktury nezndmych analyt, napf.
metabolitd, rozkladnych produkti, necistot (on-line spojeni HPLC-MS nebo HPLC
NMR)*2,

13



Teoreticka ¢ast Moderni HPLC instrumentace

3.2. Moderni HPLC instrumentace

Moderni kapalinové chromatografy byvaji koncipovany jako viceucelové
systémy, nejCastéji sestavené jako stavebnice z jednotlivych soucasti (pumpa,
odplynova¢ mobilni faze, davkovaci systém, kolonovy prostor, detektor). Hlavnimi
trendy v této oblasti jsou piedev§sim automatizace, miniaturizace a aplikace
novych detektori. V relativné kratkych casovych intervalech jsou na trh uvadény

stale nové, inovované HPLC systémym.

1/ Pumpy

vvvvvv

zajistit kontinualni pratok mobilni faze chromatografickym systémem. Standardni
pumpy pro HPLC by mély spliiovat nasledujici pozadavky: prutok 0,01 - 10 ml/min,
pulzace do 1 % pro reverzni a normalni chromatografické separace. Kolisani toku
mobilni faze v systému ovliviiuje jak retenéni Casy, tak i plochy pikd, a proto
negativné ovliviiuje vysledky kvalitativniho 1 kvantitativniho stanoveni. Pumpy
byvaji konstruovdny z materidld odolnych vi¢i korozi i pii pouziti pomérné
agresivnich mobilnich fazi. V soucasnosti se pouzivaji predevSim pistova Cerpadla,
S malym vnitinim objemem, ktery umoziuje rychlou vyménu mobilni faze a rychly
nastup gradientu. Pisty ¢erpadel jsou fizeny elektronicky tak, aby se minimalizovala
pulzace mobilni faze zpiisobena stiidanim saci a vytlacné faze'® 1.

Pii gradientové eluci lze jednotlivé slozky mobilni fdze michat bud’ na
nizkotlaké, nebo na vysokotlaké strané cCerpadla. Pii nizkotlakém gradientu
dochdzi k miseni slozek mobilni fdze na nizkotlaké stran¢ (pfed pumpou), a tak je
cely gradient fizen pouze jednou pumpou. Pii vysokotlakém gradientu je kazda
slozka mobilni faze Cerpana jednou pumpou a K jejich vzajemnému miseni dochazi
Vv mixéru za vysokého tlaku. Vyhodou tohoto zpusobu je pfesny a reprodukovatelny
nastup gradientu a také rychld odezva na zménu koncentrace jednotlivych slozek.
Dalsi vyhodou je moznost pouziti kazdé pumpy zvlast (v piipade isokratické
analyzy). K nevyhodam pak patii ¢asté problémy s dokonalym misenim mobilni faze

a horsi presnost miseni pfi nizkém procentu jednoho ze solventt (0-10 %)"".

14
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2. Odplynova¢ mobilni faze (degasser)

Odplynéni mobilni faze je jednim ze zakladnich ptredpokladi dosazeni uspésné
a reprodukovatelné separace. Bubliny plynu v mobilni fazi naruSuji plynuly prutok
této faze kolonou, ovliviiuji separaci a znehodnocuji signal detektorti. Moderni
HPLC sestavy obsahuji zafizeni umoziujici odstranéni bublin prichodem mobilni
faze trubicemi z porézniho materialu, které jsou umistény ve vakuovém prostoru.

Bubliny plynu tak prochazi ven do vngjsiho prostoru'®*’.

3. Davkovaci systémy

Dévkovaci systémy by mély umoziovat davkovani variabilniho mnozstvi vzorku
s vysokou reprodukovatelnosti nasttikd. VéEtSina komeréné dostupnych sestav jiz
dnes vyuziva k davkovani vzorku automaticky davkovaé (autosampler), ktery
umoznuje nastiik velkého poctu vzorkll bez zasahu operatora. Na nékterych HPLC
sestavach je mozné se setkat také s manualnim davkovacim systémem - rheodyne

injector, ktery vyuzivé Sesticestného ventilu®’.

4. Detektory

Funkci detektoru je monitorovat latky vychazejici z kolony a pievést jejich
kvantitativni hodnoty na proporcionalné zavisly elektricky signal, ktery je dale
vyhodnocen. Detektory jsou dulezitou soucasti instrumentace, ktera vyznamnym
zpusobem ovliviiuje citlivost a selektivitu analyz. Detektory byvaji rozdélovany na
selektivni a univerzalni. V piipadé¢ selektivnich detektorti je odezva pifimo umérna
konkrétni vlastnosti analytu, pti pouZiti univerzalniho detektoru, je jeho odezva

imérna uréité celkové vlastnosti eluatu®*®’,

Vlastnosti ,,idealniho*“ detektoru pro HPLC:

e vysoka citlivost (vlastnost dilezita pfedev§im pro stopové analyzy)

e vysoka selektivita

e nizky Sum zakladni linie

e rychld odezva

e Siroky linearni rozsah (umoznujici snadnou kvantifikaci i v §ir§im koncentra¢nim
rozmezi)

e nizky mrtvy objem (zpisobujici minimalni rozsifovani chromatografickych zon)

15
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e moznost pouziti gradientu
e moznost poskytnuti strukturnich informaci o analyzovanych latkach

e rezistence ke zm&nam ve sloZeni mobilni faze, priitoku nebo teploty®.

a/ Spektrofotometrické detektory

Spektrofotometrické detektory pracujici v UV-VIS oblasti vinovych délek jsou
nejcastéji pouzivanymi detektory v analyze 1é¢iv. Umoziuji detekovat latky, které
obsahuji ve své molekule chromofor. Zdrojem zareni byva nejCastéji deuteriova
lampa poskytujici akceptovatelnou intenzitu zateni od 190 do 400 nm. V piipadé
detekce ve viditelné oblasti se vyuzivda wolframova vybojka. Paprsek
elektromagnetického zafeni prochazi celou detektoru kde meéni svoji intenzitu (I)
v disledku absorpce zafeni analytem a poté dopada na fotodiodu. Obvykle je
paprsek ze zdroje pfiveden také pfimo na referenc¢ni fotodiodu, kde je méfena
puvodni intenzita zateni (lp). Elektronika detektoru pievadi signal ze dvou diod na
absorbanci, ktera je podle Lamber-Beerova zakona piimo umérna molarni

koncentraci analytu®®*’.

A=logld Il =c.el [1]

A - absorbance

lo - ptivodni intenzita zafeni

| - intenzita zafeni dopadajici na fotodiodu po prichodu celou
¢ — molarni koncentrace analytu

€ —molarni absorpcni koeficient

| — délka cely

Podle konstrukce jsou detektory schopny méfit absorbanci elektromagnetického
zafeni jedné nebo vice vlnovych délek. Nejstarsi, dnes jiZz minimalné¢ pouZivané
detektory byly schopny méfit pouze absorbanci zéateni o jedné vinové délce (vétSinou
254 nm, tj. detektory s fixni vinovou délkou). VétSina v soucasnosti pouzivanych
detektord umoziuje vinovou délku libovolné ménit (detektory s proménnou
vinovou délkou) a kromé toho, nekteré z dnes beézné pouzivanych detektort
umoziuji proméfit spektrum v maximu hodnoceného piku. Specifickym typem UV

detektoru jsou detektory s diodovym polem (DAD) umoznujici snimani celého
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spektra za pomoci velkého poctu plosnych fotodiod. K vyhodam DAD patii moznost
odhaleni koeluce latek za pomoci vyhodnoceni Cistoty chromatografického piku a

moznost porovnani identity analytu a referen¢niho standardu na zaklad¢ vyhodnoceni
8,14,16,18

shody jejich spekter

Dulezitou charakteristikou je konstrukce a objem prutokové cely detektoru. Malé

ree
1

chromatografickych piki.
I 19

objemy cely umoznuji vyznamné redukovat ,,rozmyvan
Citlivost t&chto detektord se pohybuje v rozmezi 10°-10"° g/ml*°, avsak je ovlivnéna
molarnim absorp¢nim koeficientem analyzovanych latek a také chromatografickymi

podminkami®*®,

b/ Fluorescen¢ni detektory

Fluorescen¢ni detektory patii k citlivym a selektivnim detektorim, bé&zné
pouzivanym V kapalinové chromatografii. Fluorescenéni detekce obvykle dosahuje
citlivosti o 3 fady vys§i nez detekce v UV oblasti (10°-10'? g/ml)*. Detekovat Ize
v§ak pouze analyty, které¢ vykazuji prirozenou fluorescenci (cca 15 % latek) nebo
analyty, které byly chemickou reakci p¥evedeny na fluoreskujici derivaty'’. Zateni
z lampy (napf. deuteriova, xenonova nebo xenon-rtutova) prochazi pies excita¢ni
filtr (mfizku) poskytujici monochromatické zareni a excituje molekuly analytu.
Excitované molekuly poté emituji zafeni o vinové délce vySsi nez je vinova délka
pivodniho (excitaéniho) zafeni. Emisni zafeni prochazi ptes emisni filtr (mfiizku),
ktera je sméfovana tak, aby sbirala zafeni ve sméru kolmém ke sméru excitacniho
zateni. Timto zpisobem dopadne na fotonasobi¢ pouze zafeni emisni (pochazejici ze
vzorku), nikoliv zafeni excitaéni®. Intensita fluorescence zavisi jak na vlnové délce
excitace, tak na vlnové délce emisniho zafeni. Tento zpisob detekce umoziuje
vhodnou volbou parametru selektivné detekovat analyty naseho zajmu, pii potlaceni
signalu ostanich slozek vzorku. Jako excita¢niho zafeni lze také pouzit laseru
(laserem indukované fluorescence) a tim jesté zvysit Citlivost detekce priblizné

0 jeden fad®®,

c/ Elektrochemické detektory (EC)

Tyto detektory vyuzivaji elektrochemickych vlastnosti analyzovanych latek.
Svoji citlivosti (10'9-10'12 g/ml) jsou podobné fluorescencnim detektorim®®.

Schopnost oxidovatelnosti nebo redukovatelnosti analytti vyuzivaji ampérometrické,
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polarografické a coulometrické detektory. Castéji se vyuziva procesu oxidace nez
redukce. Ampérometrické detektory méti proud vznikajici prichodem analytu celou,
coulometrické detektory méii naboj potiebny k oxidaci nebo redukci veskerého
mnozstvi analytu. Coulometrické detektory dosahuji vyssi citlivosti nez detektory
ampérometrické, protoze pracuji s celym mnozstvim analytu. EC detektory jsou
velmi citlivé na necistoty v mobilni fazi nebo na jeji nedokonalé odplynéni. VétSina
téchto detektori také neumoziiuje vykonavat gradientové analyzy. Diky nutnosti
pouziti vodivé mobilni fdze neni tento zplsob detekce pouzitelny v systémech
s normalnimi fazemi. Také v pfipad¢ separaci v systému reverznich fazi plati urcité
omezeni tykajici se pouziti mobilnich fazi s vysokych obsahem organickych

rozpouétéd618’17.

d/ Refraktometrické detektory

Refraktometricky detektor je nejstar§im typem  universalniho detektoru.
Refraktometricka detekce je zalozena na méreni rozdilu v indexech lomu mezi
¢istou mobilni fazi s mobilni fazi unasejici analyt. Mezi nevyhody tohoto zptisobu
detekce patii nekompatibilita s gradientovou eluci, velka teplotni zavislost odezvy,

vysoka citlivost k plyniim v mobilni fazi a relativng nizka citlivost (10 g/ml)®*"*°,

e/ Evaporating light scattering detektory (ELSD)

Evaporating light scattering detektor je dalsim typem universalniho detektoru.
Eluat z kolony je pri tomto zptusobu detekce zmlzen, rozpoustédlo je odpaieno
a ¢astice analytu jsou detekovany pfi pruchodu ,light scattering* celou. Zde
castice vzorku rozptyluji svétlo (paprsek) laseru. Rozptylené svétlo je detekovano
pomoci silikonové fotodiody umisténé pod thlem 90° k paprsku laseru. Tento
detektor je pouzitelny pro vSechny analyty, které nejsou tékavéjsi nez mobilni faze
asvyhodou se pouzivd u analytli, které neobsahuji chromofor (napi. sacharidy,

lipidy). ELSD umoziiuje pouziti gradientovych analyz'’®,

f/ Vodivostni detektory

Vodivostni detektory méii vodivost mezi dvéma elektrodami na néz je

vkladdano napéti. Pfitomnost analytu je detekovana zménou vodivosti v cele
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detektoru. Tyto detektory jsou vhodné pro detekci latek iontové povahy a byvaji

< o . v 17
Casto pouzivany v iontové-vyménné chromatografii~.

0/ Hmotnostni detektory

Hmotnostni detektor je jako univerzalni a vysoce citlivy detektor v soucasnosti
stale vice pouzivan pro spojeni s kapalinovou chromatografii. Pfimé spojeni HPLC-
MS ptidava k vlastni chromatografii dal$i dimenzi tim, Ze¢ umoziuje identifikaci
a trukturni analyzu latek v eluatu po predchozi separaci na chromatografické

kolong?*?

. Detekce latek hmotnostnim detektorem je zaloZena na ionizaci analytu
a nasledné separaci vzniklych iontl na zakladé hodnot m/z. Pii spojeni HPLC-MS je
analyt, ktery je unasen mobilni fazi z HPLC kolony zaveden do iontového zdroje
hmotnostniho spektrometru, zde dochazi k desolvataci a ionizaci molekul analytu
a jejich zavedeni do analyzatoru®®?'.

Hmotnostni detektor se sklada se tii zakladnich casti: iontovy zdroj, hmotnostni
analyzator a detektor. Dal§imi Castmi jsou vakuovy systém, systém pro zavadeéni
vzorku, iontovd optika a pocitac. lontovy zdroj slouzi k ptevedeni neutralnich
molekul na nabité ¢astice, hmotnostni analyzator slouzi k rozdéleni vzniklych iontt
na zaklad¢ jejich m/z a detektor je pouzivan pro detekci iontl a urceni jejich
relativnich intenzit. K ionizaci analytli miize dochdzet riiznym zplisobem. Pro spojeni
HPLC-MS byvaji témét vyhradné pouzivany meékké ionizacni techniky, a to
piedevsim ionizace elekrosprejem (ESI), chemicka ionizace za atmosférického tlaku
(APCI), fotoionizace za atmosférického tlaku (APPI). Razné typy hmotnostnich
analyzatori mohou vyuZivat rzné principy (magnetické analyzatory, analyzatory
doby letu, kvadrupolové analyzatory, iontové pasti). Nejcastéji uzivanymi
analyzatory ve spojeni HPLC-MS pro analyzu nizkomolekuldrnich 1é¢iv jsou
jednoduchy nebo trojity kvadrupol nebo iontova past. K detekci iont byva pouzivan
elektronovy nasobi¢, fotonasobi¢ nebo Faradayova klec. Tandemovou hmotnostni
spektrometrii se oznacuji MS analyzy, kde je pouZivano vice analyzatorl, které
pracuji vice nebo mén¢ nezdvisle na sobé. Nejbeéznéjsi tandemovou technikou je
trojity kvadrupol® 2,

Zaznamem ziskanym pomoci hmotnostniho detektoru je hmotnostni spektrum,
ve kterém je na ose y vynesena relativni intenzita jednotlivych ionti a na ose x jejich

m/28,20,21.
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6. HPLC sorbenty a kolony

HPLC kolony jsou ,,srdcem* kazdého chromatografického systému. Jsou obvykle
zhotoveny z nerezové oceli, ktera je vhodnym kompromisem mezi cenou,
provozuschopnosti a resistenci vici korozi. Do tlakii 20 MPa Ize také pouzit kolony
ze specialng tvrzeného skla, které se vkladaji do vn&jsiho kovového plasts®*®. Uvniti
nerezového nebo sklenéného plasté se nachazi stacionarni faze — sorbent. Kvalitni
kolona je zakladnim piedpokladem pro GspéSny vyvoj i naslednou rutinni aplikaci
robustnich a reprodukovatelnych HPLC metod®. Na trhu je v dnesni dob& dostupné
velké mnozstvi ruznych chromatografickych kolon, které se 1isi charakterem
sorbentu, rozméry, tvarem i velikosti Castic a podobné. Vyvoj v této oblasti je
zaméten jednak na zlepSovani vlastnosti stacionarnich fazi, ale také na vyvoj novych
sorbentil. Komeréné dostupné kolony se vSak ¢asto 1i$i od vyrobce k vyrobcei a nékdy
je mozné pozorovat jistou variabilitu i mezi jednotlivymi Sarzemi stejného typu
kolony. Vyrobci proto testuji kvalitu kolon pomoci analyz vybranych modelovych
latek a ovéfuji tim nékolik zakladnich charakteristik jako napf. pocet teoretickych
pater, reten¢ni faktor, faktor symetrie piku atd.

Vétsina komeréné dostupnych analytickych kolon mé délku mezi 5-25 cm,
vnitini pramér 4,0 nebo 4,6 mm, pricemz Castice sorbentu dosahuji velikosti 3,5-
5um. Na trhu jsou dostupné také uzsi ,,narrow-bore* kolony (vnitini primér
3 nebo 2 mm) nebo ,,mikro-bore* (vnitini primér 1 mm) jejichz délka i pramér jsou
mensi ® . Vedle kolon s ¢asticovymi naplnémi se zacaly v posledni dob& pouzivat
I monolitické stacionarni faze, které umoznuji velmi rychlé separace za pouziti
vysokych prﬁtokﬁzz.

Vlastnosti kolony jsou dany celou fadou rtiznych faktord. Hlavni vliv na
vlastnosti kolony maji: druh sorbentu, zplisob navazani a stupenn pokryti nosice
funkénimi skupinami, velikost a tvar ¢astic, velikost povrchu sorbentu, velikost
a tvar pora sorbentu, endkapovani a rozmér kolony?®.

Podle chemické podstaty nosi¢e mohou byt HPLC kolony rozdéleny do
nasledujicich skupin. Hlavni pozornost je vénovana chemicky modifikovanym fazim

na bazi silikagelu, které byly uZity v experimentalni ¢asti této prace.
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e Stacionarni faze na bazi silikagelu

Kolony na bazi silikagelu jsou nejéastéji pouzivanymi stacionarni fazemi pro
HPLC analyzy. Nemodifikovany silikagel byva pouzivan v systému tzv. normélnich
fazi (NP), zatim co chemicky modifikovany silikagel byva bézné pouzivan na
separace Vv systému fazi reverznich (RP). Modifikovany silikagel zaujima v analyze
1éCiv dominantni misto. Pro pfipravu této faze se pouzivaji vysoce Cisté, vétSinou
sférické cCasteCky silikagelu (napt. pfitomnost stopového mnozstvi kovi mize
vyrazn¢ zhorsit symetrii piku). Pfed vlastni chemickou modifikaci se silikagel
hydrotermalné upravuje, aby se zvysil pocet volnych silanolovych skupin16’17.
Silikagel obsahuje tii typy silanolovych skupin: volné (kyselé - problematické pro
analyzu bazickych latek), podvojné a sdruzené. Chemicky modifikované
stacionarni faze vznikaji reakci OH skupin silikagelu s organosilany. V piipadé
reakce s monochlor nebo monoalkoxysilany vznika monomerni stacionarni faze, pfi
pouziti di- nebo tri-chlorsilanti vznika faze polymerni. Pro vétSinu aplikaci je
vhodnéjsi monomerni typ, jehoz vyhodou je lepsi reprodukovatelnost reten¢nich
¢ast. Vyhodou polymernich typa je naopak lepsi stalost pfiinizkych pH. Diky
stérickému efektu navazanych ligandi nedochazi K pokryti uplné celého povrchu
(pokryti sorbentu vazanou fazi se urCuje zobsahu organického uhliku).
Nezreagované silanolové skupiny byvaji naslednou reakci s malymi silany
(trimethylchlorsiloxan nebo dimethyldichlorsiloxan) deaktivovany (endkapovany)®
118 Dalsi moznosti je zapouzdieni do polymerniho obalu, na ktery jsou navazany
funkéni skupiny. Selektivita modifikované stacionarni faze je ovlivnéna stupném
pokryti povrchu, délkou alkylového fetézce navazané funkcéni skupiny a slozenim
pouZité mobilni faze>®%Y.

Mezi nevyhody piedevsim starSich fazi na bazi silikagelu patii omezena stabilita
pti pH < 2 a pH > 8. Pii pH vys§im nez 8 dochazi k rozpousténi silikagelu a pti pH
niz§im nez 2 pak probiha hydrolyza vézanych funkénich skupin. U starSich typtd
sorbentt je pak nevyhodou omezena stalost v mobilnich fazich s vysokym obsahem
vody. Tyto problémy jiz vSak byvaji u novéjSich sorbentii eliminovany (napf.
stérickym zabranénim hydrolytickych reakci objemnou funk¢ni skupinou). Vyrobci
se ruznymi modernimi pfistupy uplathovanymi pii vyrobé téchto sorbenti snazi

prekonavat omezenou chemickou stabilitu téchto stacionarnich fazi®®. Dalsi
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nevyhodu piestavuji interakce bazickych analytii s kyselymi volnymi silanoly, které
vedou ke zhordeni symetrie piku®?.

Nejcastéji navazanymi funkénimi skupinami jsou alkylové fetézce Cyg, Cg, ale
také skupiny -(CH3)3CN, -(CH)3sNH;, -(CH3)sNHCO-(CH,)14-CH3. Dostupné jsou
také staciondrni faze obsahujici silikagel modifikovany funkénimi skupinami na bazi
katexti nebo anex@l, které jsou vyuzivany pro iontové vyménnou chromatografii®.
Nekteré stacionarni fdze mohou obsahovat navazané funkéni slupiny o razné
polarité¢, a tak umoznuji analyzu latek s rozdilnymi fyzikalné-chemickymi
vlastnostmi v takzvaném mix-modu (napf. silikagel modifikovany Cig a -
(CH2)sCN)”.

e Polymerni stacionarni faze

Sorbenty na bazi pordznich organickych polymert jsou alternativou
k silikagelovym stacionarnim fazim. Nejcastéji jsou tvofeny polystyrénovym a
divinylbenzenovym kopolymerem, méné pak substituovanymi metakrylaty nebo
polyvinyalkoholy. Mohou byt pouzity pro analyzy malych molekul i makromolekul.
Jejich vyhodou je predevsim vétsi chemickd, mechanické a teplotni stalost®®. Diky
absenci volnych silanolovych skupin nevykazuji tyto faze nezadouci interakce
s bazickymi latkami. Jsou vhodné i pro analyzy siln¢ bazickych latek, pti vysokych
hodnotach pH, kdy jsou tyto analyty v neionizované formé a poskytuji lepsi tvar
piki. Nevyhodou téchto fazi je v porovnani se silikagelovymi o stejné velikosti
¢astic niz8i Gcinnost separace. Tyto kolony jsou vhodnéj$i pro izokratické nez
gradientové analyzy, protoze pii rizném slozeni mobilni faze mulze dochdzet
K riznému bobtnani polymeru. Stejné jako v pifedchozim piipadé je mozné povrch
polymeru chemicky modifikovat, avSak modifikované kolony nejsou komeréné
dostupné v takovém mnoZstvi a rozmanitosti funk¢nich skupin jako kolony

silikagelové. Své uplatnéni nachazi tyto sorbety predevsim jako jontomé&nige®.

e Stacionarni faze na bazi oxidu zirkonicitého

Staciondrni faze na bazi oxidu zirkoniCitého Se vyznacuji se vysokou tepelnou
(do 200 °C) i pH stabilitou (0-14). Selektivita tohoto typu stacionarni faze je odli§na
od selektivity fazi na bazi silikagelu. Maji na ni zasadni vliv interakce center
charakteru silnych Lewisovych kyselin pfitomnych na sorbentu a v molekule analytu.

Komer¢né jsou dostupné ctyfi druhy téchto stacionarnich fazi - potazené
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polystyrenem, vrstvou uhliku, polybutadienem a faze které jsou potazeny vrstvou

uhliku modifikovaného oktadecylovymi skupinami®.
e DalSi stacionarni faze

Stacionarni faze tvofeni grafitizovanym uhlikem jSou v porovnani s ostatnimi
typy sorbenti pouzivany pouze omezené. Uhlik poskytuje i bez dalsi modifikace
hydrofobni povrch a pomérné velkou teplotni a pH stabilitu. Uplatituje se predevsim
pro déleni geometrickych izomert. Nevyhodou téchto fazi je nizsi efektivita
a vysokd kiehkost oproti silikagelovym fazim, V neposledni fad¢ také citlivost
Kk necistotam v mobilni fazi (dochazi k ireverzibilni adsorbci na povrch) a vyssi cena.
Jako sorbentu lze pouzit také oxid hlinity a to nemodifikovany pro NP separace,

chemicky modifikovany nebo potaZeny polymerem pro RP separace®.
e Stacionarni faze pro chiralni separace

Chiralni faze jsou pomérn¢ specifickym typem staciondrnich fazi. Vyuzivaji
piedevsim prostorové interakce mezi analytem a chiralnim selektorem. Nejznaméjsi
typy HPLC kolon pro chiralni separace obsahuji cyklodextriny, proteiny,

polysacharidy, makrocyklicka antibiotika nebo syntetické polymery®.
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3.3. Vyvoj HPLC metod

Pii vyvoji HPLC metody postupuje kazdy chromatografista do zna¢né miry
individualn€é, nicméné lze definovat obecny algoritmus, ktery je znazornén
V nasledujicim schématu. Vyvoj metod n¢kdy vyzaduje pouze nékolik mélo pokusi,
Vjinych pfipadech je vSak zapotfebi vykonat pomérné znacné mnozstvi

experimentalni prace®.

Informace o vzorku a definice cilii a parametri
Separace

Volba vhodné apravy vzorku a zpisobu detekce

Vybér zptusobu déleni a dosaZeni uspokojivé
Separace

Optimalizace chromatografickych podminek a
sledovani parametru separace (robustnost
metody)

Validace metody

Obr. 1. Obecny algoritmus vyvoje HPLC metod
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3.3.1. Informace o vzorku a definice separace

Ptred zacatkem vlastniho vyvoje HPLC metody je vzdy nutné shromazdit na
zaklad¢ literarni reserSe co nejvice dostupnych informaci 0 analyzovaném vzorku.
V piipadé, Ze je Vv dostupné literatufe popsana néjaka chromatograficka separace
vhodna pro dany analyt a nebo latku strukturné blizkou, je vhodné pii vyvoji metody
vychazet z téchto informaci. V opa¢ném piipad¢, je nutné vyvijet HPLC metody ,,de
novo®. U zndmych chemickych latek je dulezité ziskat informace o jejich chemické
struktufe, funkénich skupinach, izomerech, molekulové hmotnosti, pKa, log P, UV
spektrech, jejich rozpustnosti atd. Dalsim z dulezitych prvotnich kroku, je co mozna
nejpresnéjsi definovat cile a parametry separace (tj. urcit pro jaky typ analyz ma
byt metoda v budoucnu pouzita). V této fazi pred analytikem vétSinou vyvstava
nckolik zasadnich otdzek, které musi byt vyfeSeny pted zacatkem vlastni vyvojové

prace napf.

- Je primarnim cilem Kkvantitativni analyza, detekce neznamé latky v analyzovaném
vzorku nebo izolace nékteré z komponent vzorku?

- Je nutné separovat vSechny slozky ve vzorku?

- Jaké jsou pozadavky na ptfesnost a spravnost kvantitativniho stanoveni?

- Pro jaké druhy riznych matric ma byt metoda pouzitelna?

- Kolik vzork ma byt analyzovano soucasne?

- Jaké instrumentalni zdzemi je dostupné v laboratori?®,

3.3.2. Zpusob upravy vzorku a volba zplisobu detekce

Pomoci HPLC jsou analyzovany vzorky rizné povahy, od jednoduchych
roztokd obsahujicich pouze jednu latku az po relativné slozité smési. V nékterych
ptipadech je mozné vzorek analyzovat ptimo bez predchozi upravy, jindy je nutno
analyt (analyty) ze vzorku izolovat, popfipad¢ vzorek zakoncentrovat. Pozadavky na
citlivost analyzy, chemicka povaha analyti a charakter matrice vyznamné ovliviiuji
vybér zpisobu detekce. Detekce v UV oblasti je nejbéznéji pouzivanou detekéni
technikou v HPLC analyze 1é¢iv. V mnoha piipadech je vSak nutné (napf. pro

zvyseni citlivosti) zvolit jiny typ detekce - fluorescencni nebo MS.
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Zvyseni citlivosti detekce lze také dosahnout derivatizaci. Derivatizace je
chemicka reakce analytu s chemickym cinidlem, ktera vede ke zméné fyzikalnich
a chemickych vlastnosti analytu. V HPLC analyze 1éCiv jde nejcastéji 0 zavedeni
flouoroforu nebo chromoforu do molekuly, avSak derivatizace muze byt pouzita

i v jinych piipadech (napf. zlepseni extrahovatelnosti, stability analytu atd.)®.

3.3.3 Vybér zpusobu déleni a dosazeni uspokojivé separace

3.3.3.1. Volba zpisobu chromatografické separace

Chromatografie na obracenych fazich byva obvykle prvni volbou pro separaci
vétsiny 1é¢iv. Dochazi pii ni k déleni latek mezi méné polarni stacionarni fazi a vice
polarni f4zi mobilni (nejcastéji smes vody nebo pufru a organického rozpoustédla).
Retence latek v RP systémech roste se zvysujici se polaritou mobilni faze>®*’,

V piipad¢, ze nelze dosahnout uspokojivé separace v systému obracenych fazi, je
mozné zvolit jiny zpisob chromatografie. Nejéastéji byva zvolena chromatografie na
normalnich fazich nebo iontové vyménna chromatografie. Pii separaci na
normalnich fazich dochdzi k déleni latek mezi polarni stacionarni fazi a méné
polarni fazi mobilni. Stacionarni faze je vétSinou tvofena nemodifikovanym
silikagelem nebo silikagelem modifikovanym navazanou polarni funkéni skupinou
(aminosilikagel, kyanosilikagel atd). Mobilni fazi jsou smési organickych
rozpoustédel bez obsahu vody (2-propanol, hexan atd). Retence analytii vzriista se
snizujici se polaritou mobilni faze °. Pii iontové-parové chromatografii (ion-pair
chromatography) je selektivita RP separace upravena ptidavkem iontové-parového
¢inidla (IPA) do mobilni faze. IPA je diky svoji hydrofobni ¢asti pfitahovano
k stacionarni fazi a tak je ¢ast nesouci naboj ,,ukotvena“ na povrchu stacionarni faze.
Tento naboj je kompenzovan opacné nabitymi ionty, které jsou obsazeny v mobilni
fazi. Pfi prichodu analytu kolonou jsou ionty mobilni fdze nahrazovany za ionty
analytu. Tento proces pak vede k retenci analytu na zakladé iontové vyménného
procesu. Jako IPA se pouzivaji nejcastéji alkylsulfonaty (pro ovlivnéni retence
bazickych latek) a tetrabutylamoniové soli (pro ovlivnéni retence latek kyselych)&ﬂ.

Jiné typy chromatografie jsou vétSinou pouzivany pro analyzu specialnich
vzorki jako jsou napf. makromolekuly, sacharidy, enantiomery, anorganické ionty

atd.
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3.3.3.2. Volba stacionarni faze

Vybér vhodné chromatografické kolony je na zacatku vyvoje HPLC metody
jednim z kli¢ovych problému. Komeréné je dostupna Sirokd Skala riznych HPLC
kolon. Vyrobci dodavaji kazdoro¢né nékolik typti novych staciondrnich fazi
vyrobenych riznymi novymi technologiemi a postupy nebo kolony, které jsou
specialné vhodné pro néktery typ analytu (podrobnéjsi popis stacionarnich fazi je
uveden v kapitole 2.2).

RP separace jsou obvykle realizovany na HPLC kolonach na bazi silikagelu
s modifikovanym povrchem. Retence latek na koloné v podstaté zavisi na tiech
zakladnich charakteristikach kolony: typu vazané faze, procentu pokryti a povrchu
kolony (velikost porti). Obecné plati, ze retence analyti roste s délkou fetézce
a hydrofobicitou vazané faze. Retencni faktor separace je proporcionalni povrchu
kolony. Pti vyvoji metody jsou jako vhodna prvni volba doporucovany silikagelové
kolony C18 nebo C8.

Kromé charakteru pouzité stacionarni faze byva na pocatku vyvoje metody
feSena také otazka rozméri kolony a velikosti ¢astic. Kolona o rozmérech 25 nebo
15 x 0,46 cm, velikosti ¢astic 5 um a velikosti porit 80-100 A je doporucovana jako
nejvhodnéjsi prvni volba. MenSi ¢éstice signifikantné zvySuji pocet teoretickych
pater kolony, avsak urcitym problémem miize byt ponékud vyssi zpétny tlak a vyssi
riziko ucpani. Kolony o délkach 25 cm mirn€ zvySuji pocet teoretickych pater

kolony, avsak také Gastecns prodluzuji analyzy®,

3.3.3.3. Volba slozeni mobilni faze

Mobilni faze (MF) v RP chromatografii byva tvofena slozkou nepolarni
methanol (MeOH), acetonitril (ACN) nebo tetrahydrofuran (THF). Jejich elu¢ni sila
klesa s rostouci polaritou v potfadi THF > ACN > MeOH. Acetonitril je nejvhodnéjsi
prvni volbou pfi vyvoji HPLC metody. Smés ACN a vody ma nizkou viskozitu,
umoznuje dosazeni relativné vysokého poctu teoretickych pater i pomérné nizkého
zpétného tlaku. Dalsi volbou je methanol a dale pak tetrahydrofuran. Organicka
rozpoustédla vykazuji slabou absorpci UV zafeni, a proto mohou zpusobit problémy
pfi analyzach vyuZivajicich detekci pfi nizkych vinovych délkdch. THF zptsobuje

problémy pfi praci s vilnovymi délkami pod 212 nm. Methanol a acetonitril maji
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tento prah (tzv. UV cut-off) nizsi, 205 a 190 nm. THF vykazuje jest¢ nckteré dalsi
nevyhody, jako jsou reaktivita s kyslikem (moznost tvorby peroxidll) a pomérné
dlouhy ¢as nutny k ekvilibraci kolony pii zméné podminek. Nicmén¢, v nékterych
piipadech umoznuje toto rozpoustédlo ucinné modifikovat selektivitu separace.
MeOH a ACN jsou tedy pii vyvoji metody upiednostiiovany a THF je ptidavan do
mobilni fize pouze v malych koncentracich pro modifikaci selektivity separace®,

Pro analyzu latek neutralni povahy casto postacuje jako polarni slozka mobilni
faze voda. AvSak v pfipad¢, analytli obsahujicich ionizovatelné funkéni skupiny, je
nutné béhem chromatografie kontrolovat pH mobilni faze. Pro dosazeni u¢inné
separace je vétsinou zadouci, aby byl analyt bud’ pIn¢ ionizovany (snizeni retence)
nebo neonizovany (zvySeni retence). Tohoto stavu lze dosahnu nastavenim pH
mobilni faze tak, aby bylo asi o 1,5 stupné vyssi nebo nizsi nez je pKa analyzované
latky. V piipadé¢ amfoternich analytl ovliviiuje retenci ionizace vSech funkcnich
skupin v molekule. Pro vétSinu organickych kyselin postacuje k jejich Gplné ionizaci
pH okolo 3, avsak v ptipadé bazickych latek je ¢asto nutné upravit pH mobilni faze
na hodnotu piekracujici pH 8. Vzhledem k tomu, ze pi#i téchto hodnotach hrozi
rozpousténi silikagelu, jsou na trhu dostupné i kolony odolné vici vysokym
hodnotam pH (napft. kolony s hybridni stacionarni fazi nebo zirkoniové kolony). Pfi
vybéru vhodného pufru je nutné piihlédnout k jeho pufrovaci kapacité, absorpci UV
zafeni, rozpustnosti, stabilité a moznym interakcim s analytem nebo stacionarni fazi.
Fosfatové pufry jsou Vv pocatecnich fazich vyvoje pouzivany nej€astéji. AvSak
v oblastech pH okolo 6,2-8.2 jsou silikagelové kolony vuci pisobeni téchto pufrt
mén¢ odolné nez v ptipad¢ pufri organick}'lchS’B.

V nékterych ptipadech vyZaduje charakter analytu pridavek nékterého additiva
do mobilni faze napf. triethylaminu (analyza bazickych latek — sniZeni vlivu volnych
silanolu stacionarni faze), iontové parového ¢inidla (alkylsulfonové kyseliny nebo
alkylamonivé soli), EDTA atd. V pfipadé¢ spojeni HPLC s MS detekci je nutné

pozivat pouze tekavé pufry (napf. mravenéanOV}'I)g.

3.3.3.4. Teplota na koloné, priutok mobilni fiaze

Mezi dalsi faktory ovliviiujici separaci patii teplota na kolon¢. Teplota muze
ovliviiovat retenci latek 1 selektivitu separace. VétSinou se doporu€uje pracovat pii
teplotach o néco vyssich nez je teplota laboratofe, které vedou ke snizeni viskozity

mobilni faze, snizeni zpétného tlaku i k lepsi robustnosti metodyB.
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Zména pritoku mobilni faze nevede ke zméné selektivity separace, ale presto se
mirné odrazi ve zméné rozliSeni. Jeji vliv na rozliSeni klesa se snizujici se velikosti
Castic. S klesajicim prutokem mobilni faze mirn€¢ vzrista pocet pater kolony
arozliSeni se mirné zlepsuje, avSak pouze do urcitého okamziku, kdy dalsi snizovani
pritoku zplsobi snizeni poctu teoretickych pater. Mobilni fadze proudici kolonou
muze mit v Case stale stejné slozeni (izokraticka analyza) nebo se jeji slozeni mize
Vv Case meénit (gradientova analyza). Pfi gradientovych analyzach se vétSinou
pouzivaji binarni smési, kdy procento organické slozky roste s ¢asem vétSinou

. Je v8
linearné”.

3.3.3.5. DosaZeni uspokojivé separace

Chromatografick¢ podminky vyvinuté v pocéate¢nich experimentech vétSinou
neposkytuji kvalitni separaci vSech slozek smési, a tak je obvykle nutné tyto
podminky dale modifikovat. Kvalita chromatografické separace mize byt objektivné

popisovana pomoci nékolika zakladnich veliin.

e Kvantitativni popis kvality chromatografické separace

a/ Kapacitni faktor (k)- je vyjadien nasledujicim vzorcem.

K= ( r;to) [2]

t, - reten¢ni ¢as analytu (Cas od nastiiku vzorku do vrcholu piku analytu)

to - mrtvy &as (retenéni Gas nezadrzovaného analytu)®®.

Kapacitni faktor vyjadiuje miru retence analytli v daném chromatografickém
systému. Hodnota kapacitniho faktoru neni ovlivnéna zménou pritoku mobilni faze
ani rozméry HPLC kolony. Jeho hodnota by se méla pohybovat v rozmezi 0,5-10,
v nékterych piipadech 0,5-20. Je-li kapacitni faktor pfili§ velky, dochazi k velké
retenci latek na chromatografické koloné, k rozsifovani tvaru pikti a neumérnému
prodluZzovéani analyzy. V pfipad¢, Zze hodnoty kapacitnich faktori pii prvnich

analyzéach nedosahuji uvedeného rozmezi, je tteba modifikovat podminky separaceg.
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b/ RozliSeni - popisuje miru separace sloZek analyzované smési a je vyjadieno

pomoci nasledujiciho vzorce.

_ 1,18(tr2 - trl)
Whi1 + Wh2

Rs [3]

tr1, tr2 - retencni Casy prvniho a druhého piku

Wh1, Wh2 - Sitka piku v poloviné V}'Iékyz‘r’.

RozliSeni vétsi nez 1,5 odpovida rozdeleni piku na zdkladni linii®®, aviak pro
kvantitativni analyzu se povazuje za minimélni rozliSeni 1,7-2,0°. Rozlieni muZe byt
systematicky ménéno se zménou chromatografickych podminek. Tti parametry — k”
(kapacitni  faktor), a (selektivita), N (G¢innost), které jsou =zavislé na

experimentalnich podminkach, ovliviyji rozliseni podle nasledujiciho vztahu:

1 1/2 k,
Rs = Z(a ~IN (Hj [4]

o - selektivita;
a = ko/K; ; kde kj 2 jsou hodnoty kapacitnich faktorti dvou nasledujicich piki
N - pocet teoretickych pater kolony

K" - primérny kapacitni faktor dvou nasledujicich pikﬁg.

Tento vztah [4] je tedy sloZen ze tfi nezavislych parametru. a popisuje schopnost
systétmu mobilni a stacionarni faze délit dva rizné analyty, k'/1+k” popisuje
stoupajici hodnotu rozliSeni se zvySujici se retenci. N souvisi s kvalitou
chromatografické kolony. Parametry a a k” jsou ovlivnény vztahem mezi slozenim
mobilni faze, staciondrni fazi a teplotou na koloné. ZvySeni teploty o 1°C vede
zpravidla k snizeni retence (k) 0 1-2 %. Zména teploty ovliviiuje také selektivitu
separace. N je zavislé na kvalité kolony a miize byt modifikovano zménou pratoku,

délky kolny nebo velikosti Sastic®,
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¢/ Tvar piku - ideédlni tvar chromatografického piku by mél odpovidat Gaussovu
rozdéleni, avSak v praxi se setkdvame s piky, které¢ se vice ¢i méné¢ od idedlniho

tvaru odchyluji. Tvar piku byva vyjadien faktorem symetrie:

Wo,05
As = — 5
> [5]

Wo,05 - Sitka piku v jedné dvacetiné vysky
d - vzdalenost mezi kolmici spusténou z vrcholu piku a vzestupnou ¢asti piku v jedné

dvaceting jeho vysky

d/ Si¥ka piku - je doplitujicim parametrem ke tvaru piku. Byva vétsinou vyjadfovana
veli¢inou pocet teoretickych pater, kterd kromé vlastni Sitky piku zohlediuje také

¢as, ktery pik prochazi kolonou. N je vyjadieno nésledujicim vztahem:

N =5,54[ b j [6]

Wo,5

t, - reten¢ni Cas analytu

Wp 5 - Sitka piku v poloviné V}'Iﬁkys.

N tedy vyjadfuje separacni u¢innost chromatografické kolony. Pro srovnani i¢innosti
vice HPLC kolon se vyuziva veli¢iny vySkovy ekvivalent teoretického patra (H),

ktery je dany vztahem:
H=- [7]

L - délka kolony
Vztah mezi H a experimentdlnimi podminkami je mozno vyjadfit pomoci

nasledujiciho vztahu (van Deemterova rovnice):

H= A'+(Ej +Cu [8]
u
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A’, B, C’- jsou konstanty pro konkrétni vzorek a experimentalni podminky (A" -
vyjadiuje prispévek turbulentni diftize, B" - pfispévek molekularni difuze a C’
piispévek proti pinosu hmoty).

U - rychlost priitoku

Pfi optimalni rychlosti priitoku mobilni faze je N maximalni a H minimalni®®.

e Kvantifikace a zkracena pre-validace vyvinuté metody

Pred zahdjenim plné, casové narocné procedury validace metody je casto
uzitetné nejprve ve zkraceném schématu otestovat zakladni valida¢ni parametry
a zaméfit se na odhaleni vSech moznych problémi. Pre-valida¢ni faze by méla
umoznit zjistit kalibracni model (linearni, nelinearni atd.), definovat limit detekce
a kvantifikace, vyhodnotit rozsah metody a pocet kalibracnich trovni, ovéfit

selektivitu a popripadé stanovit absolutni vt&Znosti metody®*® %',
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3.4. Validace analytickych metod

Cilem validace analytickych metod je pomoci experimentalnich dat a jejich
statistického zpracovani prokazat, Ze jsou tyto metody vhodné pro zamyslené uziti.
Konkrétni pozadavky na jednotlivé validacni parametry se 1isi v zavislosti na typu

vzorku a predpokladaném pouziti metody™®?®

. Jiné parametry budou vyzadovany
pro metody pouzivané pro stanoveni obsahu ucinné latky, pro analyzu lé¢ivych
ptipravku, jina kritéria budou platit pro metody stopové analyzy nebo bioanalytické
studie.

V ramci procesu harmonizace byla vroce 1990 ustanovena Mezinarodni
konference pro harmonizaci technickych pozadavkii na registraci humannich
pripravkia (International Conference on Harmonization of Technical
Requirements for Registration of Pharmaceuticals for Human Use -
ICH)L282030

Pozadavky a doporuceni pro validaci metod uzivanych ve farmaceutickém
primyslu jsou uvedeny v ICH smérnici Q2(R1)*!, vydané s cilem harmonizovat
pozadavky na valida¢ni parametry Vv oblastech EU, USA a Japonska. Tento
dokument postihuje predevsim Ctyfi typy testi: uréeni totoznosti, kvantitativni test
pro stanoveni obsahu U¢inné latky, kvantitativni test pro stanoveni obsahu necistot
alimitni  zkousky na neéistoty3l. V ptipadé¢  bioanalytickych  studii
(farmakokinetické studie, bioekvivalen¢ni studie atd.) je voditkem pro validace
dokument Bioanalytical Method Validation Guidance for Industry vypracovany
Federalnim uiadem pro lé¢iva a potraviny (FDA), Centrem pro hodnoceni a

2132 pyi

vyzkum lé¢iv (CDER) a Centrem pro veterinarni medicinu (CVM)
validacich lze také postupovat podle narodnich monografii (USP) nebo doporuceni
Statniho ustavu pro kontrolu 16¢iv (SUKL). Viechny tyto dokumenty maji spise
obecny charakter a mira jejich uplatnéni zavisi na konkrétni analytické metodé
a pozadavcich na ni®,

Analytickd metoda se povazuje za validovanou, jestlize jeji parametry vyhovuji
predepsanym pozadavkim. Smérnice FDA rozliSuje tii typy validaci: kompletni
validaci (full validation), ¢astecnou validaci (partial validation) a zkf#iZzenou validaci
(cross-validation)®. V ptipadé, Ze doslo ke zméné metody, je nutné provést

revalidaci, jejiz rozsah zavisi na charakteru provedenych zmén. Termin zkiizena
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validace se pouziva v ptipad€ srovnani parametrti dvou riznych analytickych metod,
kde metoda ptivodné validovana slouzi jako referenéni pro jinou metodu™?.

Validované metody urCené pro rutinni laboratorni pouziti, musi mit pfesné
definovany podminky, za kterych mohou byt pouzivany bez nutnosti opétovné
validace. Tato kritéria jsou oznacovana jako test zpusobilosti systému (System
suitability test). Jejich piesny popis zavisi na charakteru metody a ucelu jejiho
pouziti. Mohou zahrnovat celou fadu riznych parametri (napf. maximalni R.S.D.
ploch opakovanych nastiikti, minimalni rozliSeni sousednich pikti nebo pomér
signalu k Sumu). V pfipad¢ chromatografickych metody maji tato kritéria zajistit
dostate¢nou reprodukovatelnost a t¢innost systému. Pfed kazdou novou sérii vzork,
pfi zmén€ chromatografického systému nebo pii pfenosu metody do jiné laboratoie
musi byt provedeno ovéfeni metody testem zpusobilosti systémul’gl. Parametry test
zpuisobilosti jsou uvedeny v narodnich 1ékopisnych monografiich®,

Pti validaci analytickych metod, je nutné pouzivat referencni standardy, které
maji pfesné¢ definovanou ¢istotu. Referencni standard by mél byt naprosto identicky
s analytem. V piipad¢, Ze toto neni mozné, mize byt pouzita i jina chemicka forma
téze latky o zname Cistoté. Obecné lze pouzit tfi typy standarda: certifikované
referen¢ni standardy (Iékopisné standardy), komercné dostupné standardy nebo jiné

standardy o doloZené &istot&®> **,

Zakladnimi valida¢nimi parametry jsou:
e Selektivita

e Spravnost

e Pfesnost

e Detek¢ni a kvantitativni limit

e Linearita a rozsah

e Extrakéni vytéZnost

e Robustnost

e Stabilita vzorka®®,
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3.4.1. Validace analytickych metod podle ICH smérnic

ICH smérnice obsahuje doporuc¢eni pro validaci predevsim cCtyi typt béznych
analytickych testli: zkouSky totoZnosti, hodnoceni ¢istoty - kvantitativni a limitni
testy a stanoveni obsahu u¢inné latky v substancich, 1é¢ivych ptipravcich nebo
jinych komponentech 1écivych pfipravkﬁgl. Tabulka ¢.1 uvadi valida¢ni udaje

doporucené pro jednotlivé typy analytickych testa.

Stanoveni Cistoty
. Obsahu
Charakteristika TotoZnost Limitni | Kvantitativni
test test

Spravnost (Accuracy) - - + +
Ptesnost (Precision) - - + +
Opakovatelnost

- - + +
(Repeatability)
Intermedialni presnost
(Intermediate precision) ) ) * ¥
Reprodukovatelnost
(Reproducibility) ) ) ¥ ¥
Selektivita (Selectivity) + + + +
Detekéni limit
(Detection limit) ] ¥ ] '
Kvantitativni limit
(Quantification limit) ) ) v )
Linearita (Linearity) - - + +
Rozsah (Range) - - + +

Tabulka ¢ 1. Udaje doporucené pro validaci analytickych metod podle ICH

v . 31
smernice .
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1/ Selektivita (Selectivity)

Selektivita je schopnost metody spravné a specificky analyzovat stanovovanou
latku v pfitomnosti jinych latek (napf. pomocnych latek, necistot, rozkladnych
produkti atd.) Selektivita by méla byt stanovena u vsech ¢&tyfech typu analytickych
testi ™3,

a/ Zkousky totoZnosti

Vhodny test totoznosti ma byt schopen rozlisit pritomnost latek s blizkou
strukturou k analyzované latce, které mohou byt pfitomny ve vzorku. Porovnavaji se
vysledky analyz vzorkut, které obsahujici analyzovanou latku s vysledky analyz
vzorkd, které ji neobsahuji.

b/ Stanoveni obsahu a hodnoceni ¢istoty

Pro dolozeni selektivity chromatografickych (nebo jinych separac¢nich) metod
muze byt pouzit chromatograficky zdznam ve kterém musi byt oznaceny jednotlivé
slozky smési. V piipadé kritickych separaci (separace dvou analytdl s malym
rozliSenim) muze byt selektivita doloZena rozlisenim dvou slozek smési s velmi
blizkymi vlastnostmi, které jsou eluovany v tésné blizkosti.

o Dostupné (znamé) necistoty

V piipadé¢ metod urcenych pro stanoveni obsahu ucinné latky, se selektivita
potvrdi pfiddnim zndmého mnozstvi necistoty nebo pomocné latky (latek) do
modelového vzorku, ktery obsahuje znamé mnoZstvi latky ucinné. Porovnanim
vysledkd stanoveni takto ptfipraveného modelového vzorku a vzorku obsahujiciho
pouze latku Uc¢innou, musi byt prokdzano, ze ptidavek necistoty (pomocné latky)
neovliviiuje vysledky stanoveni G€¢inné latky.

Pii zkouskach urcenych pro hodnoceni Cistoty se selektivita prokazuje analyzou
vzorku pfipravenych pfidanim zndmého mnozstvi necistoty (necistot) k uéinné latce
nebo 1éCivému piipravku. Nasledn¢ se sleduje separace mezi témito necistotami
navzajem a/nebo mezi jinymi slozkami matrice.

o Nedostupné necistoty

V piipad€, Zze necistoty a/nebo rozkladné produkty nejsou znamé, hodnoti se
selektivita metody porovnanim vysledki analyzy vzorkd obsahujicich danou
necistotu nebo rozkladny produkt svysledky jiné dobie definované validované
analytické metody (nezavisla metoda). Pro tento ucel je vhodné pouzit vzorky ze

zatézovych testd (napf. kyseld, zasadita hydrolyza, svétlo, vlhkost atd).
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Pfi  hodnoceni selektivity metody je vhodné provést ovéieni Cistoty
chromatografického piku. Pro tyto ucely se nejcastéji pouzivd DAD (popt. MS)

detekce?®!

2/ Spravnost (Accuracy)
Spravnost metody je vyjadiena jako shoda vysledkii stanoveni provadénych
danou metodou a skute¢nych hodnot.
a/ Stanoveni obsahu Gu¢inné latky
o Stanoveni obsahu ucinné latky v substanci je mozno provadét nasledujicimi
zpusoby:
a/ pouzit vyvinutou metodu pro analyzu latky o znamé Cistoté (referencni
latka)
b/ porovnavat vysledky dané metody S vysledky jiné dobie popsané metody
0 predem definované spravnosti (nezavisla metoda)
¢/ odvodit spravnost soub&ézné s uréovanim piesnosti, linearity a selektivity
metody
o Stanoveni obsahu v lécivem pripravku je mozno provadét nasledujicimi
zpusoby:
a/ pouzit vyvinutou metodu pro analyzu smési vSech komponent (obsazenych
v daném ptipravku), do které bylo pfidano zndmé mnozstvi stanovované latky
b/ v ptipadé, ze neni mozné ziskat smes vSech komponent ptipravku, je
mozné bud pifidat znamé mnozstvi analytu do lécivého piipravku nebo
porovnat vysledky dané metody s vysledky jiné metody s ptesné definovanou
pfesnosti (nezavisla metoda)
¢/ odvodit spravnost soub&ézné s uréovanim piesnosti, linearity a selektivity
metody
b/ Hodnoceni ¢istoty - kvantitativni test, je mozno provadét nasledujicimi
zpusoby:
a/ zjistit spravnost metody analyzou vzorku s ptidavkem znamého mnozstvi
necistoty
b/ v ptipadé, Ze neni mozné ziskat danou necistotu je mozné porovnat

vysledky dané metody s vysledky ziskané jinou nezdvislou metodou.
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Je doporuceno provadet nejméné 3 stanoveni na minimaln¢ 3 koncentracnich
hladinach pokryvajicich celé rozmezi metody. Spravnost miize byt vyjadiena jako
procento vytéznosti stanoveni znimého mnozstvi analytu pfidaného ke vzorku nebo

jako rozdil mezi primérem a akceptovanou skute¢nou hodnotou®®*!,

3/ Presnost (Precision)

Presnost metody je mira tésnosti vysledkii méfeni ziskanych vicendsobnou
analyzou téhoz homogenniho vzorku. Pfesnost byva hodnocena na tfech trovnich:
opakovatelnost, intermedialni pfesnost a reprodukovatelnost.

a/ Stanoveni obsahu ucinné latky a hodnoceni ¢istoty (kvantitativni test)

o opakovatelnost - je pozadovano minimaln¢ 9 stanoveni pokryvajicich cely
rozsah méfeni (napi. 3 definované koncentrace o 3 vzorcich v jedné
koncentraci) nebo minimalné 6 stanoveni na 100 % koncentraé¢ni hladiné.

o intermedialni presnost - jde o ureni ndhodnych vlivli na piesnost metody
(stejné analyzy provadéné jinym analytikem nebo na jiném piistroji atd.).
Rozsah zavisi na piredpokladaném pouziti metody.

o reprodukovatelnost - jde o pfesnost méfeni mezi vice laboratofemi

Pro kazdou turoveil piesnosti je doporuceno uvadét smérodatnou odchylku,

relativni smérodatnou odchylku a interval spolehlivostizg'gl.

4/ Detekéni limit (Detection limit)

Detekéni limit je definovan jako nejniz8§i mnoZstvi analytu ve vzorku, které miize
byt danou metodou detekovano, avSak nemusi byt piesné kvantifikovano. Pfistupy
pro ur¢eni detekéniho limitu se liSi v zavislosti na tom, je-li dand metoda
instrumentéalni nebo neinstrumentalni.

e Vizualni hodnoceni je pouzivané piedev$im u neinstrumentalnich metod,
nicméné lze tento zplsob pouzit i u metod instrumentalnich. Analyzou vzorki se
spolehlivé detekovana.

e Porovniani poméru signal-Sum - porovnanim zaznaml analyz vzorkd se
znamym nizkym obsahem analytu a zaznamu slepého (blankového) vzorku se urci
koncentrace, pfi které je signal vzorku trojnasobné vétsi nez signdl Sumu na zaznamu

blanku. Tato koncentrace byva povazovana za detekcni limit.
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e Metoda vychazejici ze smérodatné odchylky signalu a jeji smérnice -
detek¢ni limit je vyjadien jako DL.

330
S

DL [9]

o - smérodatnd odchylka signalu

S - smérnice kalibra¢ni kiivky

Smérnice ,,S“ byva zjisténa z kalibracni kiivky, o mlze ureno riiznymi zpiisoby
napf.:

o Metoda vychazejici ze smérodatné odchylky slepého vzorku (blanku) -
analyzou vhodného poctu slepych vzorkii se zméti velikost analytického
pozadi a vypocitaji se smérodatné odchylky téchto signalti.

o Metoda zalozena na kalibracni kiivce - Sestroji se specificka kalibracni
ptfimka ze vzorki obsahujicich danou latku v koncentraénim rozsahu
blizkému detekéniho limitu. Linearita této pfimky se vyhodnoti metodou
line4rni regrese. Residudlni smérodatna odchylka této regresni piimky nebo

smérodatnd odchylka y — hodnot regresnich pfimek muize byt pouzita jako o.

Detekéni limit i metoda, kterou byl stanoven by mély byt doloZeny ve
valida¢ni zpravé. V piipadé visudlniho hodnoceni nebo porovnani signéalu a Sumu je

. . . . , 28,31
za akceptovatelné povazovano dolozeni relevantniho chromatogramu 831

5/ Kvantitativni limit (Quantification limit)

Kvantitativni limit je nejniz8i koncentrace latky, kterd je stanovitelnd
S pfijatelnou ptesnosti a spravnosti. Pro stanoveni kvantitativniho limitu lze pouzit
fadu zplsobu, v zavislosti na tom, jestli je dand metoda instrumentalni nebo ne.
Akceptovatelné jsou 1 jiné metody nez které jsou uvedeny nize.
e Vizualni hodnoceni je mozné pouzit u instrumentalnich i neinstrumentalnich
ktera je jesté kvantifikovatelnd s pfijatelnou pfesnosti a spravnosti.
e Porovnani poméru signal-Sum detektoru - porovnanim analyz vzorkl se
znamym nizkym obsahem analytu a slepych vzorki se urci se koncentrace, jejichz

signal je roven desetindsobku Sumu. Tato koncentrace byvd povaZovana za

kvantitativni limit.
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e Metoda vychazejici se smérodatné odchylky signalu a jeji smérnice -

kvantitativni limit je vyjadien jako QL

oL=—"2 [10]

o - smérodatna odchylka signalu

S - smérnice kalibracni kiivky

S byva zjisténo z kalibra¢ni kfivky, o mize byt ur¢eno obdobnym zpisobem jako
Vv ptipadé stanoveni limitu detekce. V piipadé uziti metody zalozené na kalibracni
kiivce se vSak sestroji kalibracni zavislost se vzorkli obsahujicich analyt

V koncentra¢nim rozmezi blizkém QL.

Kvantitativni limit a metoda, kterou byl stanoven by méla byt doloZena ve
valida¢ni zpravé. Kvantitativni limit by mél byt ndsledné¢ potvrzen analyzou

r ~ 4 o /4 4 s 1
vhodného mnozstvi vzorkii o znamem obsahu analytu v blizkosti QL.

5/ Linearita (Linearity)

Linearita je schopnost metody poskytovat vysledky pfimo tmérné koncentraci
analytu ve vzorku. Linearita se vyhodnocuje s ohledem na rozsah metody. Muze byt
prokazana ptimo analyzami standardnich roztokt G¢inné latky (ziskané ziedénim
standardnich zasobnich roztokti) a/nebo analyzou smési slozek 1é¢ivého pripravku.
Zavislosti signalu detektoru na koncentraci nebo obsahu analytu ve vzorku se
zpravidla vyhodnocuje pomoci vhodnych statistickych metod (napt. vypocitani
regresni piimky za pouziti metody nejmensich ¢tverct). V nékterych ptipadech se
vysledky stanoveni musi matematicky transformovat, aby bylo dosazeno linearni
zavislosti.

Korela¢ni koeficient, tsek na ose ,,y*“ a smérnice pfimky musi byt soucasti
validaéni zpravy. Vhodnym doplnénim vysledkt linearity mohou byt analyzy
odchylek namétenych vysledka od regresni kiivky.

Pro stanoveni linearity se doporucuje pouzit nejméné¢ 5 Koncentraci

analyzované létky28'31.
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6/ Rozsah (Range)

Rozsah obvykle vychazi ze studie linearity a zévisi na pfedpoklddaném pouziti
ve vzorku, ve kterém vykazuje dand metoda dostate¢nou miru spravnosti, piesnosti
a linearity.

ICH uvadi nasledujici doporuceni tykajici se minimalniho rozsahu:

e 80-120 % - pro stanoveni obsahu ucinné latky nebo kone¢ného produktu

e 70-130 % - pro stanoveni obsahové stejnomérnosti (pokud charakter Iékové
formy nevyzaduje rozsah $irs$i)

e £ 20% nad specifikovaného rozsahu pro disolu¢ni testy

e pro stanoveni necistot - od limitu nad ktery musi byt neéistoty uvedeny (reporting

level) do 120 % stanoveného limitu pro obsah dané nedistoty

V piipadé hodnoceni obsahu a ¢istoty v jednom testu a pouziti pouze standard
Vv jedné 100 % koncentraci, by linearita metody méla pokryt rozsah od limitu nad
ktery musi byt necistoty uvedeny (reporting level) az po 120 % stanoveného limitu

o 28,31
pro obsah dané negistoty?>*,

7/ Robustnost (Robustness)

Robustnost metody je mira jeji schopnosti ziistat neovlivnéna pii malych
zménach parametrii. Robustnost tak poskytuje informace o vhodnosti metody pro
kazdodenni pouziti. Robustnost by méla byt testovana jiz béhem vyvoje, pii¢emz
jednotlivé testované parametry zavisi na typu vyvijené metody. V pfipadé€, Ze je
metoda citlivd na zmény analytickych podminek, maji byt tyto podminky vhodné
kontrolovany a nebo zahrnuty do metody v podobé piedbéznych opatieni.
Vysledkem hodnoceni robustnosti ma byt stanoveni série parametri nazyvanych
systém zpusobilosti systému, ktery =zajisti validitu analytické metody pfi
kazdodennim pouziti.

Typické parametry robustnosti jsou: stabilita analytickych roztokd, extrakcni

doba, zmény pH, slozeni a prutok mobilni faze, zmény teploty na koloné atd.”®3,
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8/ Test zpusobilosti systému (system suitability test - SST)

Test zpusobilosti systému je soucasti mnoha analytickych metod, predevsim vsak
metod separacnich. SST vychazi z piedpokladu, Ze piistrojové vybaveni, elektronika
analytické operace a vzorky pouzité pro analyzu vytvari integralnim systém, ktery se
hodnoti jako celek. SST je souborem kritérii, které musi byt splnény, aby dana
metoda mohla byt pouzivana v kazdodenni praxi, bez toho aniz by byla pokazdé

znovu validovana. Parametry SST jsou uvedeny v narodnich 1ékopisech?®*.

3.4.2. Validace metod podle USP

Americky 1ékopis (USP) obsahuje, na rozdil od Iékopisu Evropského podrobnéjsi
definice jednotlivych valida¢nich pojmi, avsak nékteré pojmy a charakteristiky jsou
ponckud odlisné od pozadavki uvedenych v ICH smérnicich. Tabulka ¢.2 srovnava
parametry pozadované pro validace metod v USP a ICH. Podrobnégj$i srovnani
valida¢nich parametrd USP a ICH smérnic je shrnuto Vv kapitole tykajici se validace
v monografii kolektivu autoru — Stabilita lie¢iv a lickov®® nebo piehledného &lanku
G.A. Shabir®.

Valida¢ni parametr ICH | USP
Spravnost (Accuracy) + +
Ptesnost (Precision) + +
Opakovatelnost (Repeatability) +
Intermedialni presnost (Intermediate precision) | +
Reprodukovatelnost (Reproducibility) +
Selektivita (Selectivity) + +
Detekeni limit (Detection limit) + +
Kvantitativni limit (Quantification limit) + +
Linearita (Linearity) + +
Robustnost (Robustness) + +
Odolnost (Ruggedness) - +

Tabuzlgka ¢. 2. Porovnani validacnich parametrii pro analytické metody podle ICH a
USP~".
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3.4.3. Validace bioanalytickych metod podle doporuéeni FDA

Dokument ,,Bioanalytical Method Validation, Guidance for Industry”
poskytuje obecné doporuceni pro validaci bionalytickych metod, pouzivanych pro
ucely klinickych studii u nichz jsou zjistovany farmakokinetické parametry (napft.
studie biologické dostupnosti, bioekvivalence). Tento dokument pokryva také
validace metod pouzivanych pro potieby nehumanich (experimentalnich)
farmakologickych a toxikologickych studii. Zakladni valida¢ni parametry tohoto
dokumentu jsou: selektivita, spravnost, piesnost, citlivost, opakovatelnost a

stabilita®>3>3¢,

1/ Selektivita (Selectivity)

Selektivita analytické metody je schopnost spravné méfit koncentrace analytu
Vv pfitomnosti jinych komponentl vzorku (napf. endogenni latky z biologické
matrice, metabolity atd.). U bioanalytickych metod by selektivita méla byt ovéfena
analyzou vzorkt matrice (blankovych vzorkll) ziskanych z minimalné Sesti
riznych zdroju. Selektivita by méla byt testovana jiz pfi vyvoji analytické metody,
ale také by méla byt ovétovana pii analyzach realnych vzorkl (moZnost interference

L . 0132,37
1é¢iva a metabolitil)®*%" 38,

2/ Spravnost (Accuracy)

Spravnost vyjadiuje miru tésnosti vysledkd ziskanych danou metodou
a skute¢nych hodnot (koncentraci) analytu ve vzorcich. U bioanalytickych metod se
spravnost vyjadiuje jako vytéZnost (R) nebo jako odchylka zjisténé koncentrace od

pfijaté referenc¢ni hodnoty (bias).

c

Creal

R =——-100(%) [11]

C — Creal

Bias = -100(%) [12]

R - vytéZnost
¢ — stanovena koncentrace

Creal — skutecna koncentrace
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Spravnost musi byt ovéfena minimalné na 3 koncentra¢nich drovnich (horni,
stfedni a nizk4) a aspon péti samostatné pripravenymi vzorky na kazdé z nich.
U bioanalytickych metod by se primérna hodnota spravnosti na kazdé koncentra¢ni
urovni méla pohybovat v rozmezi 85 — 115 % s vyjimkou limitu kvantifikace, kde

miize dosahovat hodnot 80 - 120 %6233,

3/ Presnost (Precision)
Mira té€snosti shody vysledkii jednotlivych méfeni. Vyjadiuje se jako relativni

smérodatnd odchylka R.S.D. resp. variacni koeficient (CV%).

cV = S;" 100(%) [13]

Sq- smérodatna odchylka

X- stfedni hodnota méfeni

Ptesnost musi byt ovéfena minimalné na 3 koncentraénich drovnich (horni,
stfedni a nizké) a aspon péti samostatné pripravenymi vzorky na kazdé z nich.
Piesnost byva bézné hodnocena V sériich v ramci jednoho dne (intra-batch, intra-
day) a mezi sériemi a v ramci vice dni (inter-batch, inter-day). Hodnoceni ptesnosti
muze mit tfi Grovné (opakovatelnost, mezilehld ptfesnost a reprodukovatelnost).
Hodnota variacniho koeficientu u bioanalytickych metod by méla byt maximalné

15 %, kromé piesnosti na limitu kvantifikace, kde je povolena hodnota 20 %6°%38%°,

4/ Extrakéni vytéZnost (Recovery)

Extrakéni vytéznost vyjadfuje ztraty, které jsou zplsobené izolaci analytu
z biologické matrice. Extrakéni vytéZnost byva zjistovana porovnanim plochy (popf.
vysky) pikli analytu extrahovaného vzorku a plochy (popt. vySky) piku standardu
0 stejné koncentraci. Extrakéni vytéZnost mize byt zavisla na koncentraci analytu,
a tak musi byt testovana ve vice koncentracich (aspon tfech). Nemusi vzdy dosahovat
hodnot blizicim se 100 %, ale ma byt koncizni a reprodukovatelna.

Kromé extrakéni vytéznosti analytu, byva stejnym zplsobem zjiStovana také

Y LR s o~ Lo rz 2
vyt&znost vnitiniho standardu v koncentraci uZivané pii analyzach®**%%,
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5/ Kalibraéni krivka (Calibration curve)

Kalibra¢ni kiivka vyjadiuje zavislost mezi odezvou detektoru a zndmym
mnozstvim analytu ve vzorku. Kalibrac¢ni kiivka by méla byt sestrojena pro kazdy
analyt ve vzorku za pouziti dostate¢ného mnozstvi standardi pro popsani zavislosti
mezi koncentraci a odezvou.

Kalibracni vzorky se pfipravuji pfidavkem zndmého mnozstvi referencniho
standardu do vzorku prazdné plasmy (blank). Pocet kalibra¢nich vzorka a jejich
koncentrace zalezi na predpokladaném rozsahu metody. Kalibracni pfimka by
méla obsahovat vzorek matrice bez analytu (blank), nulovy vzorek (matrice
S vnitinim standardem) a Sest az osm nenulovych kalibra¢nich vzorkti pokryvajicich
koncentra¢ni rozmezi véetné limitu kvantifikace.

Aby mohla byt kalibraéni pfimka pouzivana, musi aspon €tyFi body (Sesti
bodova kalibrace) spliiovat podminku maximalné 15 % odchylky od nominalni
koncentrace analyti ve vzorku. Na limitu kvantifikace je povolena 20 % odchylka.
Maximalné dva nenulové body mohou nespliovat toto kritérium, ale nesmi jit o body
na hornim (ULOQ) a dolnim limitu kvantifikace (LLOQ). Asponn dvé ze tii
ptipravenych Kkalibra¢nich kiivek musi tato kritéria spliiovat, aby mohla byt metoda

v I . 7132
povazovana za linearni® 33,

6/ Dolni limit kvantifikace (LLOQ)

Podle smérnice FDA je za kvantitativni limit (LLOQ) povaZovédna takova
koncentrace analytu, pfi které je pomér signalu a Sumu 5:1 a pii které je pik analytu
dobfte identifikovatelny, oddéleny a reprodukovatelny s presnosti 20 % a spravnosti
minimalné 80-120 %. LLOQ by mél byt ur€en na zéklad¢ analyz minimalné péti
nezavislych standardnich vzorku a vyhodnoceni jejich CV a/nebo pftislusného
konfiden¢niho intervalu. LLOQ je povazovano za dolni mez pro stanoveni, horni
mez (ULOQ) byva definovana bodem o nejvyssi koncentraci na kalibracni kiivce.
Vzorky o vyssi koncentraci mohou byt analyzovany po adekvatnim zfedéni. Toto

T 1 D . 323839
zifedéni vSak musi byt validacné doloZeno .

7/ Stabilita (Stability)
Jednim z dtlezitych predpokladii pro ziskani reprodukovatelnych
a hodnovérnych vysledkii métfeni je stabilita vzorkti i standardi béhem celého

procesu piipravy, skladovani i vlastni HPLC analyzy. Stabilita vzorka v biologické
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matrici je funkci skladovacich podminek, chemickych vlastnosti 1éciva, matrice
a obalového materidlu. Design stabilitni studie by vzdy mél odrazet podminky,
kterym budou vystaveny realné vzorky beéhem pfipravy, piepravy a vlastni analyzy.
V piipadé biologickych vzorki je potfebné vyhodnotit stabilitu analytu v biologické
matrici pii odbéru, zpracovani (napi. zamrazeni), transportu, skladovéani, nasledném
rozmrazeni, stabilitu analytt pii upravé vzorku i pii vlastni analyze.

Zpravidla se hodnoti:
e Kratkodoba stabilita analytu v biologické matrici - obvykle byva hodnocena
za laboratorni teploty v intervalech 4 - 24 hodin.
e Dlouhodoba stabilita analytu v biologické matrici - stabilita za béznych
skladovacich podminek — doba experimentu by méla byt delsi nez je Casovy tsek
mezi prvnim odbérem vzorku a analyzou posledniho vzorku.
e Stabilita analytu v matrici po rozmrazeni a opétovném zamrazeni - obvykle
se provadi v nékolika cyklech.
e Stabilita zasobnich roztokid - stabilita zasobnich roztokd analytu i vnitiniho
standardu za laboratorni teploty by méla byt hodnocena po dobu aspon 6 hodin.
V piipad€, ze jsou zasobni roztoky zamrazeny nebo uchovavany v chladu, méla by
byt jejich stabilita za téchto podminek dolozena.
e Stabilita zpracovavanych vzorku (stabilita v automatickém davkovaci) —
ucelem téchto hodnoceni je ovéfit stabilitu analytu a vnitfniho standardu b&hem
doby, kdy jsou vzorky uchovavany v automatickém davkovaci pied vlastni HPLC

anal}'lzou32'38‘39
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3.5. Uprava vzorku pfed HPLC analyzou

3.5.1. Uprava vzorku

Uprava vzorku je nedilnou souéasti vétsiny HPLC analyz, protoze umoziuje
ziskat homogenni roztok obsahujici analyzované latky, ktery muize byt nastiikovan
na chromatografickou kolonu. Cilem tohoto procesu je upravit vzorek aby:

e Dbyl zbaven necistot a moznych interferenci

¢ neposkozoval kolonu

e byl kompatibilni s pouzivanou HPLC metodou

e Vvpiipadé nutnosti umozioval zakoncentrovani nebo derivatizaci vzorku,

vhodnou pro zlepseni citlivosti detekce nebo zlepseni kvality separace®.

Na rozdil od HPLC analyzy neni proces upravy vzorku tolik automatizovany,
Casto zabere vice Casu nez vlastni analyza, avSak ma obvykle vyznamny vliv na

piesnost, spravnost nebo citlivost rnetodyg’40

. Modernim trendem V této oblasti je
snaha 0 automatizaci a on-line spojeni procesu uUpravy vzorku a vlastni HPLC
analyzy (SPE-HPLC, SPME-HPLC). Automatizace umoznuje eliminovat chyby
vzniklé pifi manualni Gpravé vzorku a je zvlasté cennd na pracoviStich, které
zpracovavaji denné velké mnozstvi vzorkli (napt. TDM). Idedlni metoda upravy
vzorku by méla byt rychla, automatizovatelna, jednoduchd, levnd a kompatibilni
s Sirokou §kalou analytickych technik™.

Pomoci HPLC lze po pfedchozi Gpravé analyzovat vzorky rizného charakteru

(organické, anorganické) i skupenstvi (kapalné, pevné, polotuhé)®*°.

3.5.2. Uprava biologického vzorku

Biologické vzorky jsou pomérné slozité matrice, které vétSinou nelze (s vyjimkou
vzorkd moc¢i nebo zlué¢i) ptimo nastiikovat na chromatografickou kolonu. Mezi
nejbeéznéjsi biologické materidly patii: plasma, sérum, krev, erytrocyty, mo¢ nebo
feces. Mezi méné be&zné materidly patii sliny, pot, vlasy nebo kize.
V experimentalnich podminkach mohou byt analyzovany také vzorky zlu¢i nebo

lyzath riiznych tkani'**,
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Pii vybéru metody Upravy biologického vzorku je nutné brat v uvahu charakter
apovahu biologického materialu, chemickou strukturu a fyzikalné-chemické
vlastnosti analytd (polaritu, rozpustnost, Schopnost ionizace), ale také piedpokladané
koncentracni rozmezi, ve kterém se bude analyt ve vzorcich Vyskytovatls.

K nejéastéji uzivanym technikim pro upravu biologickych vzorka patri:
deproteinace, extrakce kapalina-kapalina (LLE: liquid-liquid extraction)
a extrakce na pevnych fazich (SPE: solid-phase extraction). V posledni dobé se
zaCinad vyuzivat také mikroextrakce na pevnych fazich (SPME: solid phase
microextraction) nebo technika pfepinani kolon (column-switching).

Mezi dalsi metody upravy biologickych vzorkl patii napt. superkriticka fluidni
extrakce (supercritical fluid extraction) nebo mikroextrakce do kapalné faze (LPME:

liquid phase microextraction) a dalsi**** #4,

3.5.2.1. Deproteinace

Deproteinace patii k nejjednodussim metodam upravy biologickych vzorkt pied
HPLC analyzou. Béhem deproteinace jsou pomoci chemickych Ccinidel
(vyjimeéné pomoci proteolytickych enzymi) proteiny ve vzorku vysraZeny
a ¢iry supernatant je poté nastfikovan primo na HPLC kolonu. N¢kdy byva mezi
deproteinace zarazovana také metoda ultrafiltrace, avSak tento zpisob Upravy vzorku
umoziuje stanoVit, na rozdil od ostanich zpusobt deproteinace, pouze volnou frakci
16givat® 2%,

e Precipita¢ni deproteinace

Precipitacni deproteinace byva provadéna pomoci organickych rozpoustédel
misitelnych s vodou, pomoci silnych kyselin, solemi tézZkych kovi nebo kombinaci
nékolika téchto cinidel. Nejcastéji jsou pro precipitaci pouZivana organicka
rozpoustédla. Schopnost precipitace klesa v fadé: acetonitril > aceton > ethanol >
methanol. Silnymi precipitacnimi ¢inidly jsou také kyseliny trichloroctova
a chloristd. Soli téZkych kovi byva pouZivdno pouze ziidka, protoze vétSinou
nevykazuji dostatecnou ucinnost. Pii vybéru vhodného Ccinidla je nutné zvazit
vlastnosti analyti a jejich mozné interakce s precipitatnim Cinidlem (napf. stabilitu

v kyselém prostiedi, schopnost vytvaret komplexy s kovy atd.)*3#24®,
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o Ultrafiltrace

Pti ultrafiltraci dochéazi k oddéleni nizko a vysokomolekulirni frakce vzorku
za vyuziti semipermeabilni membrany (umoznujici pouze prichod latek
0 molekulové hmotnosti mensi nez 30 000) a odstiedivé sily (centrifugy). Na rozdil
od precipita¢ni deproteinace, pii nichz do supernatantu piechazi také frakce 1é¢iva
vazana na plasmatické proteiny, do ultrafiltratu ptejde pouze volna frakce léciva.
Membrany maji anizotropni strukturu a jsou pfipraveny tak, aby zachycovaly co
nejmensi mnozstvi ultrafiltratu, a také minimalizovaly moznost nespecifické vazby
[éCiv na membranu. Ultrafiltrani membrany jsou schopné obvykle zachytit 99,9 %
sérovych proteini. Mnozstvi ultrafiltratu zavisi na dob¢é a rychlosti centrifugace,
piicemz lepsich vysledkt je obvykle dosahovano pfipouziti centrifugy s fixnim
rotorem. Pro kazdy analyt je potfeba stanovit optimalni pH a ¢as nutny pro ustaleni
rovnovahy. Dulezitym parametrem je také teplota, ktera by méla byt udrzovana
béhem celého procesu ultrafiltrace konstantni, aby se minimalizoval jeji vliv na miru
vaznosti 16&iv347 %,
Ultrafiltrace miiZe byt pouzita:
a/ jako metoda odstranéni proteinti z biologickych vzorku, pouzitelna spise pro 1é¢iva
s nizkou vazbou na plasmatické proteiny49’ %0,
b/ pro stanoveni volné frakce 1é¢iva (napf. stanoveni volné frakce nékterych 1é¢iv
51,52

v ramci TDM - fenytoin, kyselina valproova, karbamazepin atd.)

¢/ stanoveni vazby lé¢iv na plasmatické proteiny (vyvoj novych 1éc¢iv, studie vaznosti

atd.)®.

e Enzymova deproteinace - jde o odstranéni proteinii pomoci proteolytickych
enzymi (trypsin, papin atd.). Tento zpusob uUpravy vzorku vsSak zatim nenaSel

o 1ANi Wi i1
Vv analyze 1éCiv §irsi uplatnéni 3

3.5.2.2. Extrakce z kapaliny do kapaliny (LLE: liquid-liquid extraction)

Zikladnim principem této metody je déleni latek mezi dvé nemisitelné
kapalné faze. Prvni fazi je vodna slozka a druhou tvoii svodou nemisitelné
organické rozpoustédlo. Vice hydrofilni analyty preferuji polarni - vodnou slozku,

zatimco hydrofobni latky pfechazeji snadno do organického rozpoustédla. Béhem
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extrakce tedy prechazi 1éCivo z biologického materialu (vodna slozka) do s vodou
nemisitelného organického rozpoustédla. Rozpoustédlo se odpaii dosucha, odparek
je vétsinou rozpustén v mobilni fazi a nastfikovan na kolonu.

Rozpoustédla pouzivana pro LLE by méli mit nasledujici vlastnosti:

- nizka rozpustnost ve vode (< 10%)

- tékavost

- kompatibilita s HPLC detekci

- vhodna polarita pro maximalni vytéznost

- vysoka Cistota pro minimalni kontaminaci vzorku

Latka se rozdéluje mezi dvé nemisitelné faze na zakladé svého rozdélovaciho

koeficientu:
Kp = = [14]
Caq

Kp - rozdélovaci koeficient
Co - koncentrace analytu v organické fazi

Caq - koncentrace analytu ve vodné fazi
Presnéjsi vyjadieni extrahovatelné frakce (E) je pomoci nasledujiciho vztahu:

KoV

V - pomér mezi objemem vodné a organické faze (Vo/Vag)

Aby probéhla jednokrokova kvantitativni extrakce, musi byt hodnota Kp dostate¢né
vysoka (>10), aby byl zachovan zaroven realizovatelny fazovy pomér (0,1<V<10).
V piipadg, ze je Kp pfilis malé, je nutné provést nékolikanasobnou extrakci. ZvySeni
Kp a tim i u¢innosti extrakce 1ze dosahnout nékolika riiznymi zpisoby:

- zménou organického rozpoustédla

- potlacenim ionizace analytu upravou pH

- pouzitim iontové-parového Cinidla
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- vysolenim analytu — po pfidani inertni soli (napf. siran amonny) do vodné faze
jsou anorganické ionty solvatovany molekulami vody. Dojde tim ke sniZeni
rozpustnost analytu ve vodné slozce a podpofi se jeho ptfechod do organické faze.

- upravou doby extrakce & 3.

Typickymi rozpoustédly pro L-L extrakci jsou alifatické uhlovodiky (hexan,
isooktan), ethery, dichlormethan, chloroform, ethylacetat atd. Krom¢& nemisitelnosti
s vodou je dulezitym kritériem polarita rozpoustédla ve vztahu k analytu. Maximalni
vytéznosti extrakce byva dosazeno, kdyz je polarita rozpoustédla blizka polarité
analytu. V nékterych ptipadech muze byt pro redukci interferenci pouzito zpétné
extrakce. Tato extrakce probihda ve dvou krocich. Napf. je-li analyt kyselého
charakteru, je nejdiiv pii nizkém pH extrahovan do organického rozpoustédla,
pficemz hydrofilni neutralni a bazické interference ziistdvaji ve vodné fazi. Poté je
k organické fazi ptidana vodna slozka o vysokém pH, analyt je ionizovan a zpétné
extrahovdn do této vodné faze. Nepolarni interference pak zlstavaji v organické
fazi®

Mikroextrakce je jiny zptsob L-L extrakce, kdy je fazovy pomér Vo/Vaq velmi
maly (0,001 az 0,01). Vytéznost extrakce byva v porovnani s klasickou LLE nizsi,
avSak dochazi ke zvySeni koncentrace analytu v organické fazi a k redukci objemu
pouzitych rozpoustédel. Nékteré moderni autosamplery jsou schopné provadét
mikroextrakci pii malych objemech piimo ve vialkach®,

Mezi nejbéznéjsi praktické problémy spojené s upravou vzorki pomoci
L-L extrakci patii napf-.:

- tvorba emulzi

- silna adsorpce analytu na ¢astice vzorku

- vazba analytu na vysokomolekularni komponenty (proteiny)

- vzajemnd rozpustnost obou fazi

- velka spotieba rozpoustédel® **.

3.5.2.3. Extrakce na pevnych fazich (SPE: Solid-phase extraction)

Extrakce na pevnych fazich je jednou z nejbéznéji uzivanych technik pro upravu

vzorku pifed HPLC analyzou. Principem metody je sorbce analytu ze vzorku na
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SPE sorbent, ktera je nasledovana selektivnim vymytim analytu prFisluSnym
organickym rozpoustédlem. Tento proces je principielné podobny
chromatografické separaci na HPLC kolon¢, avSak SPE kolonky jsou naplnény
vetsimi Casticemi (>40 um) nez HPLC kolony a maji také vyrazné€ nizsi ucinnost
separace (N < 100). Pii SPE extrakci je mozno vyuzit tradiéni mechanismy retence:
reverzni faze, normalni faze nebo iontové vyménny mechanismus®>3. SPE piekonava
nékteré nevyhody vySe zminované L-L extrakce (piedevsim Spotiebu rozpoustédel
nebo riziko tvorby emulzi®*"

Pti spravném pouziti mé SPE nésledujici vyhody:

- vyssi ucinnost extrakce

- nizké naroky na objem rozpoustédel

- dovoluje snazsi sbér frakci analyta

- predstavuje manudln¢ pohodlny proces S moznosti zpracovani vétsiho mnozstvi
vzorki soucasné °.

Nevyhodou tohoto zpusobu upravy vzorku muze byt jista variabilita riznych
Sarzi sorbentli, pon€kud vys$si cena SPE kolonek a mozZnost ireverzibilni sorbce
n&kterych analytt na sorbent®**,

Sorbenty pro SPE byvaji dodavany ve tfech zakladnich provedenich, a to jako
disky, sorbenty naplnéné v kolonkach (kartridzich) nebo ve stiikackach. Kartridze
byvaji plnény 100 mg - 1g sorbentu, kolonky ve tvaru ,stiika¢ek™ jsou dostupné
v riiznych objemech (1 - 20 ml) s riizngm mnoZstvim sorbetu (50 mg - 10 g)>**3,
SPE disky jsou tvofeny siti sklenénych vlaken vyplnénymi silikagelovou naplni nebo
se jedna o derivatizované membrany. Disky umoziuji ve srovnani s kolonkami vyssi
pritoky a rychlejsi extrakci®. Pro analyzu 1éCiv jsou nejcastéji pouzivany SPE
sorbenty naplnéni v kolonkach, které jsou komercné dostupné v pomérné Siroké
Skale riznych sorbent.

K pruchodu analytti kolonkou je mozno pouzit gravitaci, avSak tento zpisob
provedeni je extrémn& pomaly a nevhodny pro praktické pouziti. Cast&ji se pouzivaji
stiikacky, kterymi jsou vzorky manualné tlaceny pies kolonku. Tento zpusob
provedeni vSak muze byt problematicky v pfipadé, ze je vzorek viskozni nebo
obsahuje mechanické castice. Nejcastéji se proto pouziva vakua, které umoziuje

pomérné rychly prichod vzorku kolonkou. V ptipad¢ sériovych analyz je vhodné
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pouzivat vakuové zafizeni (tzv. ,,vacuum manifold) umoziujici upravu vice vzorkl

najednou®>?,

SPE zahrnuje nasledujici kroky:
- aktivace sorbentu

- naneseni vzorku

- odstranéni interferenci

- izolace analytu

Aktivace kolonky je provadéna ze dvou divodd. Prvnim je odstranéni necistot,
které by mohly byt v kolonce pfitomny. Druhym diivodem je zvlhéeni sorbentu. Pro
kondicionaci by mélo byt pouzito rozpoustédlo o silnéjsi elucni sile nezZ ma mobilni
faze, aby se vymyly vSechny mozné necCistoty. Nejbéznéji pouzivanym
rozpoustédlem pro aktivaci RP-SPE sorbentli nebo polarnich vazanych fazi (kyano,
amino nebo diol) je methanol. Methanol vsak zptsobuje deaktivaci silikagelového
sorbentu, a tak se pro kondicionaci kolonek obsahujicich sorbent charakteru
nemodifikovaného silikagelu pouzivaji rozpousStédla o stfedni polarité (napft.
dichlormethan). Po aktivaci sorbentu je jesté nutné na kolonku nanést rozpoustédlo,
které je kompatibilni se vzorkem. V piipad¢ analyz vzorkl biologickych tekutin se
kolonky obvykle promyvaji vodou nebo pufrem o fyziologickém pH. V piipad¢, ze
kolonka béhem doby mezi aktivaci a aplikaci vzorku vyschne, je nutné proces
aktivace opakovat® >,

Vzorek je nanesen na kolonku rozpustény v rozpoustédle o nizké elu¢ni sile, aby
se analyt dostatecné¢ naadsorboval na sorbent. Poté je kolonka proplachnuta
rozpoustédlem nebo rozpoustély (pro RP-SPE voda nebo pufr) o malé elu¢ni sile,
aby se odstranily interference zadrzované méné nez analyt. V tomto kroku se ¢asto
pouzivaji roztoky o rizném pH. Né&kdy se také pfidava malé mnozstvi organického
rozpoustédla (5 %), aby doslo k vymyti také vice hydrofobnich interferenci.

Dalsim krokem extrakce je selektivni eluce analytu. V piipadé, Ze je nutné
dosdhnout co nejvétsi citlivosti metody, je hlavnim cilem pouzit co nejmensi,
nezbytné nutné mnozstvi rozpoustédla pro eluci analytu. Tento pozadavek byva
obvykle nejlépe spInén pouzitim mobilni faze o velké elu¢ni sile. Eluce obvykle
vyzaduje objem mobilni faze rovny asi 5-10 objeméim sorbentu®>*,

V zajmu ziskani pfesnych a reprodukovatelnych vysledki je nutné, aby vSechny

kroky SPE extrakce probihaly stale stejnym zptsobem. Tento pozadavek je nejlépe
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splnén pii pouziti automatizovanych systémii. Pouziti automatizovanych systémui
zvySuje piesnost vysledkil, redukuje jejich variabilitu a mozné chyby zplsobené
zavinénim operétora8‘53.

V posledni dobé je vénovana pozornost novym, specidlnim selktivnim typam
sorbentt (affinity-based SPE sorbents). Tyto sorbety obsahuji afinitni ligand (lecitin,
protein A nebo G, peptidy, protilatky, polymery s molekularnim otiskem - MIP-
molecularly imprinted polymers atd.). Velmi nadéjné se zdaji byt pfedevs§im sorbenty
na bazi imunosorbentt nebo MIPs, protoze vykazuji vysokou selektivitu k uréitému

typu analytu nebo skuping analyti °% .

3.5.2.4. Mikroextrakce na pevnych fazich (SPME: Solid-phase microextraction)

Mikroextrakce na pevnych fazich vyuziva procesu sorbce analyti
obsazenych v kapalnych a plynnych vzorcich na tenké vlakno. VéEtSinou jde o
kifemennd vldkna pokrytd polymerni stacionarni f4zi nebo v nékterych ptipadech 0
polymerni faze kombinované spevnym sorbentem (napi. polydimethylsiloxan,
divinylbenzen atd.). Vlakno je pfichyceno pomoci pistu v drzéku, ktery pfipomina
mikrostiikacku. Tento pist umoznuje vysunuti a opétovné zasunuti vlakna do duté
jehly drzédku. Béhem extrakce je vlakno ponotfeno do vzorku a po ustéleni rovnovahy
mezi koncentraci analytu sorbovaného na vlakné a koncentraci analytu ve vzorku je
pieneseno bud’ do prostoru GC nebo HPLC, kde dochazi k desorpci analytu teplem
nebo mobilni fazi. Kromé desorpce analytu ptimo v GC nebo HPLC systému, lze
tuto techniku vyuzit také v off-line usporadani. Mnozstvi analytu, které se adsorbuje
na vldkno zavisi na typu a tloust’ce polymerni vrstvy a na distribu¢ni konstanté
analytu. Upravu selektivity izolace lze provést také upravou podminek (sorbéni ¢as,
teplota extrakce, hloubka ponoru vldkna nebo rychlost michani vzorku). VSechny
tyto parametry je nutné béhem vyvoje metody optimalizovat. Vliv na ucinnost

extrakce ma také pH nebo iontova sila vzorku*04+°057,
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3.5.25. Prepinani kolon (Column-switching - CS - multidimenzionalni

chromatografie)

Multidimenzionalni chromatografiec je vhodnym nastrojem pro separaci
a purifikaci multikomponentnich vzorkii. Tato technika umoZiuje selektivni
prevedeni casti vzorku z jedné kolony (koncentra¢ni, predseparacni) k separaci na
kolonu druhou (analytickou). Technika ptfepinani kolon byva pouZzivana pro:
- odstranéni latek poSkozujicich kolonu 2 (napi. proteiny)
- odstranéni pozdnich eluenta
- odstranéni latek, které interferuji s analytem

- jako alternativa ke gradientové eluci

V HPLC je column-switching realizovan spojenim dvou kolon pomoci
vysokotlakého vicecestného piepinaciho ventilu. Jednotlivé slozky vzorku jsou
nejprve Casteéné separovany (piedseparace) na prvni kolong, a poté frakce obsahujici
analyt putuje do druhé kolony, kde dochazi ke kone¢né separaci. Ob¢& kolony mohou
byt naplnény stejnym nebo rozdilnym sorbentem.

Column-switching muize byt realizovan bud’ manualné¢ nebo automaticky,
nicméné vétSina aplikaci je dnes provadéna plné automaticky. Dulezitym
experimentalnim pozadavkem je kompletni pfenos analytu z jedné kolony do druhé,
ktery vyzaduje ptisnou kontrolu Casu piepnuti. I kdyZ je tato metoda podobna
HPLC analyzdm vzorki piedem upravenych pomoci SPE, existuji zde
nasledujici rozdily:

- SPE kolonky jsou vyrobeny pouze na jedno pouziti, ale prekoncentraéni kolonu
v CS je mozné pouzivat cca 50-100 nastfikd. Pozornost vSak musi byt vénovana
dostatecnému proplachu této kolony po kazdém vzorku.

- Prekoncentra¢ni kolony maji vétsi ucinnost nez SPE kolonky, a tak jsou zony

analyti uzsi a extrakty jsou Cistsi nez v ptipadé SPE® 8.
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3.6. Stabilita 1é¢iv a 1é¢ivych pripravki

Jednim ze zdkladnich pozadavkl pro zajisténi Gucinné a bezpecné farmakoterapie
je predpoklad, ze si 1é¢iva udrzi patfiéné kvalitativni a kvantitativni parametry, tj. ze
budou bezpecna a dostateéné ucinna po celou dobu pouzitelnosti. Regulatorni organy
proto vyzaduji, aby vyrobce zajistil, ze 1é¢iva budou po celou tuto dobu dostatecné
stabilni a tak nedojde k negativnimu ovlivnéni u&innosti a bezpetnosti terapie’.

Pojem ,stabilita® ve farmacii zahrnuje jak stabilitu G¢inné latky, tak stabilitu
l1é¢ivého piipravku. Stabilita 1éCiv je ovéfovana vyrobcem pomoci stabilitnich testi.
Cilem téchto testu je zjistit, jak se méni kvalita 0¢inné latky nebo 1é¢ivého ptipravku
v ¢ase vlivem puasobeni ruznych faktori (napf. teplo, vlhkost a svétlo), doporucit
podminky uchovavani a stanovit dobu reatestace pro u¢innou latku (,,re-test period®)
nebo dobu pouzitelnosti pro 1é¢ivy ptipravek (,,shelf-life“)Sg’ %0,

Testovani stability novych ucinnych latek je integralni soucasti vyzkumu
a vyvoje novych lé¢iv. Poskytuje fadu informaci dilezitych pro vyvoj 1ékové formy,
vyvoj a validaci stabilitu hodnoticich analytickych metod a také pro stanoveni mezi
pfijatelnosti — specifikaci. Specifikace je soubor fyzikalnich, chemickych
a mikrobiologickych zkousSek a kritérii pro jejich vyhodnoceni, které znamenaji, ze
1é¢ivo vyhovuje kvalitativnim pozadavkam? ®. P¥i vyvoji novych lékovych forem
jsou informace o stabilité G¢inné latky vétsinou dostupné v literatuie nebo Vv ptislusné
dokumentaci. Hlavni pozornost tedy byva upfena na hodnoceni stability nové 1ékové
formy. Stabilita 1é¢ivého pripravku je urCena piedev§im jeho sloZenim a vnitinim
obalem, avSak vyznamnou roli muze hrat také postup zpracovani jednotlivych
slozek. Nezanedbatelny vliv na stabilitu ma také kompatibilita, a to jak jednotlivych
slozek navzajem, tak i lékové formy jako celku a obalu® %,

Pozadavky na stabilitu 1éCiv jsou soucasti mnoha mezindrodnich dokumenti.
V Evropé jde o sérii predpisi “Directive and Regulatory Requirements®, které byly
zpracovany a vydany prostfednictvim Mezindrodni harmoniza¢ni konference
(International Conference on Harmonization - ICH) a Vyboru pro chranéné 1écivé
pripravky (Committee on Proprietary Medicinal products - CPMP). Aktivity ICH
zahrnuji nejen oblasti Evropy, ale i USA a Japonska, a tak jsou tyto dokumenty
zavazné pro velkou Cast svéta. Jsou akceptované a piebirané do zavaznych predpist

I vzemich nepfihlasenych do ICH (Kanada, Australie atd.). Kromé téchto
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dokumentt je zde fada dalSich ptedpisti vydavanych WHO zamétenych na genericka
1é¢iva®®. Dillezitou otazkou viech t&chto dokumenti je pfipustny rozsah zmén, které
jesté nevedou k zasadnimu ovlivnéni piivodni kvality 1é¢iva. Mirou stability je ¢as po
ktery lé¢ivo splnuje vSechny kvalitativni parametry. Podle mezinarodnich doporuc¢eni
je lé¢ivo stabilni pokud neklesne obsah ucinné latky pod 90 % a kdy chemické,
fyzikalni a mikrobiologické zmény negativné neovliviuji jeho aplikaci, biologickou

dostupnost, nezvysuji toxicitu nebo nevyvolavaji nedtivéru k jeho kvalits? .

3.6.1. Faktory ovlivhujici stabilitu

Faktory ovliviiujici stabilitu 1é¢iv byvaji rozdélovany na vnitini a vnéjsi.

Vnitini faktory jsou determinovany piedevsim vlastnostmi jednotlivych slozek
1¢ékové formy. Hlavni tlohu hraji chemické vlastnosti u¢innych i pomocnych latek,
vlastnosti obalovych materialti, ale také mnohé dalsi faktory (velikost castic,
vlastnosti pouzitych rozpoustédel, pfitomnost chemickych rezidui a necistot
z vyroby). Vnéjsi faktory zahrnuji predevsim teplo, svétlo, vzduch, ale také
technologické zpusoby zpracovani jednotlivych slozek do vysledné formy, zptsob

baleni a uchovavani®.

Hlavni faktory ovliviiujici stabilitu 1é¢iv:

e Chemické a fyzikalné-chemické rozkladné reakce

Hydrolyza je nejCastéjSim druhem chemické rozkladné reakce, kterd mize
negativné ovlivnit stabilitu 1é¢iv. Voda pfitomna v 1é¢ivém piipravku jako pomocna
latka nebo jako vzdu$na vlhkost mize vyznamné ovliviiovat stabilitu ucinnych
I pomocnych latek. Léciva obsahujici ve své molekule esterovou, amidovou,
laktamovou nebo laktonovou funk¢ni skupinu jsou ktomuto zpusobu rozkladu
pomérné citlivat?®®2, Chemicka stabilita vodnych roztokl fady 1éCiv je zavisla na
hodnoté pH. Aktualni acidita téchto roztoki je dulezitou vlastnosti, kterou je nutné
monitorovat, aby se zabranilo nezadoucim rozkladnym reakcim. Dalsi castou
rozkladnou reakci 1éCiv charakteru piedevsim aldehydd, alkoholt, ketonti nebo
alkaloidii je oxidace. Oxidace je komplexni chemicka reakce, ktera byva obvykle

katalyzovana kyslikem, t€zkymi kovy nebo svétlem. V piipadé 1éCiv, u kterych je
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biologicky ucinek vazan pouze na jeden enantiomer je izomerizace moznym rizikem
vedoucim ke snizeni u€innosti terapie.

VSechny vySe zminéné rozkladné reakce mohou byt katalyzované anebo
spousténé pusobenim slunecniho nebo umélého svétla, v jehoz dasledku nastava
fotolyza. Expozice svétlem Casto vede rozkladu 1é¢iv nebo k nezadoucim zménam
v jejich barve®,

e Pomocné latky

Pomocné latky jsou vedle latek ucinnych dilezitymi slozkami 1é¢ivého
pripravku. Jejich ulohou je napomahat vyrob¢, aplikaci, optimalizovat biologickou
dostupnost a také pomahat udrzovat kvalitu 1é¢ivého piipravku. Jejich vzajemné
interakce vSak mohou, v nékterych ptipadech, vést ke zhorSeni kvality 1é¢ivého
pripravku. Kromé toho, pomocné latky mohou interagovat s latkami u¢innymi a tim
negativné ovliviiovat kvalitu 1é¢ivého ptipravku. Chemické interakce zpusobené
pomocnymi latkami mohou zrychlit rozklad G¢inné latky a tim snizit jeji obsah
pottebny pro terapeuticky uéinek. Navic reaktivni meziprodukty téchto reakci pak
mohou ohrozovat bezpe¢nost a snasenlivost terapie. Fyzikalni interakce mohou snizit
rozpustnost nebo obsahovou rovnomérnost 1écivého pfipravkuzs.

e Necistoty z vyroby

Mezi dalsi faktory ovliviyjici stabilitu 1é¢iv patii neCistoty. Necistoty a rezidua
pochézejici z vyroby u¢innych i pomocnych latek mohou sami o sobé nebo svymi
nezaddoucimi interakcemi se slozkami 1é¢ivého ptipravku vyrazné pftispivat
K urychleni rozkladu u¢innych latek, popt. pomocnych latek, a tim vyrazné snizovat
kvalitu Ié€ivého ptipravku (napt. ovlivnénim pH 1ékové formy)zg.

e Ostatni faktory

Vyznamny vliv na stabilitu 1é¢iv ma také vybér technologického zpisobu

zpracovani jednotlivych sloZzek do findlni l1ékové formy?,
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3.5.2. Rozdéleni testa stability

o ZatéZové testy

e Zrychlené testy

e Dlouhodobé testy

e Ostatni testy (testy pri zménach v registraci, testy stability pri pouZivani

16¢iv)

3.5.2.1. Zatézové testy (Stress tests)

Cilem zatéZovych testi je definovat vlastni stabilitu molekuly 1é¢iva, popsat
mechanismy rozkladu a identifikovat mozné rozkladné produkty. Kromé toho
zatézoveé testy poskytuji informace dulezité pro vyvoj a validaci stabilitu hodnoticich
analytickych metod. V pfipadé, Ze je léc¢ivo popsdno v nckteré ze zavaznych
I¢kopisnych monografii, neni nezbytné¢ nutné vykondvat stresové zkousky. Pro
ovéfeni zpusobti a mechanismt rozkladu 1é¢iv mlze byt vyuzito informaci
dostupnych ve védecké literature.

Doporuceni tykajici se provedeni stresovych zkousek novych substancich jsou
popsany ve smérnici ICH - Q1A% pro genericka lé¢iva plati smérnice
CPMP/QWP/122/03%. ICH predpisy neobsahuji piesné pokyny tykajici se zptisobu
vykonavani stresovych zkouSek, maji spiSe charakter vSeobecnych ramcovych
pokyni25963

Stabilita u¢inné latky se testuje jak v pevném stavu, tak v roztoku. Zatézové
testy jsou testy kratkodobé, pii¢emz doba trvani zavisi na charakteru 1éCiva.
V piipadé 1é¢iv citlivych k rozkladu mohou tyto testy trvat pouze né€kolik hodin,
avSak v pfipadé stabilngjSich 1é¢iv bude tato doba vyrazné delsi (tydny, zpravidla
maximalné tii mésice). Také intervaly odbéri vzorkd a jejich pocet nejsou presné
definovany. Pro matematicko/statistické zpracovani je vSak nutné mit asponi 4 Casové

hodnoty % %,
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Podminky zatéZovych testii

e Studium vlivu pH

ICH smérnice doporucuji, aby byla u¢inna latka ve formé roztoku nebo suspenze
vystavena vlivu pisobeni raznych hodnot pH. pH vodného prostiedi pro zatézové
testy byva upravovano pomoci série pufra (nejéastéji o pH 3, 4, 5, 6, 7 a 8) nebo
roztoku ziedénych kyselin (1M HCI) a zasad (1M NaOH). Pro praktické provedeni
téchto zkousek je dulezitou charakteristikou rozpustnost lé¢iva ve vodnych
roztocich. Doporuc¢ena koncentrace je aspon 1 mg/ml kyselého i zasaditého roztoku,
avSak v ptipadech Spatné rozpustnych 1€¢iv je mozné se spokojit s koncentraci nizsi.
Pro zlepSeni rozpustnosti mohou byt pouzity ko-solventy, avsak vzdy je nutné zvazit
jejich mozné interakce S1éCivem. Napf. v piipad¢é 1éCiv obsahujicich v molekule
skupinu karboxylovou, amidovou, esterovou nebo hydroxylovou, neni vhodné
pouzivat jako ko-solvent pro kyselou zatéz methanol, nebo jiné alkoholy. Omezena
misitelnost acetonitrilu a NaOH miZe zpisobit praktické problémy pfti pouziti tohoto
rozpoustddla jako ko-solventu pro n&které experimenty™®.

Prvotni pokusy by mély byt provadény za laboratorni teploty a teprve v ptipad¢,
ze za téchto podminek nedochazi k dostate¢nému rozkladu, ma byt reakéni teplota
zvySena. Doporucuje se, aby doslo k rozkladu asi 10-20 % ucinné latky. Doba

experimentii by mé&la byt zavisla na rychlosti rozkladu (hodiny, dny)*®.

e VIliv teploty a vihkosti

Pevna substance by méla byt béhem stresovych zkousek vystavena ucinkim
vyssi teploty a vihkosti. Pro praktické provedeni je dulezité zvolit vhodnou teplotu
pfi niz bude dochazet k dostatecnému rozkladu. ICH smérnice doporucuji, aby testy
probihaly pii n€kolika teplotach v intervalech o 10 °C vysSich nez jsou teploty,
které¢ budou pouzity pii zrychlenych stabilitnich testech (napt. 50 °C, 60 °C atd.)

a relativni vihkosti 75 % RV nebo vyssit®,

e Vliv oxidacnich ¢inidel

Citlivost molekuly 1é¢iva k oxidativnimu rozkladu byva testovana za pouZiti
vhodnych oxidaénich c¢inidel, nejcastéji peroxidu vodiku. V nékterych ptipadech
mize byt pouzito i silngjSich ¢inidel, jako je napf. dichroman draselny nebo
manganistan draselnyzg. Léciva, citliva k oxidaci obvykle obsahuji heteroatomy

(dusik a siru) nebo maji charakter aldehydi nebo ketonii. Nejcastéjsim zdrojem
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oxidacnich rozkladnych produktii byva reakce 1éciva s molekularnim kyslikem.
Oxidace zpuisobena piimo molekularnim kyslikem je tedy podle nékterych autort
vice realisticky model, nez zatéz zpisobena jiz zminénym peroxidem vodiku?.
Peroxid vodiku je vhodné pouzit v ptipad¢ studii stability 1ékovych forem v nichz se
predpokladd piitomnost této latky jako necistoty pochazejici z pomocnych latek.
(Nekteré polymerni farmaceutické pomocné latky byvaji ko-polymerizovany za
pouziti peroxidu vodiku a jeho rezidua pak mohou zplsobit problémy s oxidacni
stabilitou 16kové formy)®.

Pted zaCatkem oxida¢niho experimentu by méla byt provedena predbézna studie
rozpustnosti 1é¢iva. Studie oxidaéni stability vétSinou vyzaduji rozpustnost 1éciv
Vv nepufrovaném roztoku Vv koncentracich 1-10 mg/ml, aby se dosahlo pfiméfeného

stupné rozkladu®.

e Vliv svétla

Cilem fotostabilitnich studii je urychlit rozklad lé¢iva pomoci intenzivniho
zareni a odhalit tak moZné rozkladné produkty. Studie fotostability by mély
zahrnovat jak experimenty s roztokem lé¢iva, tak i S pevnou substanci. Substance
i roztok byvaji vystaveny pusobeni rozptyleného denniho svétla, UV zafeni
0 vlnovych délkach 254 a 366 nm nebo definovanaho zdroje svétla (napt. xenonova
vybojka). Pfimé denni svétlo neni pro tyto experimenty vhodné, protoze jeho
intenzita je proménnad a zavisi na mnoha externich faktorech (ro¢ni obdobi, cas
atd.)*®, Standardni zdroje svétla jsou definovany ve smérnici ICH Q1B®. Mezi
funk¢éni skupiny, které jsou nachylné k fotodegradaci patii napt. karbonylova
skupina, nitroaromatické skupiny, N-oxidy, alkeny, arylchloridy. Studie fotostability
1é¢iv jsou podle ICH smérnice rozdéleny na studie stresové (stress tests) a studie
potvrzujici (confirmatory tests). Stresové zkousky se provadéji za ucelem ovéfeni
celkove stability 1é€iva (nechranéna Uc¢inna latka nebo 1éCivy pripravek) pro ucely
vyvoje metody a/a nebo pro zjisténi zptsobu rozkladu. Potvrzujici testy hodnoti, zda
je nutné pred svétlem chranit finalni formulaci®® .

Fotostabilitni studie definované v ICH smérnici Q1B doporucuji systematicky
ptistup ke studiu fotostability a pokryvaji kromé testti aktivnich substanci také testy

vyslednych lékovych forem, a to i ve finalnich obalech®.
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3.5.2.2. Zrychlené stabilitni testy (Accelerated tests)

Cilem zrychlenych stabilitnich testi je zvySenim zatézového faktoru
(pfedevsim teploty) urychlit rozklad ucinné latky nebo 1éCivého piipravku.
Extrapolaci ziskanych udaji na bézné skladovaci podminky je mozné (po
matematicko-statistickém vyhodnoceni) odhadnout dobu pouZitelnosti ptipravku.
Casta je aplikace téchto testdi v experimentalnich studiich stability, kde je sledovan
vliv teploty na rychlost rozkladnych reakci. Tyto studie vyuzivaji Arrheniem

popsany vztah [16] pro zavislost rychlostni konstanty na teploté.

Ea
K= A.eRT [16]

K:_ rychlostni konstanta rozkladné reakce ziskana pti riznych teplotach
A — frekvenéni faktor

Ea - aktivacni energie

R — molarni plynova konstanta

T — skladovaci teplota v K

V piipad¢é, ze jsou experimentalné zjisténé hodnoty rychlostnich konstant
korelovany s teplotou a je-li znama aktivacni energie rozkladné reakce, je mozna
extrapolace vysledki téchto experimentl na béZnou skladovaci teplotu (zpravidla 25
°C). Zakladnim ptedpokladem vsak je, ze rozkladna reakce pii vysSich teplotach
bude probihat stejnym mechanismem jako pii skladovaci teploté28’67’68.

Smérnice pro nova i genericka 1éCiva vyzaduje standardni zkouSku vlhkym
teplem pfi teploté¢ 40 °C a relativni vlhkosti (RV) 75 %. Stabilita by méla byt
testovana v 0, 3 a 6 mésici. Jestlize je 1é¢ivo stalé za téchto podminek po dobu
6 mésicl, je mozné predbézné navrhnout pouzitelnost 24 mésici. Jestlize 1éCivo pfi
téchto podminkach neni po dobu 6 mésicu stalé, pouziva se podle ICH alternativni
test pii teplot¢ 30 °C a RV 60 % sdobou trvani 12 mésici (intermediate

conditions)? 84,
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3.5.2.3. Dlouhodobé stabilitni testy (Long-term tests)

V celém systému stabilitniho testovani maji rozhodujici postaveni dlouhodobé
testy stability probihajici za skladovacich podminek. Tyto testy poskytuji
nejobjektivnéjsi udaje o stabilité 1é¢iv i 0 zménach kvality, které mohou nastat
pri dlouhodobém skladovani. Testované vzorky jsou skladovany za podminek
odpovidajicich klimatickému pasmu ve kterém lezi zemé, kde bude 1é¢ivy piipravek
registrovany a distribuovany. Pro schvaleni doby pouzitelnosti 1é¢iva piislusnou
regulatorni autoritou piinasi vysledky téchto testd zasadni informace a tvofi proto
dalezitou cast registracni dokumentace. Cilem téchto testi je potvrdit vysledky
zrychlenych stabilitnich studii, ovéFit stabilitu Sarzi pFipravenych pro klinické
testy a piedeviim jiz zmin&né urceni doby pouZitelnosti a zpiisobu uschovani®.

Cely svét byl rozdélen do 4 pasem (I-1V.) sohledem na primérnou teplotu
béhem roku a pro kazdé pasmo byly ustanoveny patii¢né teplotni rezimy. ICH Q1A
zohlediiuje piedevsim I. a II. klimatické pasmo. V téchto pasmech je za bézné
skladovaci podminky povazovana teplota 25 °C £2 °C a RV 60 % + 5 %. Vzorky
se analyzuji vO., 3., 6., 9., 12., 18., 24., 36., 48. a 60. mésici. Vyrobce muze
dlouhodobé stabilitni testy provadét také v rezimu 30 °C + 2 °C/RV 65 % £ 5 %°,
Pti zadosti o registraci musi byt doloZeny vysledky z minimaln€ 6 mésicnich stabilit
pfi dlouhodobych skladovacich podminkach (nebo intermedidlnich). Dlouhodobé
testy pokracuji dal az pokryji celou dobu pouzitelnosti ptipravku. Vybér
skladovacich podminek a intervali pro analyzu je mimo jiné dan charakterem 1ékové
formy (pevné, polotuhé a tuhé 1ékové formy) a zptasobem uskladnéni (napt. bézna

skladovaci teplota, chlad)®*®*. Smérnice QIE poskytuje doporudeni pro statistické

zpracovavani dat ziskanych béhem stabilitnich testi®.

Postupy redukujici rozsah stabilitnich zkouSek

V nékterych piipadech (napf. kdyZ je na trh uvadén zarovein piipravek s riznym
poctem tablet nebo baleni o rizné sile) by stabilitni testovani v plném rozsahu bylo
Casové velmi narocné. V téchto piipadech se muze pouzit redukovany rozsah
stabilitnich testt, pfi kterém se hodnoti v kazdém okamziku jen extrémni hodnoty
vurcitém Casovém intervalu hodnoti pouze wurdita ¢ast vzorkua (Matrixing).
Vysledky se pak zpracovavaji statisticky. Doporuceni tykajici se téchto

redukovanych stabilitnich zkousek jsou uvedeny ve smérnici Q1D%™,
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3.5.2.4. Dalsi test stability

Testy stability pii zménach v registraci a testy pri pouzivani 1é¢iv

Vysledky stabilitni studie dolozené v registraci plati pro presné definované
slozeni 1é¢ivého ptipravku, ptislusny typ obalu, pfesné popsany a validovany zptisob
piipravy a vyrobni zafizeni. V piipadé, ze dojde ke zméné nékterého z uvedenych
parametrii, musi se znovu provétit vliv této zmeény na stabilitu pifipravku. Zpusob
testovani v tomto pripadé zavisi na rozsahu a charakteru provedenych zm&n?*®,

VétSina 1é¢ivych piipravkd neni uzivatelem spotiebovana hned po prvnim
pouziti, ale zpravidla az po opakovaném davkovani. Ptipravek je pak béhem této
doby vystavovan pusobeni faktort vnéjSiho prostfedi, které mohou ovlivnit jeho
stabilitu. Cilem stabilitnich testt pii pouzivani 1é¢iv je ovéfit vliv opakovaného
otvirani a zavirani obalu, které muze pfedevSsim u vicedavkovych ptipravkl
negativné ovlivnit stabilitu, pfedev§im s ohledem na mikrobialni kontaminaci. Toto

testovani pokryva smérnice CPMP/QWP/2934/99%% " .

64



Teoreticka Cast Chelatory zeleza odvozené od aroylhydrazonu

3.7. Chelatory zeleza odvozené od aroylhydrazonu

3.7.1. Chelatory zeleza a jejich mozné vyuziti v terapii

Chelatory jsou latky, které maji diky své chemické struktuie vysokou afinitu
k vicemocnym kovim se kterymi vytvareji pomoci koordina¢né-kovalentnich vazeb
komplexy. Biokompatibilni chelatory Zeleza jsou schopny Vv biologickych
systémech selektivné vazat volné ionty Zeleza bez vyznamné interference s
ostatnimi biogennimi prvky’>",

Prvotnim impulzem k vyvoji novych 1éCiv ze skupiny biokompatibilnich
chelatorti zeleza byla potieba 1écby pro pacienty, kteti trpi pfetizenim organismu
zelezem tzv. ,iron-overload“. Tento stav se vyviji jako disledek dlouhodobych
krevnich transfuzi, na které jsou odkazani pacienti S hereditarnimi poruchami
krvetvorby (napf. p-thalasémie)’®. Pro tuto terapeutickou indikaci je v dnesni dob&
registrovano pouze jedno 1é¢ivo - deferoxamin (DFO), které vsak trpi fadou
nevyhod a nedostatki.. Relativné vysoka hydrofilita této latky striktné vyzaduje jeji
intravenozni podani, coz jednak snizuje komfort terapie a tedy i compliance pacientd,
ale také vyrazné zvySuje naklady na 1é¢bu’. V poslednich letech byla patrné vyrazna
snaha vyvinout perordlné ucinny chelator, ktery by pfekonal jiz zminéné nevyhody
DFO. Velké nadéje byly Vv této oblasti vkladany do nového chelatoru - deferipronu
(L1), ktery je v soucastné dobé registrovan v n€kolika zemich. Nicméné jeho
ucinnost a bezpecnost jsou stale predmétem odbornych diskuzi"™"®. Pomé&mé velké
nad¢je jsou vkladany také do latky skodovym jménem ICL-670, kterd je
v soucasnosti ve 2. fazi klinického vyzkumu'’.

V posledni dobé bylo prokazano, ze zelezo hraje dilezitou Glohu v rozvoji fady
zavaznych patologickych stavi. Bylo zjisténo, ze chelatory zeleza mohou byt u¢inné
pii 1é¢be fady riznych onemocnéni spojenych s oxida¢nim stresem (antracyklinova
kardiomyopatie, neurodegenerativni onemocnéni — napf. Alzheimerova

nemoc)78,79,80,81

. Déle bylo zjisténo, Ze k doc¢asné deprivaci zeleza jsou na rozdil od
¢lovéka citlivé mnohé mikroorganismy (napi. viry, bakterie) a také nadorové
buniky. Vtéto oblasti byl dosud zaznamenan  nejvEétsi  uspéch
s thiosemikarbazonovym chelatorem Triapinem (3-AP), ktery je nyni ve 2. fazi

klinického hodnoceni pro 1écbu tumort®, Silny protinddorovy ucinek srovnatelny
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s ¢inkem doxorubicinu (jednoho z nejucinngjsich cytostatik) byl prokazan na
modelech in vitro a in vivo u thiosemikarbazonového derivatu s kodovym oznacenim
Dp44mT®, Je tedy patrné, e selektivni chelatace Zeleza se zda byt vhodnou strategii

pro vyvoj fady novych 1é¢iv.

3.7.2. Chelatory zeleza ze skupiny analogu aroylhydrazonu

3.7.2.1. Pyridoxal isonikotinoyl hydrazon (PI1H)

Chelatory zZeleza odvozené od aroylhydrazonu jsou pro své zajimavé
farmakologické ucinky jako potencidlni 1éCiva pfedmétem pomérné intenzivniho
vyzkumu. Matetskou latkou této skupiny je pyridoxal isonikotinoyl hydrazon
(PIH), ktery byl piipraven v 70-tych letech prof. Poiikou. Chelata¢ni uc¢inek této
latky byl objeven nahodnym experimentem, b&hem kterého byly retikulocyty
inkubovany s transferinem (s navéazanym °Fe) a isoniazidem (inhibitor hemové
syntézy). V pribéhu tohoto experimentu bylo pozorovano vyznamné hromadéni Fe
uvnité bun€k (v rdznych non-hemovych kompartmentech). Po pfidani pyridoxalu do
média vSak dosSlo k znacné mobilizaci Fe z bun¢k ven. Pfi studiu tohoto jevu se
ukdazalo, ze mobilizace Fe je zapfi¢inéna chelatacnimi schopnostmi PIH, ktery vznika

L " , . . ‘v s . 1:..84.85
spontanni kondenzaéni reakci pyridoxalu a isoniazidu v bunééném médiu :

Fyzikalné-chemické vlastnosti PIH

PIH (Obr. 2) je pomémé mala molekula s molekulovou hmotnosti 287, ktera
vznika jednoduchou reakei - Schiffovou kondenzaci pyridoxalu a isoniazidu. Jde o
krystalickou latku naZloutlé barvy, ktera je ve formé& baze velmi téZce rozpustna ve
vodnych roztocich o neutrdlnim pH. Spatnad rozpustnost této latky vsak pisobi
praktické problémy pfi aplikaci a miize mit také negativni vliv na vstiebani této latky

v organismu®®#788

. Nejnovéjsim prinosem v této oblasti je patent, ktery popisuje
pripravu ve vodé rozpustné soli PIH-2HCI, ktera ma pri zachovani stejnych
chelatanich vlastnosti o dva ¥ady lepsi rozpustnost nez baze®’. PIH miZe
vytvafet rizné hydraty a soli (hydrochloridy, sulfaty), které mohou mit odliSnou
barvu (od svétle zluté az po oranzovou) i rozdilné fyzikalni vlastnosti. Tato latka ma
Ctyfi hodnoty pKa (3,0 ; 4,4; 7,9 a 10,2), jako pfevazné neutrdlni molekula se

vyskytuje pi fyziologickém pH (7,4).
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PIH vytvati komplexy s trojmocnym Zelezem (Obr. 2) v molarnim poméru 2:1
(molekulova hmotnost komplexu je 657). Pomoci spektrofotometrie bylo zjisténo, ze
tyto komplexy jsou nejstabilngjsi vroztoku o pH 5,5; zatimco Ve
vodnych prostiedich o pH kolem 2 dochazi Kk jejich rychlému rozpadu. V alkalickém
prostedi jsou tyto komplexy stabilngjsi. Je mozné je detekovat i v roztocich o pH
kolem 12. PIH je pomérn¢ selektivni ligand, protoze za fyziologickych podminek ma

velmi malou afinitu k jinym biogennim prvkam (Ca®*, Mg®*)%.

N
78
N
H N ‘ H CH,OH
= \N’N = 7 X
OH
PIH CH,

HN=C  Fe*- [PIH],

N

Obr. 2 Chemicka struktura PIH a jeho komplexu s Zelezem F' o prevzato z 88

Stabilita PIH a nekterych jeho analogi v riznych vodnych prostiedich (roztoky
ziedéné kyseliny a baze, ve fyziologickém pufru (PBS), riznad bunétna média,
sérum) byla studovana pomoci UV/VIS spektrofotometrie. U vSech studovanych
chelatorti byla pozorovéana schopnost hydrazonové vazby podstupovat hydrolytickou

degradaci a to predeviim v kyselych a bazickych vodnych roztocich®,

Farmakologické ucinky PIH jsou shrnuty v nasledujicich bodech:

e Mobilizace Fe z bunék - bylo zjisténo, ze PIH je ucinny v mobilizaci Fe
v podminkach in vitro a in vivo®%,

e Antioxidacni a cytoprotektivni piisobeni - PIH piisobil signifikantné antioxidacné
ve studiich vyuzivajicich rizné biochemické modely (in vitro) — napt. Zelezem
indukované tvorby toxickych hydroxylovych radikald, oxidaci 2-deoxyribozy
atd®*®*. V in vivo studii bylo prokazano protektivni piisobeni tohoto chelatoru pii

poskozenti sitnice vyvolané oxidacnim stresem®.
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e Klinicka studie - ackoliv se PIH jevil jako pomérné Géinny a malo toxicky
chelator, byla provedena pouze 1. faze klinického hodnoceni, zamétena na volbu
davky a jeji snasenlivost. V této studii vSak byla zjisténa niz$i ucinnost indukce
exkrece Zeleza, nez jakd byla na zdklad¢ preklinickych Udaji ocekavana.
Navzdory témto zjisténim, Se tato studie jevi jako pomérné cenna, protoze

prokazala dobrou snasenlivost tohoto chelatoru. Niz$i u¢innost v indukci exkrece

Mrwe

3.7.2.2. Analogy PIH - salicylaldehyd isonikotionyl hydrazon (SIH) a pyridoxal
2-chlorbenzoyl hydrazon (0-108)

V dnesni dob¢ piedstavuje PIH ,,matefskou latku* aroylhydrazonovych chelatort
Zeleza od které byla odvozena cela tada dalSich analogl s rozdilnymi fyzikalné-
chemickymi i biologickymi vlastnostmi. VSechny tyto analogy byly pfipraveny
Schiffovou kondenzaci aromatickych aldehydd s aromatickymi hydrazid®®. Bylo
piipraveno n€kolik sérii latek odvozenych jednak piimo od pyridoxal isonikotinoyl
hydrazonu, a dale pak od salicylaldehyd isonikotinoyl hydrazonu, 2 -
pyridylkarbaldehyd isonikotinoyl hydrazonu a di-2-pyridyl isonikotinoyl hydrazonu.
Salicylaldehyd isonikotinoyl hydrazon (SIH) a pyridoxal 2-chlorbenzoyl
hydrazon (0-108) (Obr. 3) jsou dva novéjsi analogy mateiské latky, které byly
vybrany pro detailnéj$i studium, protoZze vykazovaly zajimavé antioxidativni, Fe

mobilizujici G¢inky a dilem téZ antiproliferativni a antimalarické G¢inky.

Fyzikalné-chemické vlastnosti SIH a 0-108

SIH byly pfipraven kondenzaci salicylaldehydu a isoniazidu. Pro zlepSeni
rozpustnosti tohoto cheldtoru ve vodnych roztocich byla ve spolupraci
s Dr. Véavrovou (Katedra anorganické a organické chemie) pripravena ve vodé lépe
rozpustna sil (SIH-HCI). Tato sil byla nasledné pouzivana jak pii vyvoji
chromatografickych metod, tak v primarni farmakokinetické studii. 0-108 byl
ptipraven reakci pyridoxalu s 2-chlorobenzoyl hydrazidem. SIH a 0-108 jsou
krystalické latky nazloutlé barvy, které vytvari komplexy se zelezem analogicky jako
latka matefska. SIH mé t¥i hodnoty pKa (3,34; 8,29 a 9,8)%°, v piipadé 0-108 nejsou

tyto hodnoty v literatute dostupné. Oba analogy jsou v porovnani s matefskou latkou
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(PIH) lipofilngjsi, a proto lépe prostupuji do intracelularniho prostoru bunék.
Lipofilita, jako zakladni chemicka charakteristika, uréuje prichod 1é¢iv do bunék

a tim ma zasadni vliv na chelataci intracelularniho Fe%.

Z >N HO
H | H
x> _N X x N
o oo
0 o
N
OH 7 oH

0-108
SIH

Obr. 3 Chemicka struktura SIH a 0-108

Farmakologické uéinky SIH a 0-108 jsou shrnuty v nasledujicich bodech:

e Mobilizace Fe z bun¢k - oba uvedené chelatory jsou ucinné v mobilizaci Fe
z intracelularniho prostoru®® %’

e Antioxida¢ni plsobeni — nejsiln€j$i antioxidacni plisobeni bylo zaznamenéno
u SIH. Tento chelator byl vysoce G¢inny in vitro (bunétné kultury) na modelu
oxida¢niho stresu experimentaln¢ vyvolaného H,0, 1 anatracyklinovym
cytostatikem®%°,

e Antiproliferativni ptsobeni - experimenty dokazuji schopnost SIH pusobit
antiproliferativné a indukovat apopticky zanik nadorovych bungk'®,

e Antimalarické ptisobeni - ptisobeni vii¢i plasmodium falciparum bylo prokazano

predevS§im u SIH™,

3.7.2.3. Analytické hodnoceni PIH a analogii

| kdyZ aroylhydrazonové chelatory Zeleza vykazuji zajimavé farmakologické
ucinky nebyla tato skupina latek dosud dostateéné definovana analyticky.
Z analytickych metod byla dostupna pouze UV/VIS spektrofotometrie, zabyvajici
se vybranymi aspekty stability téchto chelatorti a chromatografie na tenké vrstvé
(TLC)® %192 Absence modernich separa¢nich metod dosud neumoznila piesné

definovat cCistotu nebo stabilitu téchto latek pomoci HPLC, a také neumoznila
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analyzovat tyto chelatory v biologickém materialu a stanovit zakladni
farmakokinetické parametry téchto potencidlnich 1éc¢iv.

Pii vyvoji HPLC metod pro hodnoceni téchto latek bylo mozno ¢erpat pouze
Z obecnych poznatki ziskanych pii analyze chelatora jiné struktury. Jde
ptedevsim o publikované informace o vyvoji HPLC metod pro stanoveni Triapinu
nebo ICL 6701030410519 "Také je mozné, aviak pouze omezens, Gerpat nékteré
informace z jiz dfive publikovanych praci zabyvajicich se HPLC hodnocenim jinych,
strukturné vzdalengjSich chelatort eleza'0"108 109, Specifickym jevem, ktery muze
komplikovat analyzu uvedenych latek je napf. tvorba komplext s volnymi ionty
kovid, pritomnymi byt vV malém mnozstvi, Vchromatografickém systému. Tyto
komplexy mohou vyrazné¢ zhorSovat symetrii chromatografickych pik. Tato
komplikace vsak muze byt odstranéna piidavkem malého mnozstvi EDTA do

mobilni faze'®*1%°.
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3.8. Vybrana Iéciva a jejich stabilita

3.8.1. Glimepirid

Glimepirid (Obr. 4) je peroralni antidiabetikum — derivat sulfonylurey
[11. generace. Hlavnim mechanismem uc¢inku tohoto 1éCiva je stimulace sekrece
inzulinu Vv B-bunikdch pankreatu. Glimepirid je stejné jako ostatni derivaty
sulfonylurey indikovan k1é¢bé nemocnych s diabetem 2. typu, ktefi nejsou
dostate¢né kompenzovani dietou. Glimepirid se podava jak v monoterapii, tak
v kombinaci s jinymi hypoglykemiky. V porovnani se star§imi 1é¢ivy této skupiny se
vyznacuje vetsi reverzibilitou vazby na specifické receptory, vétsi specificitou k -
bunkam pankreatu a tedy niz§i vazbou na receptory kardiovaskularniho systému.
Vyhodou glimepiridu je ddvkovani jednou denné, nizsi riziko hypoglykémie a mensi
nezadouci uUCinky na kardiovaskuldrni systém, nez tomu bylo u strasich

hypoglykemickych 1é¢iv. Glimepirid byva obvykle podavan v davce 1 - 8 mg

denng!t® 111,
H,C
| 9
N N—(CH —
anone N TH OB )< )
o O O O

Obr. 4 Chemicka struktura glimepiridu, Sumdrni vzorec: Co4H34N4OsS,
Molekulova hmotnost: 490,62

Glimepirid je bily az naZloutly krystalicky prasek, bez zapachu. Je prakticky
nerozpustny ve vod¢, avsSak jeho rozpustnost je zavisla na pH. Rozpustnosti
glimepiridu ve vodnych roztocich o rizném pH pti 37 °C byly publikovany v ¢lanku
autord Frick A., a kolektiv, zabyvajicim se disoluci tohoto 1é&iva**?,

V nedavné dobé byl glimepirid zafazen do oficialni 1ékopisné monografie
(USP 28) a byl uveden také v monografii Pharmeuropa (svazek 16.3)"31%,

Hlavnimi metabolity glimepiridu jsou trans-hydroxyglimepirid a karboxyglimepirid.
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Jejich totdlni syntéza byla v nedavné dobé publikovana™™®. Pro stanoveni tohoto
lé¢iva a jeho metabolitd v biologickém materialu bylo v dostupné literatute popsano
nékolik HPLC metod vyuzivajicich jak UV, tak MS detekci. V téchto publikacich
byl jako vnitini standard pro stanoveni pouzivan strukturné blizky glibenklamid.
Glimepirid byl izolovan z biologického vzorku pomoci liquid-liquid extrakce za
pouziti riznych rozpoustédel a riiznych extrak&nich postupi!®tt7 1819120121122 prg
stanoveni  obsahu  glimepiridu v 1éCivém  pifipravku byla  publikovana

UV spektrofotometricka metoda®?.

3.8.2. Nimesulid

Nimesulid (Obr. 5) je 1écCivo pattici do skupiny modernéjSich nesteroidnich
antiflogistik  (NSAID). Mechanismem u¢inku nimesulidu je inhibice
cyklooxygenasy, pifednostné sméfovana k tzv. inducibilni izoformé — COX 2.
V porovnani se starSimi antiflogistiky vykazuje nimesulid lepsi gastrointestinalni
snasenlivost. Ma pomérné silné analgetické a protizanétlivé ucinky, a proto byva
pouzivan pro lécbu revmatoidni artritidy a dalSich zanétlivych stavi rtzné
etiologie'®* ?°, V roce 2002 byl zaznamenan vys§i vyskyt hepatalnich nezadoucich
ucinkd, coz vedlo k pfehodnoceni poméru piinosu a rizika terapie. Odborné skupiny
EMA (European Medicinal Agency) a CPMP (Committee for Proprietary Medicinal
Products) vsak dosly k zavéru, Ze tento pomér ,risk/benefit je ptiznivy a riziko
zavaznych nezadoucich ucinkl 1é¢by nimesulidem je povazovano za velmi nizké'?®,
Hlavnim metabolitem nimesulidu je hydroxy-nimesulid, avsak Vv raznych studiich

byly detekovany, pfedevim ve formé konjugatd, také dalsi minoritni metabolity*?’.

H_ SO,CH,
N
O

NO,

Obr. 5 Chemicka struktura nimesulidu, Sumarni vzorec: C13H12N2OsS

Molekulova hmotnost: 308,31
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Nimesulid je svétle zluty krystalicky praSek, prakticky bez zapachu. Ma
charakter kyseliny a je rozpustny ve stfedné polarnich rozpoustédlech. Nizsi
rozpustnost této latky byla stanovena v rozpoustédlech 0 niz§i polarité. Ve vodé je
nimesulid prakticky nerozpustny, av§ak ve vodnych roztocich o vy$§im pH dochazi
k zvySeni jeho rozpustnosti. Fyzikalné-chemické vlastnosti tohoto 1é¢iva jsou
podrobn¢ uvedeny V28 dile monografie Analytical Profiles of the Drug
Substances and Excipients'?®,

Nimesulid byl zafazen do oficialnich lékopisnych monografii (Ph. Eur. a British

Pharmacopoeia)'?* 1%

. Pro stanoveni nimesulidu je v literatuie dostupné pomérné
velké mnozstvi analytickych metod. Mnoho autord popisuje HPLC metody pro
stanoveni tohoto 1é¢iva a metaboliti vV rizném biologickém materialu (napf. plasma,
cerebrospinalni tekutina, tkané) za vyuziti riznych metod tGpravy vzorka (napt. SPE,
L-L extrakce, precipitace) i detekénich technik (UV, MS, MS/MS). Jde hlavné o RP-
HPLC metody pouzivajici rizné druhy stacionarnich fazi v kombinaci s riznymi
fazemi mobilnimit3h132133 134135136 v/ jiteratuie jsou také dostupné HPLC, TLC
a spektrofotometrické metody vhodné pro hodnoceni nimesulidu v riznych 1ékovych
formach™" 138139, Uceleny pi‘ehled dosud publikovanych metod pro stanoveni

nimesulidu je dostupny v recentni publikaci autora Rao R.N., a kol.**°.
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4.1. ANALYZA POTENCIALNICH LECIV ZE
SKUPINY AROYLHYDRAZONOVYCH
CHELATORU ZELEZA
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4.1.1. Chromatographic methods for the
separation of biocompatible iron chelators
from their synthetic precursors and iron
chelates

Petra Kovarikova, Milan Mokry, Jifi Klimes, Katefina Vavrova

1.Sep. Sci. 27 (2004) 1503-1510.
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1 Introduction

1503

Chromatographic methods for the separation of
biocompatible iron chelators from their synthetic
precursors and iron chelates

Chromatographic methods have been developed for the separation of the three novel
biocompatible iron chelators pyridoxal isonicotinoyl hydrazone (PIH), salicylaldehyde
isonicotinoyl hydrazone (SIH), and pyridoxal 2-chlorobenzoyl hydrazone (o-108) from
their synthetic precursors and iron chelates. The chromatographic analyses were
achieved using analytical columns packed with 5 um Nucleosil 120-5 Cis. For the
evaluation of all chelators in the presence of the synthetic precursors, EDTA was
added to the mobile phase at a concentration of 2 mM. The best separation of PIH
and its synthetic precursors was achieved using a mixture of phosphate buffer
(0.01 M NaH.PO,, 5 mM 1-heptanesulfonic acid scdium salt; pH 3.0) and methanol
(55:45, vA). For separation of SIH and its synthetic precursors, the mobile phase
was composed of 0.01 M phosphate buffer (pH 6.0) and methanol (60: 40, vA). 0-108
was analyzed employing a mixture of 0.01 M phosphate buffer (pH 7.0), methanol,
and acetonitrile (60:20:20, v/vA). These mobile phases were slightly modified to
separate each chelator from its iron chelate. Furthermore, a RP-TLC method has
also been developed for fast separation of all compounds. The chromatographic
methods described herein could be applied in the evaluation of purity and stability of
these drug candidates.

Key Words: Pyridoxal isonicotinayl hydrazone; Salicylaldehyde isonicotinoyl hydrazone; Pyridox-
al 2-chlorobenzoyl hydrazone; HPLC; TLC
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Pyridoxal isonicotinoyl hydrazone (PIH) is an iron-selec-
tive chelator developed by Ponka et al. [6]. It can be read-

Biocompatible iron chelating agents are currently under
extensive investigation from the perspective of novel drug
development [1]. Interest in this class of compounds ori-
ginally arose from the need to treat patients suffering from
iron overload. However, the range of their potential thera-
peutic use has dramatically widened in the last decades.
Iron chelation has recently been identified as an effective
principle of antiproliferative, antimalarial, antioxidative,
cardioprotective, and neuroprotective action [2—5]. Unfor-
tunately, further progress in this area has been hindered
by the lack of the iron-selective and non-toxic chelators.
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Abbreviations: PIH, pyridoxal isonicotinoyl hydrazone;
PIH - 2HCI, pyridoxal isonicotinoyl hydrazone dihydrochloride;
SIH, salicylaldehyde isonicotinoyl hydrazone; SIH - HCI, salicylal-
dehyde isonicotinoyl hydrazone hydrochloride; o-108, pyridoxal
2-chlorobenzoyl hydrazone; Fe (lll)-[chelator],, iron complex of
chelator; EDTA, ethylenediaminetetraacetic acid disodium salt.

J. Sep. Sci. 2004, 27, 1503-1510 www.jss-journal.de

ily synthesized by Schiff-base condensation of isoniazid
with pyridoxal. It is a yellow crystalline substance, which
can exist in the form of different hydrates. The free base of
PIH is poorly soluble in aqueous solutions at neutral pH. In
order to increase the solubility of this compound, the
water-soluble salt (PIH - 2HCI) has been synthesized [7].
The investigation of its iron-binding ability showed that the
drug preferentially forms the complex of molar ratio 2:1
selectively with Fe® ions [6]. In acid and alkaline solutions
a hydrolysis of PIH resulting in the formation of its syn-
thetic precursors has been reported [8, 9].

PIH has been shown to be an effective iron chelator both
in vitro and in vivo [10]. Although it has several interesting
biological effects (e.g. antioxidative and cytoprotective),
nowadays it is rather a structurally original “lead com-
pound”. A number of novel analogues of PIH has been
prepared and these have been subjected to extensive
in vitro screening [11, 12]. Salicylaldehyde isonicotinoyl
hydrazone (SIH) and pyridoxal 2-chlorobenzoyl hydra-
zone (0-108) are among the most promising chelators of
this class (Figure 1). Both compounds are even more
effective than PIH in mobilization of intracelullar iron [12].

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 1. Chemical structures of chelators used in this
study.

Moreover, SIH recently exhibited powerful antioxidant,
antiproliferative and antimalarial effects [13, 14].

While recent publications have suggested PIH and its
analogues as promising drug candidates, further progress
in preclinical development strongly requires solid, prefer-
ably separative analytical methodology. The only analyti-
cal methods available in literature to date are UV-VIS
spectrophotometry [8, 9] and silica based TLC [15]. Thus,
arapid, accurate, and precise HPLC method for the anal-
ysis of these agents might be of great value for further
investigation in this field.

The aim of this study was to develop simple, accurate and
precise HPLC methods for separation of PIH, SIH, and o-
108, respectively, from their synthetic precursors. Subse-
quently the chromatographic conditions have been par-
tially modified to allow the sufficient separation of each
chelator from its iron chelate. Furthermore, a RP-TLC
method, suitable for the fast separation of all compounds
(chelators, their synthetic precursors and iron chelates)
has been developed. The chromatographic methods pre-
sented in this paper may represent a useful tool for purity
and stability evaluation of these iron-chelating agents.

2 Experimental

2.1 Chemicals and reagents

Pyridoxal hydrochloride, salicylaldehyde, 2-chlorobenzoic
acid hydrazide, isonicotinic acid hydrazide, and 1-hep-
tanesulfonic acid sodium salt were purchased from
Sigma-Aldrich (Schnelldorf, Germany). EDTA, NaH;PO,,
(NH4),HPQ,, FeCls, phosphoric acid, sodium hydroxide,
sodium citrate, methanol p.a., acetonitrile p.a. were
obtained from Lachema a.s. (Brno, Czech Republic).
Water was purified using reverse osmosis.

PIH, SIH, and 0-108 were prepared by condensation of
isoniazid or 2-chlorobenzoic acid hydrazide with the corre-
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sponding aldehydes, pyridoxal hydrochloride and salicyl-
aldehyde, respectively, as described previously [16].

The dihydrochloride salt of PIH was synthesized accord-
ing to Lewis [7]. SIH (2.41 g, 10 mmol) in 30 mL of anhy-
drous ethanol was stirred with 3 egivalents of dry HCI (1 g,
30 mmol) in 5mL of anhydrous ethanol overnight. The
resulting hydrochloride was filtered, washed with ethanol
and dried in vacuum over P,Os. Yield 95%, yellow crys-
tals, mp 203—204°C. IR (KBr) 3417, 2472, 1682, 1608,
1288, 762 cm~'. '"H NMR (300 MHz, DMSQ): § 12.42 (1H,
s, NHCO); 9.05 (2H, d, J=6.6 Hz, Py); 8.89 (1H, s,
CH=N); 8.40 (2H, d, J =6.6Hz, Py); 7.60 (1H, d, J=
7.6 Hz, Ph); 7.31 (1H, t, J = 8.8 Hz, Ph); 7.00-6.85 (2H,
m, Ph); 3.14 (1H, s, OH) ppm; *C NMR (75 MHz, DMSO):
6 159.72, 157.81, 149.88, 145.98, 143.26, 132.22,
129,08, 126.10, 124.76, 119.70, 118.95, 116.74 ppm.

The structure and purity of the synthesized compounds
were confirmed by FTIR (Nicolet Impact 400 spectrophot-
ometer) and 'H and '*C NMR spectra (Varian Mercury-Vx
BB 300 instrument, operating at 300 MHz for 'H, 75 MHz
for *C). The melting points were measured using the
Kofler apparatus and are uncorrected.

2.2 Chromatographic apparatus and conditions

The Spectra-Physics HPLC chromatographic system
(Watrex, Czech Republic) was composed of an isocratic
pump (Costametric 3500), automatic injector (AS 1000),
and UV/VIS detector (UV 3000 HR). The HPLC data were
processed with PC 1000 Software running under the OS/2
Warp operating system.

All separations were achieved on analytical column
packed with 5 um Nucleosil 120-5 Cs (Watrex, Czech
Republic). The 12.5 cm long analytical column was suffi-
cient for the analysis of SIH, while for both PIH and 0-108
a 25c¢m long column had to be employed. A flow rate of
0.8 mL/min was optimal for all separations. The UV detec-
tor was set to the dual wavelength mode. In all cases, the
first channel was set to 254 nm, while the second channel
monitored either at 287 nm (for analysis of PIH) or 288 nm
(SIH and 0-108). All separations of chelators and their
synthetic precursors were carried out with mobile phase
containing EDTA (in aqueous part) at a concentration of
2 mM. The optimal composition of mobile phases for the
separation of each chelator is specified below.

2.2.1 Analysis of PIH

The mobile phase for separation of PIH - 2HCI from its
synthetic precursors was composed of phosphate buffer
(0.01 M NaHzPQ,, 5 mM 1-heptanesulfonic acid sodium
salt; adjusted to pH 3.0 using 5% phosphoric acid) and
methanol (55:45, v/A). In order to separate PIH and iron
complex Fe(lll)-[PIH];, the composition of the mobile
phase had to be changed in following manner: phosphate
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buffer [0.01 M (NH.):HPO,; adjusted to pH 7.0 with 5%
phosphoric acid], methanol, and acetonitrile (60:20: 20,
vAVV).

2.2.2 Analysis of SIH

The mobile phase for separation of SIH + HCI from its syn-
thetic precursors was mixed from phosphate buffer
(0.01 M NaH.POQ,; adjusted using 1 M NaOH to pH 6.0)
and methanol (60:40, v/v). For appropriate separation of
SIH and Fe(ll)-{SIH]. the composition of mobile phase
was changed as follows: phosphate buffer [0.01 M
(NH,):HPQ,; adjusted using 5% phosphoric acid to
pH 7.0], methanol, and acetonitrile (65:25: 15, vA/V).

2.2.3 Analysis of 0-108

The mobile phase for separation of 0-108 from its syn-
thetic precursors consisted of phosphate buffer [0.01 M
{NH,).HPO,; adjusted with 5% phosphoric acid to pH 7.0],
methanol, and acetonitrile (60:20:20, vv/A). The same
composition of mobile phase, however without EDTA,
allowed the sufficient separation of 0-108, its synthetic
precursors as well as its iron chelate Fe(lll)-{o-108]..

2.2.4 RP-TLC conditions

Plates for nano-RP-TLC, 0.20 mm Silica gel Ci-100
UVas, with fluorescent indicator (Macherey-Nagel Diren,
Germany) were used for the analysis. The mixture of
phosphate buffer [0.01 M (NH.4).HPO,, adjusted with 5%
phosphoric acid to pH 7.0] and acetonitrile (60:40, vA)
was employed as the mobile phase. After a saturation
time of 30 min, 2 uL of standard solutions was spotted on
the TLC plates. The length of chromatographic run was
84 mm. All components were detected at the UV-light
wavelength of 254 nm.

2.3 Sample preparation

The stock solutions (500 pg/mL) of studied chelators were
prepared by dissolving an appropriate amount of pure
substance in methanol.

2.4 Preparation of iron chelates

The solutions of iron complexes were prepared according
to the procedure described in reference [17]. The solution
of FeCl; (dissolved in sodium citrate 100 mM) was mixed
with the solution of appropriate chelator in the molar ratio
of 2:1, following by sample incubation at rcom tempera-
ture for 60 min. The chelates were formed in the solutions
of pH 6.7-7.3. Under these conditions they appeared to
be relatively stable.

2.5 Calibration curves
The calibration curves were obtained from the analyses of
standard solutions at five different concentrations within
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the range 20— 150 pg/mL and 1-150 pg/mL for chelators
and synthetic precursors, respectively. The standard solu-
tions were prepared by diluting the stock solution with the
mobile phase.

2.6 Precision and accuracy

Intra-day precision was determined as the RSD values
calculated from the analyses of six injections at three
different concentrations of each chelator (140, 90, 25 pug/
mL) and corresponding synthetic precursors (140, 25,
2 pg/mL). The same experiment was repeated next day to
determine inter-day precision. The accuracy was calcu-
lated as a percentage of recovery of these analyses.

3 Results and discussion

3.1 HPLC method development

In order to increase the water-solubility of PIH and SIH,
current investigations employ water-soluble salts of these
chelators [7]. Different chromatographic conditions had to
be tested to achieve sufficient separation of each chelator
from its synthetics precursors. The development of HPLC
methods was initiated with analysis of PIH on a Cyz ana-
lytical column (Merck, Germany) with Purospher RP-18e
(5 pm) as stationary phase. Since this column gave asym-
metric and tailing peaks, other types of chromatographic
columns [Tessek-SGX Cig (7 pm), Biosfer SI CN (5 um),
3.3x 150 mm) and Discovery-ZR Carbon Cis (3 um)]
were tested. None of them provided desirable peak shape
and separation. Finally, a Watrex C+s column with Nucleo-
sil as a stationary phase was employed. Since this station-
ary phase gave satisfactory interaction with analytes, it
has been chosen for further method optimization. At first,
a 12.5 cm long column was employed for the analysis.
Although this length was sufficient for the separation of
SIH, isoniazid, and salicylaldehyde, for the effective sep-
aration of the other two chelators from their synthetic pre-
cursors, the longer column (25 cm}) had to be employed.

The effectiveness of Watrex Cys columns was evaluated
using the equation:

N =5.54 (tx/ Wos)?

where N is the column plate number, t; is the retention
time, and Wos is the peak width at 50% above base-
line [18]. The column efficiency was 5 510 for PIH, 6 019
for SIH, and 12 997 for o-108.

The mixtures of acetonitrile and water in different ratios
were tested as initial composition of mobile phase.
Whereas acetonitrile caused rather low retention, metha-
nol led to stronger retention of all compounds on the chro-
matographic column. The pH value of mobile phase was
changed from 3.0 to 7.5. It was observed that lower
pHcaused rather low retention of all compounds.
Although the separation of isoniazid and pyridoxal in the
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Figure 2. Typical chromatogram of separation of PIH from
its synthetic precursors. 20 uL. of the mixture consisting of
PIH, isoniazid, and pyridoxal at a concentration of 100 ug/mL
was injected onto a Watrex 250 x 4 mm column (Nucleosit
120-5, Cyg). The mobile phase was composed of phosphate
buffer (0.01 M NaH,PO,, 5mM 1-heptanesulfonic acid
sodium salt, 2 mM EDTA,; adjusted to pH 3.0) and methanol
(55:45, vA). Flow rate was 0.8 mL/min. The chromatogram
was detected at 254 nm.

Salicylaladehyde

Time (min)

Figure 3. Typical chromatogram of separation of SIH from
its synthetic precursors. 20 pL of the mixture consisting of
SIH, isoniazid, and salicylaldehyde at a concentration of
100 pg/mL was injected onto a Watrex 125 x 4 mm column
(Nucleosil 120-5, Cis). The mobile phase was composed of
phosphate buffer (0.01 M NaH.PO,, 2 mM EDTA; adjusted
to pH 6.0) and methanol (60: 40, v/V). Flow rate was 0.8 mL/
min. The chromatogram was detected at 254 nm.

presence of PIH appeared to be relatively problematic
(under an isocratic mode), addition of 1-heptanesulfonic
acid as an ion pair agent led to satisfactory resolution.
Nevertheless, the acid pH of the mobile phase was found
to be necessary for good separation of pyridoxal and iso-
niazid.

As reported in the literature [19, 20], the possible difficul-
ties in the analysis of chelating agent could arise from its
ability to bind labile iron from the HPLC device. This prob-
lem could be avoided by the addition of another strong
chelating agent in excess to the mobile phase [19, 20].
Therefore, to prevent the subsequent formation of che-
lates during chromatography, EDTA was added to the
aqueous part of the mobile phase in the concentration
range from 0.5 to 2 mM. Besides the prevention of analyte
complex formation during chromatography, the addition of
this substance improved the peak shape of all chelators.
The most significant effect of EDTA on the peak shape
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Figure 4. Typical chromatogram of separation of 0-108 from
its synthetic precursors. 20 uL of the mixture consisting of
0-108, pyridoxal, and 2-chlorobenzoic hydrazide at a con-
centration of 100 pg/mL was injected onto a Watrex 250 x
4 mm column (Nucleosil 120-5, Cs). The mobile phase was
composed of phosphate buffer [0.01 M (NH.).HPO,, 2 mM
EDTA; adjusted to pH7.0}, methanol and acetonitrile
(60:20: 20, vA/v). Flow rate was 0.8 mL/min. The chromato-
gram was detected at 254 nm.

was observed in the analysis of PIH. The addition of 2 mM
EDTA sufficiently decreased the peak area of sponta-
neously formed complex below 0.1% of the peak area of
the chelator. The dilution of samples with the mobile
phase prior to injection apparently improved the peak
shape as well. Due to the significantly lower absorption of
the synthetic precursors at the maximum absorption of
chelators, the UV detector was set at dual wavelengths.
While the first channel of the detector was set at 254 nm,
the second one was adjusted to the maximum absorption
of each chelator. This principle assured maximal detection
signal for each chelator with simultaneous satisfactory
sensitivity for the detection of synthetic precursors. The
appropriate chromatograms are displayed at Figure 2,
Figure 3, and Figure 4.

3.2 Linearity, precision, and accuracy

The peak area values of each chelator and synthetic pre-
cursors were plotted against the corresponding analyte
concentration in order to obtain calibration plots. The cor-
relation coefficients A > 0.999 proved good linearity of
these plots. Table 1 shows regression data for all chela-
tors as well as the synthetic precursors. The intra and
inter-day precisions (expressed as RSD) are displayed at
Table 2 and Table 3, together with the calculated per-
centages of recovery.

3.3 Separation of chelators from corresponding
iron-chelates

Chromatographic conditions previously described for the
separation of chelators from their synthetic precursors
were partially modified to obtain desirable separation of
each chelator from its iron chelate. Initially, EDTA was
removed from the mobile phase. While methanol as an
organic modifier led to simultaneous elution of the chela-
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Table 1. Regression data of the calibration curves related to the analysis of each chelator and its synthetic precursors. The line-
arity of these dependences was proved in the ranges 20-150 pg/mL and 1-150 ug/mL for chelators and synthetic precursors,

Chromatographic method development for separation of iron chelators

respectively.
Compound Linear regression Correlation UV detection
coefficient, A wavelength [nm]

PIH - 2HCI y = 78900x — 420000 0.9995 297
Isoniazid y=51980x — 80000 0.9996 254
Pyridoxal y=41100x — 70000 0.9997 297

SIH - HCI y=111500x — 33000 0.9998 288
Isoniazid y=48100x - 111000 0.9990 254
Salicylaldehyde y = 132000x — 30000 0.9991 254
0-108 y=69500x — 130000 0.9990 288
Pyridoxal y=25730x - 52000 0.9995 288
o-Chlorobenzoyl hydrazide y=12140x - 18000 0.9992 254

Table 2. Intra-day precision calculated from the analysis of six injections at three concentrations of chelators and synthetic pre-

cursors.

Concentration [ug/mL] Recovery % = SD; RSD
added found + SD; RSD

PIH - 2HCI 140.4 139.35+2.07; 1.49 99.28 + 1.47; 1.49
92.4 91.12+ 0.562; 0.62 100.80 + 0.62; 0.62
25.4 25.97+0.27;1.041 102.20 : 1.06; 1.041

Isoniazid 140.5 142.86+1.51;1.06 101.13+1.07;1.06
25.5 25.61+0.09;0.37 100.43+0.37,0.37

2.1 2.02:0.01;0.90 96.33+ 0.87;0.90

Pyridoxal 140.2 140.51:0.71;0.50 100.22 = 0.50; 0.50
25.4 24.84:0.32;1.30 97.80+1.27,1.30

2.0 1.96+0.01;0.70 98.33:0.69;0.70

SIH - HCI 140.5 141.10+1.20; 0.85 100.42 + 0.85; 0.85
95.5 93.51:0.49,0,53 98.95; + 0.52; 0.53

22 21.67:0.04;0.21 98.52 + 0.20; 0.21

Isoniazid 140.0 139.36 + 0.66; 0.48 99.54 + 0.47;0.48
255 25.42:0.12;0.43 99.68 + 0.43; 0.43

23 2,39:0.01;0.43 103.91 = 0.45;0.43

Salicylaldehyde 145.0 145.59: 0.70; 0.48 100.41 + 0.48;0.48
253 24.98:0.31,1.26 98.75+ 1.24;1.26

2.3 2.26:0.05;2.43 98.67 + 2.40; 2.43

0-108 139.2 140.97 + 0.75; 0.53 101.27 : 0.54; 0.53
90.5 92.29:0.73;0.79 101.98+0.81;0.79

25.2 25.59+ 0.09; 0.36 101.54: 0.36; 0.36

Pyridoxal 140.2 141,16+ 1.01;0.71 100.68+ 0.72; 0.71
25.5 24.36+0.35; 1.42 95.53+ 1.36;1.42

1.9 1.85:0.02;1.00 97.29:0.97; 1.00

o-Chlorobenzoyl 145.0 14276+ 1.51;1.06 101.97:1.08; 1.06
hydrazide 24.0 24.73+0.38; 1.55 103.06 = 1.59; 1.55
2.0 1.96+0.01;0.65 98.17=0.64;0.65
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Table 3. Inter-day precision calculated from the analysis of six injections at three concentrations of chelators and synthetic pre-

CUrsors,
Concentration [ug/mL] Recovery % + SD; RSD
added found + SD; RSD

PIH - 2HCI 138.5 134,50+ 0.89; 0.66 97.11+ 0.64, 0.66
95.2 93.02:1.28;1.37 97.70+1.34; 1.37
20.4 19.94 + 0.35;1.76 97.74:1.72,1.76
Isoniazid 142.0 140.83:0.101;0.71 99.17 + 0.70; 0.71
22.0 22.20+ 0.36; 1.62 100.86 = 1.64; 1.62
2.0 2.04:0.01;0.44 102.33+0.45;0.44
Pyridoxal 140.0 138.79:1.01;0.73 99.13:0.72;0.73
24.8 24.13:0.35; 1.47 97.30+1.43;1.47
2.1 1.98:0.01,0.66 99.37 + 0.65; 0.66
SIH - HCI 138.6 138.10:2.56; 1.86 99.64 + 1.85; 1.86
96.0 93,66+ 0.850.90 97.56 = 0.88; 0.90
21.8 21.64:0.14;0.66 99.25+ 0.65; 0.66
Isoniazid 141.0 139.21:0.76; 0.55 98.73+0.54;0.55
25.5 25.05:0.09,0.37 102.20+0.38; 0.37
25 2.39:0.02;0.88 95.58 + 0.84, 0.88
Salicylaldehyde 140.0 14210+ 1.17;0.83 101.50 + 0.84; 0.83
24,1 23,46+ 0.16;0.70 97.36 £ 0.68; 0.70
2.0 1.95:0.04; 1,92 97.39.1.87;1.92
o-108 139.3 141.42+:0.21;0.15 101.52:0.15;0.15
915 94.46 + 0.59; 0.63 103.24 + 0.65, 0.63
258 21.67 +0.06; 0.21 98.91:0.21;0.21
Pyridoxal 139.0 136.10+ 2.47;0.81 97.91+1.77,1.87
245 23.84:0.32;1.32 97.31+1.29;1.32
22 2.12:0.05;2.55 96.34 = 2.46;2.55
o-Chlorobenzoyl 143.0 151.54 £ 0.50; 0.33 105.97 + 0.35, 0.33
hydrazide 252 25.840.36; 1.38 102.54+142;1.38
1.89 2.03:0,03;1.35 102.54 + 1.39, 1.35

tor and the corresponding iron chelate, partial replace-
ment with acetonitrile gave sufficient separation of these
compounds. The best condition for chromatographic sep-
aration was obtained at pH 7. Although almost the same
chromatographic conditions (with exception of EDTA as
the mobile phase additive) could be employed for the
effective separation of 0-108, its synthetic precursors as
well as Fe(ill)-{o-108]. (Figure 7), in the case of both PIH
and SIH the situation was more difficult. It was not possi-
ble to simultaneously separate chelator, the synthetic pre-
cursors, and the corresponding chelates (in the isocratic
mode). This problem may be overcome using the gradient
mode of chromatographic analysis. Hence, further investi-
gation may be focused on method optimization to develop
chromatographic conditions for the effective separation of
each chelator, synthetic precursors, as well as its iron che-
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late. The representative chromatograms of separation of
PIH and SIH, respectively from their iron-chelates are dis-
played in Figure 5 and Figure 6.

3.4 RP-TLC

In order to obtain fast and easy separation of all compo-
nents (chelators, chelates, as well as the synthetic precur-
sors) the RP-TLC method is presented. Standard solu-
tions of all components were spotted on the TLC plate; the
spots were dried and run in different solvent systems. The
following solvent systems were used in different ratios:
Water-methanol (50:50), water-acetonitrile (50:50),
0.01 M phosphate buffer (pH 3.5)-methanol (50:50),
0.01 M phosphate buffer (pH 7.0)-methanol (50:50 and
60:40), and 0.01 M phosphate buffer (pH 7.0)-acetonitrile
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Fe(11l)-[PIH]2

Time (min)

Figure 5. Typical chromatogram of separation of PIH from
its iron complex, 20 uL of the mixture consisting of PIH
(100 pg/mL) and corresponding iron complex was injected
onto a Watrex 250 x 4 mm column (Nucleosil 120-5, Cy).
The mobile phase was composed of phosphate buffer
[0.01 M (NH,),HPO,; adjusted to pH 7.0], methanol, and
acetonitrile (60:20:20, vvA). Flow rate was 0.8 mL/min.
The chromatogram was detected at 297 nm.

Fe(I1)-{SIH}2
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my
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Figure 6. Typical chromatogram of separation of SIH from
its iron complex. 20 ul. of the mixture consisting of SIH
(100 pg/mL) and corresponding iron chelate was injected
onto a Watrex 125x 4 mm column (Nucleosil 120-5, Cis).
The mobile phase was composed of phosphate buffer
[0.01 M (NH.); HPO,; adjusted to pH 7.0], methanol and
acetonitrile {55:25:15, vA/\). Flow rate was 0.8 mL/min.
The chromatogram was detected at 288 nm,

(50:50, 60:40, and 70:30). The last solvent system was
selected as the best for separation of all compounds (Fig-
ure 8). Table 4 shows the appropriate A values.

While the silica based TLC described in the literature does
not provide separation of the chelators and their chelates,
the RP-TLC method enables a more efficient approach
leading to convenient separation of all chelators, their syn-
thetic precursors as well as corresponding iron chelates.
Despite the indisputable limitations of this analytical
approach (lower sensitivity, difficulties with simultaneous
qualitative and quantitative analysis, etc.), TLC repres-
ents an easy and rapid way for routine monitoring of quali-
tative parameters of the drug substance or the stock solu-
tions. Since it does not require any special instrumenta-
tion or an experienced operator, it could be a valuable
contribution for those laboratories without an analytical
background.

J. Sep. Sci. 2004, 27, 15031510 www.jss-journal.de

mv

Pyridoxal Fe(lI-l0-10812

2-chlorobenzoic
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Figure 7. Typical chromatogram of separation of o-108 from
its iron complex and synthetic precursors. 20 pL of the mix-
ture consisting of 0-108, o-chlorobenzoyl hydrazone, and
pyridoxal (at the concentration of 100 pg/mL) and corre-
sponding iron chelate was injected onto a Watrex 250 x
4 mm column (Nucleosil 120-5, C,s). The mobile phase was
composed of phosphate buffer {0.01M (NH,), HPO,;
adjusted to pH 7.0], methanol, and acetonitrile (60:20:20,
vA/v). Flow rate was 0.8 mL/min. Detection at 288 nm.

< L > L
< 1l > L
- X
o v -
v OX
O VI
PIH SIH 0-108

Figure 8. RP-TLC chromatogram. 2L of three mixtures
(each composed of chelator, corresponding iron chelate, and
synthetic precursors) containing 1pg of each component
was spotted on the RP-TLC plates. The mixture of phos-
phate buffer [0.01 M (NH.).HPQ,; adjusted to pH 7.0] and
acetonitrile (60:40, vA) was used as a mobile phase. (. -
Isoniazid; Il — Pyridoxal; lll. — Fe(lll)-[PIH]z IV. — PIH; V. —
Fe(ll)-[SIH];; VI. — SIH; VII. — Salicylaldehde; VIll. — 2-
chlorobenzoic hydrazide; IX. — Fe (l11)-[0-108],; X. - 0-108).

4 Concluding remarks

For the first time, simple, accurate, and precise HPLC
methods for the separation of promising drug candidates
(PIH, SIH, 0-108) from their synthetic precursors are pre-
sented. In order to get sufficient separation of each chela-
tor from the appropriate Fe(lll)-chelate the chromato-
graphic conditions were partially modified. In addition, a
RP-TLC method for simultanecus determination of chela-
tors, chelates, and their synthetic precursors has been
developed. Whereas RP-TLC enables routine, simple,
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Table 4. R, values obtained from RP-TLC for all chelators,
synthetic precursors, and iron chelates.

Component Ry value
PIH 0.56
Fe(IlN)-[PIH]. 0.71
SIH 0.33
Fe(lll)-[S1H], 0.57
o-108 0.38
Fe(lll)-[o-108], 0.64
Pyridoxal 0.86
Isoniazid 0.80
Salicylaldehyde 0.29
o-Chlorobenzoyl hydrazide 0.60

and rapid monitoring of qualitative parameters of these
compounds, HPLC represents a comprehensive approach
for precise evaluation of both qualitative and quantitative
parameters of these analytes. The methods described in
this paper may find application in routine purity and stability
evaluation. Furthermore, HPLC methods presented herein
might represent a first step for determination of these pro-
mising drug candidates in biclogical fluids.
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Komentar k ¢lanku

Prvni prace tohoto tematického celku se zabyva vyvejem chromatografickych
metod vhodnych pro hodnoceni Cistoty a stability tfi novych aroylhydrazonovych
chelatori Zeleza (pyridoxal isonikotinoyl hydrazonu - PIH, pyridoxal 2-
chlorbenzoyl hydrazonu — 0-108 a salicylaldehyd isonikotinoyl hydrazonu - SIH)

s hlavnim zaméfenim na metodu vysokoucinné kapalinové chromatografie.
Cilem této casti bylo:

1/ Vyvinout a validovat HPLC metody umoznujici separaci tii novych chelatort
zeleza (PIH, SIH, 0-108) a jejich syntetickych prekurzort (rozkladnych produktl).

2/ Vyvinuté chromatografické podminky upravit tak, aby umoznily separaci
chelatord a jejich komplexii se Zelezem (Fe**-[chelator]y).

3/ Vyvinout jednoduchou RP-TLC metodu, umoziujici rychlou separaci vSech tii

chelétort, syntetickych prekurzort a ptislusnych komplext se Zelezem (Feg+).
Komentar a diskuze k vysledkim

Piestoze uvedené latky vykazuji zajimavé farmakologické vlastnosti, nebyly
dosud dostatecné definovany analyticky. Vzhledem k tomu, Ze v literatuie nebyla
dostupna zadna HPLC metoda pro analyzu téchto latek, ani latek strukturné blizkych,
bylo nutné zacit s vyvojem analytické metody ,,od pocatku®.

Pii vyvoji HPLC metod byly testovany chromatografické kolony s riiznou néaplni.
Jako optimalni se jevila kolona s naplni Nucleosil 120-5 C18 (5 um), firmy Watrex.
D¢lka kolony 12,5 cm byla dostacujici pro separaci SIH a syntetickych prekurzort
(salicylaldehydu a isoniazidu), avsak v ptipadé PIH a 0-108 bylo nutno pro dosazeni
pozadované separace pouzit kolonu delsi (25 cm). Jako mobilni faze byly testovany
rizné smeési organickych rozpoustédel (methanol, acetonitril) a pufrii o rizném pH.
Malé¢ mnoZstvi EDTA, bylo pfiddno do vodné slozky mobilni faze pro zamezeni
tvorby komplexti chelatort s ionty Zeleza, které by mohly byt pfitomny ve stopovém
mnozstvi v chromatografickém systému. Ptidavek tohoto aditiva zlepSoval tvar
chromatografickych piki vSech analyzovanych chelatorti, pficemz nejvétsi vliv byl

pozorovan u piku PIH. Ponckud problematickou se zpocatku jevila separace
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syntetickych prekurzori PIH (pyridoxalu a iSoniazidu). Pfidavek iontové-parového
¢inidla (kyseliny heptansulfonové¢) vSak umoznil dosdhnout pozadované separace i za
izokratickych podminek. Pro detekci analyt byly nastaveny vzdy dvé vinové délky.
Prvni odpovidajici maximu absorbance chelatoru (297 nebo 288 nm) adruha
umoziujici dostatecnou citlivost detekce syntetickych prekurzori (254 nm).
Vyvinuté HPLC metody byly validovany s ohledem na linearitu, pfesnost a spravnost
stanoveni chelatorti 1 jednotlivych syntetickych prekurzort.

Tyto chromatografické podminky byly nasledné modifikovany tak, aby byla
dosazena separace jednotlivych cheldtorti a odpovidajicich komplexti s zelezem.
Kromé odstranéni EDTA z mobilni faze bylo v piipadé¢ PIH a SIH jesté¢ nutné déle
modifikovat jeji slozeni, aby nedochdzelo ke koeluci cheldtoru a ptisluSného
komplexu. Caste¢na nidhrada methanolu za acetonitril a tiprava pH mobilni faze
vedla k pozitivnimu ovlivnéni selektivity separace a tim i k rozdéleni pikti chelatoru
(PIH a SIH) a komplexu. V ptipadé 0-108 bylo mozné pouzit stejné podminky pro
separaci chelatoru, syntetickych prekurzort i odpovidajiciho komplexu s Zelezem
(kromé pFitomnosti EDTA v mobilni fazi).

Zavérecna Cast této prace se zabyvala vyvojem RP-TLC metody urcené
predevsim K rychlém a jednoduché analyze téchto latek, vyuzitelné i v laboratofich,
zvolena TLC deska sreverzni fazi C18. Jako faze mobilni byla pouzita smés
acetonitrilu a fosfatového pufru. Vyvinuta RP-TLC metoda umoziuje separaci vsech
chelatoru, jejich syntetickych prekurzoru i ptislusnych komplexi se Zelezem.
stability tii aroylhydrazonovych chelatoru Zeleza a RP-TLC metodu vhodnou

pro rychlou analyzu téchto latek.
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Abstract

Biocompalible iron chelators are currently under extensive investigation as promising drug candidates. Pyridoxal isonicotinoyl hydrazone
(PIH) is a lead compound of the aroylhydrazone group of novel iron chelating agents. In this study, the precise and accurate HPLC analytical
methods were used for the stability evaluation of water-soluble PIH salt (PIH-2HCI) in aqueous media of different pH (2.0, 3.9, 7.0, 9.0
and 12.0) as well as in two selected pharmaceutical co-solvents at both laboratory and elevated (40 °C) temperatures. The susceptibility of
PIH-2HCI to oxidative decomposition was studied in the solutions of hydrogen peroxide (3 and 30%). Furthermore, the solid substance of
PIH-2HCI was exposed to UV, dry and wet heat. Our experiments revealed that PIH was considerably sensitive to hydrolytic decomposition
in aqueous media, resulting in the splitting of the hydrazone bond. The elevated temperature significantly accelerated the hydrolytic reaction.
The lowest rate of hydrolysis of PIH was observed in the phosphate buffer of pH 7.0 and in the pharmaceutical co-solvents (30% PEG-300
and 10% Cremophor EL). No special degradation products were detected in the samples exposed to either hydrogen peroxide or co-solvents.

The solid substance of PIH-2HCI was stable when exposed to UV, dry or wet heat for 33 h.

© 2005 Elsevier B.V. All rights reserved.

Keywords: Pyridoxal isonicotinoyl hydrazone; PIH; Stability; HPLC; Iron chelator

1. Introduction

Biocompatible iron chelators are within the biological sys-
tems capable to selectively form stable complexes with free
or loosely bound iron without significant interference with
other important biometals. Iron chelation therapy is now rou-
tinely used in iron-overloaded patients to prevent severe organ
damage, which would ultimately lead to death. Additionally,
growing body of evidence suggests that iron, even in non-
overloaded subjects, plays an important role in a number of
human pathologies, and thus the concept of iron chelation
represents a unique approach for the novel drug development
[1].

Pyridoxal isonicotinoyl hydrazone (PIH, Fig. 1) is a selec-
tive, biocompatible iron chelating agent developed by Ponka
etal. [2].

* Corresponding author.
E-mail address: petra.kovarikova@faf.cuni.cz (P. Kovatikova).

0731-7085/% — see front matter © 2005 Elsevier B.V. All rights reserved.
doi: 10.1016/j.jpba,2005.06.021

Today, it is a lead compound of the large group of aroyl-
hydrazone iron chelators. PIH is a tridentate ligand which
can bind free or loosely bound Fe?* via its phenolate oxy-
gen, imine nitrogen and carbonyl oxygen atoms in a 1:2
stoichiometry. This compound can be readily synthesized
by Schiff-base condensation from commercially available
substances (pyridoxal and isonazid) [3]. PIH is a crystalline
substance, which can exist in the form of different hydrates
and salts, colored from light yellow to orange. Unfortunately
the free base of PIH is poorly soluble in aqueous media of
neutral pH. Since this fact represents considerable limitation
for its use as a pharmaceutical, the synthesis of water-soluble
salt (PIH-2HCI) has been developed and patented [4].

PIH has been shown as an effective iron chelator both in
vitro and in vivo [3]. In an addition to promotion of body iron
excretion, some other promising pharmacodynamic effects
(antioxidative, antiproliferative and retinoprotective) have
been reported in the preclinical studies [3,5,6]. The toxic-
ity and tolerability of single and repeated administration of
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Fig. 1. The chemical structure of PIH.

PIH have been assessed in rats and rabbits [7,8]. Following
the encouraging results from animal studies, phase I, clini-
cal trial was performed. This study confirmed low toxicity
and good tolerability of this chelator, although its efficacy in
iron-overloaded patients was lower than in the animal studies
[9]. These results might have been caused by an inappropriate
pharmaceutical formulation leading to limited bioavailability
[3]. This can be overcome using the water-soluble PIH salt
(PIH-2HCYI), which is now available.

The stability assessment of any promising drug candidate
plays a vital role in the process of the novel drug develop-
ment. Many environmental conditions, such as heat, light,
moisture as well as the inherent chemical susceptibility of a
substance to hydrolysis or oxidation can play an important
role in pharmaceutical stability. These studies also provide
essential information supporting pharmaceutical formulation
development. Furthermore, they help to define storage and
handling conditions. The exposition of the drug substance
to extreme external conditions helps to revealing and iden-
tifying the likely degradation products [10]. Although some
pilot data on the stability of PIH have already been reported
[11,12], no systematic stress study on the drug has been per-
formed. Since the water-soluble salt (PIH-2HCI) possessed
favorable pharmaceutical properties, we focused on the sta-
bility of this salt.

The stability of this chelator was determined in the aque-
ous media of different pH (2.0, 3.9, 7.0, 9.0 and 12.0) and
in selected pharmaceutical co-solvents (30% PEG-300 and
10% Cremophor EL) at both the laboratory (25 °C) and ele-
vated (40 °C) temperature. The susceptibility of PIH-2HCI to
oxidative decomposition was studied using the exposure to
hydrogen peroxide (3 and 30%). In addition, other extreme
external conditions (UV, dry and wet heat) were employed in
order to describe degradation behavior of the said compound.

2. Experimental part
2.1. Material and instrumentation

2.1.1. Chemicals

PIH-2HCI was synthesized according to Lewis et al. [4].
The structure and purity of this compound was confirmed
by FTIR (Nicolet Impact 400 spectrophotometer, Thermo,
Madison, USA), 'H and '3C NMR (Varian Mercury-Vx
BB 300 instrument, Palo Alto, USA, operating at 300 MHz

for 'H, 75MHz for '3C) and HPLC method [13]. The
melting point was measured using the Kofler apparatus
(Boétius, Nagema, Germany) and it is uncorrected. The melt-
ing point (255-260°C, degradation) and the spectra were
in accordance with those previously reported [4]. Isoni-
azid, pyridoxal, isonicotinic acid and 1-heptanesulfonic acid
sodium salt were purchased from Sigma—Aldrich (Munich,
Germany). Methanol, EDTA, phosphate buffers, hydro-
gen peroxide, phosphoric acid and sodium hydroxide were
obtained from Lachema a.s. (Bmo, Czech Republic). PEG-
300 and Cremophor EL were purchased from Kulich (Hradec
Krilové, Czech Republic). The water was purified using
reverse OSmosis.

2.1.2. Chromatographic systems and conditions

2.1.2.1. Isocratic method (method I). The chromatographic
system (Thermo Separation Products Inc., Riviera Beach,
USA), which consisted of an isocratic pump (Costametric
3500), an automatic injector (AS 1000) and a UV—vis detec-
tor (UV 3000 HR), was used for the stability evaluation. The
HPLC data were processed with SpectraSystem Software-PC
1000 operated under the control of a OS/2 Warp operation
system. The chromatographic conditions used in this study
have been developed and discussed in our previous study [ 13].
The chromatographic analyses were achieved on 5 wm parti-
cle size C g Nucleosil (Watrex, Prague, Czech Republic) col-
umn (250 mm x 4 mm) kept at 25 °C. The mobile phase was
composed of mixture of component A (methanol) and com-
ponent B (0.01 M NaH2POy4, with 5mM I-heptanesulfonic
acid sodium salt, adjusted to pH 3.0) in a ratio 49:51 (v/v).
EDTA was added into the aqueous part of mobile phase (com-
ponent B) in the concentration 2mM. The flow rate was
0.9 ml/min and the detector was set up to the dual mode (297
and 254 nm). While the first channel was set at the absorp-
tion maximum of PIH (297 nm), the second channel enabled
the more sensitive detection of the degradation products. The
injection volume was 20 pl.

2.1.2.2. Gradient method (method II). In order to reveal
the possible co-elution of isoniazid and isonicotinic acid,
the method was change from isocratic to gradient one. The
gradient analyses were performed using chromatographic
system series HP 1100 (Agilent Technologies, Palo Alto,
USA) which consisted of a HP 1100 series binary pump,
a vacuum degasser, a thermostated column compartment, a
variable wavelength detector and an autosampler. The chro-
matographic data were processed using HP Chemstation
(Agilent technologies). The following gradient was used:
0—6 min 80-50% (component B); 6-18 min 50-0% (compo-
nent B); 18-25 min 0-80% (component B). All other HPLC
conditions were the same as described above (method I).

2.1.3. Stability study instrumentation

The hydrolytic stability study was carried out using watet
bath U 7 (LMW, Medingen, Germany) equipped with ther-
mostat controller. Photostability study was performed under
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the UV lamp (Camag, Muttenz, Switzerland). The exposi-
tion to wet and dry heat was proceeded in oven (HS 61-A,
Chirana, Prague, Czech Republic) set at 80 “C.

2.2, Stability study

2.2.1. Calibration curve, precision and
accuracy—methods I and 11

The stock solution of PIH (500 pg/ml) was prepared by
dissolving an appropriate amount of PIH-2HCl in pure water.
The calibration curve was made using standard solutions of
six different concentrations of PIH (0.25, 0.5, 1, 2, 5 and
10 wg/ml). The standard solutions were prepared by diluting
the stock solution with the mixture of methanol-phosphate
buffer [0.1 M (NH4)2HPOy4, pH 7.0] in a ratio 1:1. The peak
area ratios (detected at 297 nm) were plotted against the cor-
responding concentrations. The accuracy was evaluated as a
percentage of recovery of the analyses of the spiked samples
at three concentration levels. The precision was expressed as
a R.S.D. of the analyses of these spiked samples.

2.2.2. Stability of PIH in aqueous solutions of different
pH and in the pharmaceutical co-solvents

The hydrolytic stability of PIH (at the concentration of
20 pg/ml) was studied in the following media: phosphate
buffers of pH 2.0, 7.0 and 9.0; 0.3% KOH (pH 12.0); pure
water and solutions of pharmaceutical co-solvents, viz. 10%
Cremophor EL; 30% PEG-300. The following buffers were
used in these experiments: 0.1 M NaH>POQy, adjusted using
10% phosphoric acid to pH 2.0; 0.1 M (NH4)2HPOy4, adjusted
using 10% phosphoric acid to pH 7.0; 0.1 M (NH4)2HPOq4,
adjusted using | M NaOH to pH 9.0. The solutions of co-
solvents were prepared by dilution of appropriate amount
of Cremophor EL and PEG-300 with the neutral phosphate
buffer (pH 7.0). The tested solutions were prepared as fol-
lows: 0.4ml of the standard solution were added into the
10 ml volumetric tubes and filled up with a buffer, 0.3% KOH,
pure water, 10% Cremophor EL or 30% PEG-300. The tested
solutions were maintained either at laboratory temperature
(25°C) or in water bath at 40°C. At 0, 15, 60, 120, 180
and 240 min, 1 ml of each tested solution was mixed with
4 ml of the mixture of methanol-phosphate buffer (pH 7.0)
in a ratio 1:1 and injected onto the column in triplicate. Each
experiment was performed in duplicate and the results were
expressed as means. Control samples consisting of 1 ml of the
appropriate degradation medium and 4 ml of the mixture of
methanol-phosphate buffer [0.1 M (NH4);HPO4, pH 7.0] in

Table |

aratio of 1:1 were injected onto the column before every sin-
gle analysis. All samples were analyzed employing isocratic
method (method 1). In order to determine the relative rate
of hydrolytic decomposition of the chelator, the logarithm of
remaining concentration (log C) was plotted versus time. The
linearity of the dependence was investigated using the linear
regression. The half-life values (11,2) of the hydrolyses were
calculated from the slope of the kinetic curves. The samples
from the end of each study were also analyzed employing the
gradient HPLC method (method II).

2.2.3. Oxidative stability

In order to reveal both the susceptibility of the chelator
to oxidative decomposition and the possible oxidative degra-
dation products, 0.4 ml of the standard selution of PIH were
added into the volumetric tubes and filled up with either 3%
(vIv) or 30% (v/v) hydrogen peroxide. The hydrogen perox-
ide (3%) was prepared by dilution of the concentrated hydro-
gen peroxide with the phosphate buffer (pH 7.0). The tested
solutions were maintained at laboratory temperature (25 °C)
or in a water bath at 40°C. After 4h, I ml of each tested
solution was mixed with the mixture of methanol-phosphate
buffer (0.1 M (NH4)2HPO4, pH 7.0) in aratio 1:1 and injected
onto the column. The samples were analyzed using methods
I'and I1.

2.2.4. Photostability and thermal stability (dry and wet
heat)

The solid substance of PIH-2ZHCI was outlaid uniformly
under the UV lamp (set at 254 nm) in the laboratory (25 °C,
60% RH) or maintained as a thin film in the oven set at
80 °C. In order to simulate the wet heat conditions, the sub-
stance was moisturized with pure water (10% of the substance
weight). At the time period of 3, 18, 26 and 33h 10mg of
substance were dissolved in water, diluted with the mixture
of methanol—phosphate buffer [0.1 M (NHg)2 HPO4, pH 7.0]
in a ratio 1:1 and injected onto the column. The samples were
analyzed employing method L.

3. Results and discussion

3.1. Calibration curve, precision and
accuracy—methods I and 11

The correlation coefficients r=0.9996 and 0.9989 indi-
cated the linearity of the isocratic and the gradient method,

Intra- and inter-day accuracy and precision of the method isocratic method (method Iy

Concentration added (pg/m!t) Intra-day (n=35)

Inter-day (n=3)

Concentration found
(pg/ml) £S.D.; R.S.D.

Recovery (%)

Concentration found
{pg/ml)£S.D.; R.S.D.

Recovery (%)

8.00 8.01 £0.10; 1.25
1.17 1.18£0.01; 0.9
0.50 051+£0.17;2.83

100.17 8.09+£0.11; 1.38 101.10
100.45 1.16+0.01; 1.23 99.93
101.11 0.50+0.01; 2.20 100.32

90



Experimentalni ¢ast

J. Pharm. Biomed. Anal. 40 (2006) 105-112.

108 P. Kovatikovd et al. / Journal of Pharmaceutical and Biomedical Analysis 40 (2006) 105-112

Table 2

Intra- and inter-day accuracy and precision of the gradient method (method 11)

Concentration added (pg/ml)

Intra-day (n=5)

Concentration found

(pg/ml}£S.D.; R.S.D.

Recovery (%)

Inter-day (n=3)

Concentration found

(pg/mh) £ S.D.; RS.D.

Recovery (%)

10.02 10.60 £ 0.18; 1.66 103.97 10.35 + 0.27; 2.60 103.19
1.28 1.27 £ 0.01; 1.1 99.90 1.26 £ 0.01; 1.30 99.72
0.61 0.61 £ 0.01; 1.01 99.07 0.60 + 0.01; 1.96 98.99
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>
2
<
E
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Fig. 2. Chromatograms of separations of PIH from pyridoxal and isoniazid using (A) the isocratic mode and (B) gradient mode of the analyses. The chro-

matograms were detected at 254 nm.
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respectively. The results of the methods’ accuracy and pre-
cision are shown in the Tables 1 and 2. Fig. 2 shows the
chromatograms of the separation of PIH and its degradation
products (pyridoxal and isoniazid) employing the isocratic
and gradient chromatographic methods.

3.2. The stability of PIH in aqueous solutions of different
pH and in the selected pharmaceutical co-solvents

Since hydrazone bond is known to be sensitive to both
acid and alkaline hydrolysis, wide range of pH was cho-
sen on purpose to cover acid, neutral as well as alkaline
conditions and to allow the comparison among these condi-
tions. The susceptibility of PIH to hydrolytic decomposition
was determined as a decrease of the concentration of chela-
tor during the time course of the experiment. Relatively
fast degradation of PIH was observed in the acid medium
(phosphate buffer, pH 2.0). At the laboratory temperature,
44% of the initial amount of PIH decomposed to isoniazid
and pyridoxal within 4 h. The acid hydrolysis was markedly
accelerated with the elevated temperature, where 89% of the
initial amount of the chelator decomposed during the same
time period. The decrease of the concentration of PIH was

2 pH 2
A
¢ Lab.temp.
015
& 440°C
=]
2 1
054
0 50 100 150 200 250
Time (min)
pH7
2
5 * -Lab.lemp
2
o A40°C
k)
1.5+ v J
0 50 100 150 200 250
Time (min)
2 pH 12
*
A * * * *
(8] A a A ¢Llabtemp
°
15
o A40°C
1 v T
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accompanied with the increase of the peak areas of both
degradation products (pyridoxal and isoniazid). In order to
determine the rate of the hydrolytic reactions (at both labo-
ratory temperature and 40 °C) the log C were plotted versus
time. The linear behavior of these plots indicated the pseudo-
first order reaction rates (correlation coefficients r=0.985 and
0.989 for laboratory and elevated temperature, respectively;
Fig. 3).

The degradation behavior was also observed in 20 pg/ml
solution of PIH-2HCI in pure water. The pH of this solu-
tion was 3.9. Interestingly, the hydrolysis at the laboratory
temperature did not follow the pseudo-first order rate. The
concentration of PIH had reached 82% of initial concentra-
tion at 120th min of experiment and did not decrease further.
On the contrary, the hydrolysis of PIH in the same solution at
elevated temperature (40 °C) followed the pseudo-first order
degradation (r=0.990) (Fig. 3).

In neutral solution (phosphate buffer, pH 7.0) relatively
slow hydrolysis of PIH was observed. At the laboratory tem-
perature 10% of PIH decomposed during the time course of
this study (240 min). The elevated temperature accelerated
the hydrolytic reaction (26% of initial amount of the sub-
stance decomposed). Both the hydrolysis at the laboratory

24 o . Pure water .
A *
& Lab.temp
o 1.5 4
& ad0°C
=]
o 1
0.5 v T v T
0 50 100 150 200 250
Time (min)
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o
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Fig. 3. The kinetic plots (log C vs. time) of the hydrolyses of PIH in aqueous solutions of different pH at laboratory (25 °C) and elevated (40 °C) temperatures.
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and the elevated temperature followed the pseudo-first order
rates (the correlation coefficients r=0.974 and 0.990, respec-
tively; Fig. 3).

At the laboratory temperature, hydrolysis of PIH in alka-
line phosphate buffer (pH 9.0) followed the pseudo-first order
reaction rate (r=0.999). On the contrary, a non-linear pro-
file of the dependence log C versus time was obtained in the
experiment carried out at the elevated temperature. The initial
rapid decrease of the concentration of PIH (obtained during
the first 60 min of the experiment) was followed by the more
gradual fall by the end of the study. Under the conditions
of alkaline hydrolysis, 49 and 72% of the initial amount of
PIH decomposed at the laboratory and elevated temperature,
respectively.

The stability of PIH was also studied in the strong alkaline
solution (pH 12.0). In this medium, hydrolysis of the chelator
did not follow the pseudo-first rate either at laboratory tem-
perature or at 40 °C. The initial fast degradation rate (seen
in first 60 min of hydrolysis) was followed by slower one by
the end of experiment. 33 and 60% of the initial amount of
PIH decomposed in KOH solution (pH 12) at laboratory and
elevated temperature, respectively (Fig. 3).

Besides the hydrazone bond, PIH contains also another
hydrolytically sensitive bond—hydrazide one. Considering
the hydrolytic splitting of this bond, the presence of isonico-
tinic acid on chromatograms would be expectable. Since the
isocratic mode of the analysis was unable to separate isoni-
cotinic acid from isoniazid, the chromatographic mode was
changed to gradient one. The most stressed samples were
analyzed employing the gradient method developed for this
purpose. Only minor amount of isonicotinic acid (less then
109% of the peak area of isoniazid) was detected. Thus, based
on this observation, it was confirmed that pyridoxal and isoni-
azid should be considered as the main hydrolytic degradation
products of PIH, whereas the isonicotinic acid is only the
minor one. The results of this study indicate that PIH-2HCI
is sensitive to hydrolytic decomposition in aqueous solutions.
The reaction data are summarized in Table 3.

Since considerable rate of hydrolysis could been observed
in all tested media already at the laboratory temperature,
the degradation of PIH in aqueous solution should be taken

Table 3

into account in further investigations employing this chela-
tor. At the laboratory temperature, hydrolytic reaction pro-
ceeds faster in the alkaline solution than in the appro-
priate acidic one. This observation is in agreement with
the outcomes of the study performed by Richardson et
al. [11], although the hydrolytic conditions employed are
not completely identical. Interestingly, the hydrolysis rate
in the solution of pH 12 was determined to be lower
than the decomposition in the phosphate buffer of pH 9
(at both laboratory and elevated temperature). However,
the hydrolysis in pH 12 did not follow the pseudo-first
order kinetic either at laboratory temperature or at 40°C.
This observation could be likely explained by the possi-
ble backward reaction {condensation), which can take place
in the alkaline solution. The significant condensation of
pyridoxal and isoniazid in the selution of pH 12 (result-
ing into the formation of hydrazone) was also reported
[11].

At laboratory temperature, the alkaline hydrolysis (pH 9)
of PIH was faster than the acid ones (pH 2 and 3.9). Never-
theless, the elevated temperature affected the acid hydrolysis
more significantly. At 40 °C, the PIH concentrations in acid
conditions were at the end of the experiment even lower than
those obtained in alkaline ones. The less pronounced effect of
temperature on alkaline hydrolysis might be associated with
the acceleration of the backward reactions in these conditions.

Since acid hydrolysis of PIH (pH 2) followed pseudo-
first order rate (at both temperatures), the backward reactions
played a minimum role. By contrast, the hydrolysis in pure
water (pH 3.9) followed the pseudo-first order rate only when
performed at elevated temperature, which leads us to an
assumption that at the laboratory temperature the backward
reaction might take place as well.

The slowest, however still important, degradation was
observed in the neutral phosphate buffer. The calculated half-
life of neutral hydrolysis is different from that obtained in
HEPES buffer (spectrophotometric study) { 11]. Nevertheless
the degradation rate at elevated temperature is comparable
with degradation of PIH in phosphate buffer saline, pH 7.5
at 37 °C [12]. Fig. 4 shows the representative chromatogram
of analyses of stressed samples.

The summary of kinetic characteristics of hydrolyses of PIH in aqueous media and two co-solvents

Medium Laboratory temperature Elevated temperature (40 °C)
Portion of decomposed PIH at k (min~ "y f2 (h) Portion of decomposed PIH at k(min~") ti2 (h)
the end of experiment (%) the end of experiment (%)
Phosphate buffer pH 2 44 0.001642 7.0 89 0.008890 1.30
Pure water pH 3.9 16 = = 87 0.008613 1,34
Phosphate buffer pH 7 10 0.000387 29.8 26 0001214 9.50
Phosphate buffer pH 9 49 0.00269 43 72 = =4
0.3% KOH 33 - - 60 -4 =
30% PEG-300 9 0.000307 37.6 18 0.000907 12.7
10% Cremophor EL 10 0.000389 29.8 15 0.000636 18.2

The rates of hydrolyses are expressed as both the percentage of PTH decomposed in the time of the experiments and the half-lives.
4 Due to the non-linearity of the plot log C vs. time, the & and 112 were not calculated.
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Fig. 4. The representative chromatograms of the samples stressed in the dif-
ferent media (40 “C) for 4 h. The samples were analyzed employing method
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3.2.1. The stability of PIH in the pharmaceutical
co-solvents

The stability of PIH was also defined in the selected
pharmaceutical co-solvents (10% Cremophor EL and 30%
PEG-300). Ten percent aqueous solution of Cremophor EL
has been already employed as a vehicle for PTH in the preclin-
ical studies [5,7,8]. PEG-300 was chosen as another suitable
pharmaceutical co-solvent. The experiment revealed the sim-
ilar pattern degradation of PIH in both co-solvents. 9 and 18%
of the initial amount of the substance decomposed in 30%
PEG-300along the course of this experiment performed at the
laboratory and elevated temperature, respectively. The corre-
lation coefficients obtained from the plots log C versus time
(r=0.995and 0.977) indicated the pseudo-first order reaction
rate at both temperatures. In the case of 10% Cremophor EL,
10% of the initial amount of the substance was decomposed
at the laboratory temperature and 15% at the clevated tem-
perature. The correlation coefficients for the laboratory and
higher temperature were calculated to be 0.968 and 0.987,
respectively. Furthermore, the rates of degradation of PIH
in both co-solvents were comparable with the degradation
rate of hydrolysis in neutral phosphate buffer. Fig. 5 shows
corresponding kinetic plots.

Therefore, it can be concluded, that the tested pharmaceu-
tical co-solvents had no distinct effect on the stability of the
chelator. No additional peak, which might indicate any differ-
ent degradation product, could be detected. Fig. 4 shows the
typical chromatograms of the analyses. Thus, the hydrolysis
was the most important decomposition mechanism for both
co-solvent solutions. Interestingly, a thiosemicarbazone iron
chelator Triapine was reported to be stable in the infusion for-
mulation (25 °C, pH 3-4) consisting of the co-solvents (PEG,
ethanol) and saline more than 8 h. Based on our experiments,
the aroylhydrazone chelator PIH seems to be less stable than
Triapine [14].

3.3. Oxidative stability

In 3% H;03, only 10 and 23% of the initial amount of
the chelator decomposed at laboratory and elevated temper-
ature, respectively. The concentrated (30%) H20> was used
to accelerate the potential oxidative process. While 13% of
the initial amount of PIH decomposed in the sample exposed
to the 30% H>0» for 4 h at laboratory temperature (25 °C),
60% decomposed at the same solution maintained at 40 °C.
The degradation of PIH in 3% H20; (both temperatures)
as well as in 30% H»0; (laboratory temperature) resembles
the results obtained in the experiments employing neutral
phosphate buffer. Interestingly, elevated temperature substan-
tially accelerated the degradation of the chelator especially in
30% H20,. However, no special peak of a putative oxidative
degradation product was detected in either chromatogram.
The results presented above suggest that PIH is more sen-
sitive to hydrolysis than to oxidation. The representative
chromatogram of analysis of sample exposed to hydrogen
peroxide is shown in Fig. 4.
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Fig. 5. The kinetic plois of hydrolyses of PIH in selected pharmaceutical co-solvents at laboratory (25 °C) and elevated (40 “C) temperature.

3.4. Photolytic and thermal stability

The solid substance of PIH-2HC] was stable when exposed
to UV and heat (wet and dry) for 33 h. However, the change
of the color of the substance (from yellow to slightly orange)
was observed at 3 h of exposition to wet heat. The change
could be most likely attributed to the formation of a hydrate
[4].

4. Conclusion

In this study, for the first time, HPLC analytical tech-
nique was employed for the stability evaluation of water-
soluble salt of PIH. The hydrolysis of this iron chelator
was studied in the aqueous solutions of different pH (from
2.0 to 12.0) and in the selected pharmaceutical co-solvents
(30% PEG-300 and 10% Cremophor EL) at both the labora-
tory (25 °C) and elevated temperature (40 °C). Furthermore,
the susceptibility of PIH-2HCI to decomposition under the
oxidative, photolytic, dry and wet heat conditions was stud-
ied. PIH was shown to be sensitive to the hydrolysis in
the aqueous media and the observed degradation should be
considered in further studies. Pyridoxal and isoniazid were
identified as main degradation products, whereas isonico-
tinic acid is only a minor one. The degradation behavior
of the chelator in hydrogen peroxide resembled that those
seen in the neutral phosphate buffer (with exception of 30%
H>0; at 40°C). No special oxidative product was detected.
The solid substance of PIH-2HCI was stable under the influ-
ence of other external conditions (UV, heat). Information
presented herein can be used for the definition of optimal han-
dling and storage conditions and use of the pharmaceutical
excipients.
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Komentar k ¢lanku

Tato prace se zabyva systematickym studiem vybranych aspektu stability
»,matetské latky* skupiny aroylhydrazonych chelatort zeleza - pyridoxal
isonikotinoyl hydrazonu pomoci HPLC.

Cilem této casti bylo:

1/ Definovat stabilitu PIH ve vodnych prostfedich o rizném pH pfi laboratorni
a zvysené teploté (40 °C).

2/ Studovat stabilitu PIH v prostiedi vybranych farmaceutickych pomocnych latek -
30% polyethylenglykolu (PEG-300) a 10% Cremoforu EL - pfi laboratorni a zvySené
teploté (40°C).

3/ Studovat citlivost PIH k rozkladu vlivem oxida¢niho ¢inidla (3 a 30% peroxid
vodiku)

4/ Ur¢it vliv UV zafeni a tepla na stabilitu pevné substance (PIH-2HCI)

Komentar a diskuze k vysledkim

Ackoliv nékteré vybrané aspekty stability PIH (jako baze) byly studovany jiz
dtive, vzdy pouze s vyuzitim spektrofotometrickych metod. Tato prace si oproti tomu
kladla za cil detailn¢ prostudovat stabilitu PIH-2HCl s vyuzitim selektivni
(chromatografické¢) metody. Ve vodé rozpustna sul byla pfipravené podle USA
patentu®”’.

Stabilita PIH v prostiedich fosfatovych pufrai o pH 2, 7 a 9, v 0,3 % roztoku
KOH (pH 12) a ve vlastnim vodném roztoku (pH 3,9) byla testovana v koncentraci
20 pg/ml. Hodnoceni bylo provadéno v ¢asovych intervalech 0, 15, 60, 120, 180
a240 min, kdy bylo odebirdno definované mnozstvi zatizeného vzorku, patficné
nafedéno a analyzovano pomoci HPLC. Stabilita PIH byla vyjadiena jako ubytek
koncentrace cheldtoru v zdvislosti na case. Pro porovnani rychlosti rozkladu
chelatoru v riznych prostiedich byla sestrojena zavislost log € na Case. Linearita této
zavislosti byla ovéfovana pouzitim metody linearni regrese a v piipade, ze jeji
prabeh byl linedrni, byl vypocitan polocas rozkladné reakce. Stejnym zplisobem byla

testovana i vyhodnocovana stabilita PIH v prostiedich 30% PEG-300 a 10%
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Cremophoru EL (coz odpovidd slozeni farmaceutické formulace wuzivané
v preklinickych experimentech).

Vysledky této studie ukazuji, ze PIH je pomémné citlivy k hydrolytickému
rozkladu, ktery probihd piedev§im v kyselych a alkalickych vodnych roztocich.
Nezanedbatelny rozklad byl vSak pozorovan 1 v neutrdlnim prostiedi, pfii
experimentech probihajicich pfi zvySené teploté (40 °C). Rychlost rozkladu chelatoru
1 rozkladné produkty detekované pii zatézi v piitomnosti vybranych farmaceutickych
pomocnych latek byly srovnatelné s rychlosti rozkladu a degrada¢nimi produkty
detekovanymi v neutralnim prostredi. Lze tedy ptredpokladat, Ze zkoumané pomocné
latky, které byly uzity jako soucéast farmaceutické formulace v preklinickych
farmakologickych a toxikologickych studiich, nemaji zdsadni vliv na stabilitu PTH.

Citlivost chelatoru k rozkladu vlivem oxida¢niho ¢inidla byla testovana za
pouziti 3 a 30 % Hy0,. Cilem tohoto experimentu bylo zjistit citlivost latky
k oxida¢nimu rozkladu a odhalit pfipadné dosud neznamé rozkladné produkty.
Vzhledem k tomu, Ze Vv zatizenych vzorcich nebyly detekovany kromé& pyridoxalu
a isoniazidu zadné dalsi oxidaéni degrada¢ni produkty, da se tedy piedpokladat, ze
PIH je vice citlivy hydrolyze nez k oxidaci.

Protoze molekula PIH obsahuje krom¢ hydrazonové vazby také dalsi potencialné
hydrolyticky senzitivni vazbu hydrazidovou, pozornost byla vénovana také moznosti
Stépeni molekuly PIH v tomto misté. Protoze dfive vyvinutd HPLC metoda (metoda
I) ani jeji modifikace neumoziovala separaci isoniazidu a kyseliny isonikotinové
(potencialniho rozkladného produktu Sté€peni hydrazidové vazby), byly izokratické
podminky této HPLC analyzy zménény na podminky gradientové. Gradientova
metoda (metoda II) pak byla pouZita pro analyzu nejvice zatiZenych vzorki.
Vysledky téchto analyz vSak nepotvrdily pfitomnost vétsiho mnozstvi kyseliny
isonikotinové v zatizenych vzorcich. Lze tedy predpokladat, ze hydrolyticky rozklad
PIH probiha ptredevsim Stépenim hydrazonové vazby.

Vliv UV zifeni a tepla (suchého a vlhkého) na stabilitu pevné substance byl
sledovan po dobu 33 hodin. Substance byla v tenké vrstvé rozlozena pod UV lampou
nebo exponovana suchym a vlhkym teplem (substance zvlh¢ena Aquou purificatou)
pii teploté¢ 80 °C. Stabilita chelatoru byla hodnocena analyzou zatizenych vzorkt
pomoci HPLC metody (metoda I). Tyto experimenty prokéazaly, ze PIH-2HCI je

stabilni vi¢i rozkladu UV zédfenim a teplem. V pfipadé expozice vlhkych teplem,
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byla pozorovana pouze zména barvy substance. Je tedy pravdépodobné, ze tak mohlo
dojit ke vzniku zbarveného hydratu.

Vysledky téchto experimenti by mohly najit uplatnéni v dalSich fazich
vyzkumu aroylhydrazoni (nap¥. pfi vybéru pomocnych latek, vyvoji lékové
formy nebo volbé vhodného aplika¢niho media nebo zpisobu zachazeni a

skladovani).
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An analytical methodology appropriate for the determination of the novel drug candi-
date salicylaldehyde isonicotinoyl hydrazone (SIH) in rabbit plasma has been develo-
ped and validated. Desirable chromatographic separation was achieved on a Cis
column employing a mixture of phosphate buffer (0.01 M NaH,PO, - 2 H,0 with 2 mM
EDTA, pH 6.0) and methanol (53:47; v/A) as the mobile phase. In order to develop a
suitable sample preparation procedure, different methods have been tested (solid-
phase extraction, liquid-liquid extraction, and protein precipitation). Protein precipita-
tion using 0.1 M HCIQ, and acetonitrile allowed the highest recoveries of the analyte
to be reproducibly attained. The analytical methodology developed in this study was
validated with respect to linearity (0.26—30.0 pg/mL), accuracy, precision, selectivity,
recovery, and stability. A concentration of 0.26 pg/mL was determined as the LLOQ.
The chromatographic method was applied to a preliminary plasma pharmacokinetic
study. This study has provided the first information about the concentrations of SIH in
plasma of a living subject. These results could have a significant impact on further
progress in the development of this promising compound.
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1 Introduction

Iron chelation represents the only effective therapeutic
approach for facilitating iron excretion and reducing the
iron burden and toxicity in patients suffering from heredi-
tary anaemia, such as p-thalassemia [1]. Moreover, iron
chelation seems to be a promising principle for the devel-
opment of novel therapeutics effective in a number of
other important indications. To date, biocompatible iron
chelators have been reported to demonstrate antioxida-
tive, antiproliferative, antimicrobial, cardioprotective, and
neuroprotective effects [2—6]. Despite these intriguing
results, the number of selective biocompatible iron chela-
tors is unfortunately quite low. Salicylaldehyde isonicoti-
noyl hydrazone (SIH, Fig. 1) is a novel effective iron che-
lator belonging to the group of pyridoxal isonicotinoyi
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aminetetraacetic acid disodium salt.
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Figure 1. Chemical structures of SIH and |.S. (pyridoxal 2-
chlorobenzoyl hydrazone).

hydrazone (PIH) analogues [7]. Nowadays, SIH is one of
the most intensively investigated iron chelators. It exhibits
surprisingly powerful antioxidative, antimalarial, antituber-
cular, and antiproliferative effects on the in vitro level and
the first in vivo studies have been already performed [8—
11]. Furthermore, preliminary experiments indicated good
tolerability and low toxicity of this chelator [12-13].

SlH s a crystalline substance (coloured from light to bright
yellow) which can be readily synthesized by Schiff-base
condensation from commercially available precursors ~
isoniazid and salicylaldehyde. Since SIH is poorly soluble
in aqueous media of neutral pH, a water-soluble salt
(SIH - HCI) has been prepared [14]. This study employs
SIH - HCI as a form with a more favourable profile from
the pharmaceutical point of view. SIH forms complexes
with free or loosely-bound iron preferentially in stoichio-
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metry 2:1. The pK, values (3.34; 8.29; and 9.8) of this che-
lator were determined using potentiometric titration [15].

The determination of a promising drug candidate in the
biological material plays a very important role already in
the early stages of a novel drug development. An accurate
and well defined analytical methodology allows descrip-
tion of the disposition of the drug in the organism. More-
over, it is an essential tool for the determination of basic
pharmacokinetic parameters, such as biological availabil-
ity, half-life of elimination, clearance, etc. Although SiH is
under intensive pharmacological investigation, to date no
analytical method appropriate for the determination of
either SIH or another PIH analogue in biclogical fiuids is
available. However, the development of a chromato-
graphic method for the evaluation of SIH has been
described in our previous study [14]. Plasma pharmacoki-
netics is considered to be the first and basic step for the
determination of the fate of a drug in the organism.

The aim of this study was to develop and validate a chro-
matographic methed for the determination of SIH in rabbit
plasma and apply this assay to an in vivo study.

2 Experimental

2.1 Chemicals and materials

SIH-HCI was prepared according to the procedure
described in our previous study [14]. The internal stan-
dard — pyridoxal 2-chlorobenzoy! hydrazone (0-108) -
was synthesized by condensation of pyridoxal with 2-
chlorobenzoyl hydrazone, as described previously [16].
The structure and purity of these compounds were con-
firmed by FTIR (Nicolet Impact 400 spectrophotometer),
'H and *C NMR spectra (Varian Mercury-Vx BB 300
instrument, operating at 300 MHz for 'H, 75 MHz for *C),
and HPLC methods [14].

Methanol, acetonitrile, phosphate buffer (NaH,.
PO, - 2H,0), EDTA, NaOH, and HCIO, were purchased
from Lachema (Czech Republic). Water was purified
using reverse osmosis.

Discovery SPE columns (DSC-18, DSC-18Lt, DSC-8,
DSC-Ph, DSC-CN) and vacuum SPE manifold were pur-
chased from Supelco (Germany). Chromabond® SPE
(C4) columns were purchased from Macherey-Nagel
(Germany). An LT-2 shaker and a Unimed centrifuge
(Czech Republic) were used in this study. Standard drug-
free rabbit plasma was obtained either from ZOO Service
Dvur Kralové (Czech Republic) or from the Faculty of
Medicine in Hradec Kralové (Czech Republic).

2.2 Chromatographic instrumentation and
conditions

A Spectra-Physics chromatographic system (Watrex,

Czech Republic) equipped with an isocratic pump (Costa-
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metric 3500), an automatic injector (AS 1000), and a UV/
VIS detector (UV 3000HR) was used in these experi-
ments. HPLC data were processed with the aid of Spec-
traSystem Software — PC 1000 version 3.0 (Thermo Sep-
aration Products, USA) working under the control of an
0OS/2 Warp operating system.

Desirable chromatographic separation was achieved on a
chromatographic column (250 x 4.6 mm) with LiChro-
spher® RP-18, 5 um as the stationary phase (Merck, Ger-
many) protected with a Purospher® RP-18, 5 pm guard
column (Merck, Germany). A mixture of methanol and
phosphate buffer (0.01 M NaH,PO,; pH 6.0 adjusted with
1 M NaOH) in a ratio 47:53 (v/A) was used as the mobile
phase. In order to prevent formation of complexes of the
chelator with the loosely bound iron in the chromato-
graphic system, EDTA was added to the aqueous part of
the mobile phase at a concentration of 2 mM. The flow
rate was 0.9 mL/min and the detector was set at 288 nm.

2.3 Preparation of stock solutions, spiking
solutions, calibration and quality control
samples (QC)

Stock solutions of SIH and 0-108 |.S. (4 mg/mL) were pre-
pared by dissolving appropriate amounts of the substance
in methanol. Spiking solutions of SIH (32-3600 ng/mL)
and internal standard (1200 pg/mL) were obtained by
appropriate dilution of the stock solutions with a mixture of
methanol/water (1:1, vA). Calibration samples and QC
samples were prepared by spiking the drug-free plasma
with SIH spiking solutions to obtain final concentrations
(0.26-30.0 pg/mL).

2.4 Sample preparation procedures tested in this
study

The effectiveness of isolation (recovery) of SIH from
plasma was evaluated using three different sample pre-
treatment techniques. For this purpose, the plasma sam-
ples were prepared as follows: 0.6 mL of drug-free plasma
were spiked with 5 uL of the SIH spiking solution to obtain
concentration of 10 pug/mL. TenpL of EDTA (10 mM)
were added to the sample. Thereafter, the samples were
treated employing the procedures described below. Each
sample pretreatment procedure was performed at least in
triplicate. The extraction recovery was determined by
comparing the peak area of SIH obtained by the direct
injection of appropriately diluted standard solution with
that obtained by the extraction procedure.

2.4.1 Solid-phase extraction (SPE)

SPE columns with different types of silica gel modified
RP-sorbents (DSC-18, DSC-18Lt, DSC-8, Chromabond”
C-4, DSC-Ph, DSC-CN) were tested. All columns were
conditioned with 1 mL of methanol followed by 1 mL of
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phosphate buffer (pH 7). The spiked plasma samples
were applied to the columns and slowly passed through
by applying vacuum. Interferences from plasma were
removed using 1 mL of phosphate buffer (pH 7). Finally,
1-2 mL of methanol or acetonitrile was used to elute SIH
from the columns. The effect of pH on the extraction was
studied by adding phosphate buffer of different pH to the
sample.

2.4.2 Precipitation

The spiked plasma samples were precipitated using
different volumes (0.6~1.8 mL) of methanol, acetonitrile,
or their mixture in different ratios. The effect of pH on the
precipitation was tested through the addition of a small
volume (10 pL) of acid (0.1 M HCI, 0.1 M HCIO,) or base
(0.1 M NaOH) either to the sample or to the precipitation
medium. All samples were mechanically vortexed and
centrifuged at 1500 x g for 5 min. The whole volume of
supernatant was transferred to a laboratory tube and
mixed with the appropriate volume of phosphate buffer
pH7(0.3-1.5mL).

2.4.3 Liquid-liquid extraction (L-L extraction)

SixmL of either ether or chloroform was employed to
extract SIH from plasma samples. The influence of differ-
ent pH was tested by the addition of a small amount of
phosphate buffer to the spiked plasma samples. The sam-
ples were vortexed for 10 min and centrifuged at 1500 x g
(5 min). The organic layer was harvested and dried under
a stream of nitrogen. Dry extract was reconstituted in
1 mL of mobile phase.

2.5 Validation procedure
2.5.1 Sample clean up for validation purposes

According to the results of the plasma pretreatment study,
the protein precipitation procedure (Section 2.4.2)
employing 10 pL of HCIO, followed by 900 uL of acetoni-
trile was selected for validation. After the addition of the
precipitation agent, the samples were mechanically vor-
texed and centrifuged at 1500 x g for 5 min. The entire
volume of supernatant was removed and diluted with
500 uL. of phosphate buffer {pH 7.0) before the HPLC
analysis.

2.5.2 Linearity and lower limit of quantification
(LLOQ)

The linearity of the method was evaluated by analysis of
the calibration samples prepared at six different concen-
trations of SIH (0.26—30.0 pg/mL). The calibration curve
was constructed by plotting the ratios of the peak areas
(SIH/1.S.) against the corresponding concentration. The
lower limit of quantification (LLOQ) was set as the concen-
tration where the analyte response of a spiked sample
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was five times higher than the response of a blank sample
and where the analyte response had a precision of 20%
and an accuracy of 80—120% [17).

2.5.3 Precision and accuracy

Intra- and inter-day precisions as well as the accuracy of
the method were tested by analyzing the QC samples at
three different concentrations of SIH (1.5, 15, and 30 pg/
mL). The precision determined at each concentration level
(except at LLOQ) should not exceed 15% of the coeffi-
cient of variation (CV). The mean value of accuracy
should be within 15% of the actual concentration (except
atLLOQ) [17].

2.5.4 Recovery

The recovery of the plasma pretreatment procedure was
studied at four different concentrations of QC samples
(0.26, 0.5, 10, and 30 ug/mL) and one concentration of
1.S. (10 pg/mL). At each concentration level, three QC
samples were prepared and analyzed in triplicate.

2.5.5 Selectivity

The selectivity of the method was studied using rabbit
plasma obtained from 6 healthy animals (ZOO Service
Dvur Kralové) and 4 drug-free plasma samples taken in
the in vivo study. Taken together, the selectivity was
assessed using plasma sampled from 10 healthy rabbits.

2.5.6 Stability

The stability of the stock and spiking solutions stored at
the laboratory temperature for 8 and 1 h, respectively, and
the stability of the samples placed in an autosampler (set
at 20°C) for 20 h was evaluated. These time intervals
were selected with respect to the time period for which the
solutions were allowed to stand under the conditions men-
tioned above. The stability of SIH in plasma in one freeze-
thaw cycle was tested using QC samples of three different
concentrations of SIH. The QC samples were frozen
immediately after preparation and stored at —80°C for8 h
(the longest period for which the samples were kept frozen
in the in vivo study). The samples were subsequently
thawed and treated instantly as described earlier. The
freeze-thaw stability was assessed as the ratio of SIH
determined in the frozen-thawed QC samples and those
samples analyzed immediately after preparation.

2.2.7 Invivostudy

Four Chinchilla male rabbits of an average weight of 4.0
+ 0.2 kg were used in this preliminary in vivo study. The
animals were housed under a 12-hour light cycle, con-
stant temperature and humidity. The animals had free
access to water and a standard laboratory pellet diet.
Twelve hours before the study access to the diet was
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restricted. The experiments were performed in accor-
dance with the “Guide for the care and use of laboratory
animals” (1996) and under the supervision of the Ethical
Committee of the Medical Faculty in Hradec Krélové.

The rabbits were anaesthetized with pentobarbital (Nem-
butal, 30 mg/kg, i.v.). The left carotid artery was prepared
and a PE-cannula was introduced through the artery into
the aorta to allow prompt sampling of blood. Due to the
limited solubility of SIH - HCI, the solution for intravenous
administration was designed using saline and pharma-
ceutically acceptable co-solvents PEG 300 and ethanol in
a ratio of 2:4:1 (v/iA). Salicylaldehyde isonicotinoy!
hydrazone was administered at a dose of 10 mg/kg (free
base) by a slow (3 min) intravenous injection through a
cannula (Neoflon) inserted into the marginal ear vein.
Blood sampling (1 mL) was performed five minutes before
drug administration (blank), during drug administration
(1%, 2™, and 3" minute), and subsequently in the selected
range (4-180 min). The volume loss was compensated
with sterile saline. The blood was harvested into heparin-
ised tubes (Vacuette) and centrifuged as soon as possible
(2000 x g, 5°C). Plasma was collected and frozen immedi-
ately (—80°C). All samples were analyzed within 8 h.

3 Results and discussion
3.1 Adaptation of chromatographic conditions

The chromatographic conditions developed previously for
the evaluation of the purity and stability of SIH and related
compounds were partially modified to be convenient for
determination of SIH in plasma samples [14]. Due to the
analogy in the chemical structure, chelating properties,
closeness in chromatographic behaviour as well as
expected similarity in precipitation recovery, pyridoxal 2-
chlorobenzoyl hydrazone was chosen as the optimal inter-
nal standard.

3.2 Optimization of the sample preparation
procedure

In order to develop the best sample preparation proce-
dure, the methods of SPE, liquid-liquid extraction, and
protein precipitation were tested. In non-overloaded indi-
viduals the amount of free iron in plasma is negligible.
Nevertheless, despite the chelating selectivity of SIH, a
certain (minor) amount of complexes with some biometals
in plasma (e.g. Zn?*) might be formed and these may inter-
fere with the reliability of the method. Therefore, EDTA
was added into the samples in excess to prevent forma-
tion of these complexes.

3.21 SPE

Because of the various advantages of SPE (e.g. simpli-
city, reproducibility, and ability to give relatively clean
samples), this technique was evaluated initially. In com-
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Table 1. The extraction recoveries of SIH at a concentration
of 10 pg/mL determined with different types of silica gel mod-
ified SPE columns.

Type of RP sorbent Mean recovery CV (%)
(%)= SD(n=3)
C18Lt 58.51+0.71 1.21
Cc18 62.50 + 1.41 2.34
cs 66.25+2.57 3.88
C4 69.67 + 3.06 4.39
CN 48.50+0.70 1.46
Phenyl 40.00 + 1.41 3.54

parison with methanol, acetonitrile ensured a more effec-
tive elution of SIH from all the columns. Table 1 shows the
percentages of analyte recovered employing SPE col-
umns of different sorbents (2 mL of acetonitrile were used
for the analyte elution). The highest, yet still insufficient,
recovery was reached with the C4 column (69%). Further
medification of the pH of the organic eluent or the plasma
did not enhance the effectiveness of extraction. The rather
low recovery of SPE might be caused by strong retention
of the analyte on the SPE sorbent. Since SPE under the
conditions tested in this study was not able to optimally
recover SIH from plasma, other sample preparation pro-
cedures were tested.

3.2.2 Protein precipitation

Plasma protein precipitation was investigated as another
sample pretreatment technique. Due to the chemical
characteristics of SIH (the sensitivity to degradation in
water solutions of both high and low pH and the ability to
form complexes with the multivalent ions), organic sol-
vents (methanol, acetonitrile, or their mixture) were
selected as a protein precipitation media of choice. The
highest recovery (80%) was obtained using acetonitrile;
however, the volume of this solvent had to exceed 3 times
the volume of precipitated plasma. Attempts to modify this
approach using a minor amount of an acid or a base
(0.1 M HCl or 0.1 NaOH) did not improve the recovery of
SIH. On the contrary, when 10 uL of HCIO, (0.1 M) was
added to the sample just before acetonitrile, the extraction
recovery reached 85% even though the total volume of
the precipitating agent was reduced to a half. Table 2
summarizes the data on the protein precipitation study.
Although optimal recovery of the analyte (95—100%) was
not achieved, protein precipitation led to reproducible and
consistent results with an acceptable recovery of SIH.

3.2.3 L-L extraction

In comparison with SPE or protein precipitation, L-L
extraction represents a less convenient sample prepara-
tion technique. Thus, this procedure was investigated
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Table 2. Absolute recoveries of SIH (10 pg/mL) reached employing different organic solvents as the precipitation agents.

Precipitation agent (PA) PA/plasma (v/v) Mean recovery [%] = SD (h = 6) CV[%}
ratio

Methanol 3 5842+ 272 4.63

Methanol/acetonitrile (1:1) 3 73.83+3.38 4.58

Acetonitrile 3 80.30+4.88 6.07

0.1 M HCIO./Acetonitrile 1.5 84.70+1.53 1.80

Table 3. Assessment of LLOQ of SIH in rabbit plasma.

Concentration added Concentrationfound | Accuracy
[ng/mL] [ng/mL] (%]
0.2649 0.2905 109.67
0.2978 112.34
0.2712 102.38
Mean 0.2865 108.15
SD 0.0137 5.1834
CV[%] 479 4.79

only partially with the principal aim of ascertaining whether
this approach could improve the recovery of SIH. There-
fore, only ether and chioroform were employed as organic
solvents with different pH values of the sample. Obtained
recoveries did not reach the values attained with either
SPE or precipitation (< 60%).

Due to the reproducible results and the highest recovery,
protein precipitation employing 10uL of HCIO, and
900 L of acetonitrile was selected as the optimal sample
treatment technique prior to HPLC analysis. This analyti-
cal methodology was validated for application in the in
vivo study.

3.3 Validation
3.3.1 Linearity and LLOQ

The linearity of the calibration curve was determined in a
range of 0.26-30.0 pg/mL. The following regression
equation was obtained: y=0.2898x + 0.0179 (R’=

0.9994). The limit of quantification was assessed to be
0.26 ug/mL (see Table 3).

3.3.2 Accuracy, precision, selectivity, and
absolute recovery

The intra- and inter-day precision and accuracy of the
method reached acceptable values (Table 4)[17]). The
selectivity of the method was assessed by the analysis of
plasma sampled from 10 healthy animals. Figure 2 com-
pares the chromatogram of an analyzed sample from the
in vivo study with the chromatogram of a blank plasma
sample. It is obvious that there were no interferences at
the retention time of either SIH or L.S.

The mean absolute recoveries of SIH and |.S. (at the con-
centration of 10 ug/mL) (n=6) were calculated to be
84.70 = 1.53% with CV = 1.80% and 89.33 = 4.64% with
CV = 5.2%, respectively. The mean recoveries of SIH at
concentrations of 0.5 and 30pg/mL (n=3) were
assessed to be 82.0:1.53% with CV=1.87% and
83.45 = 1.30% with CV = 1.56%, respectively. The mean
recovery {(n=3) at LLOQ was determined to be
83.75 = 3.53% with CV = 4.22%.

3.3.3 Stability

The stock and spiking solutions of SIH and |.S. were
stable in the tested period (8 and 1 h). The samples main-
tained in the autosampler were stable during the time of
observation (20 h). The experiment focused on the stabi-
lity of SIH in plasma after freeze-thaw procedure revealed

Table 4. intra- and inter-day precision and accuracy of the method.

Intraday (n=3)

Concentration added [ug/mL] Mean concentration found + SD Precision (CV%) Accuracy [%]
30 32.04:0.44 1.38 106.81

15 14.63+0.59 4.03 97.53
15 1.44 = 0.05 3.29 95.78
Intraday (n = 6)

Concentration added [ug/mL] Mean concentration found + SD Precision (CV%) Accuracy [%]
30 28.63:0.39 1.37 95.44

15 15.10:0.86 5.70 100.45
1.5 1.53:0.04 2.78 102.00
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Figure 2. Representative chromatograms of the analyses of the plasma samples taken before
T (blank) and 4 minutes after the i.v. administration of S|

H (10 mg/kg) to rabbits.

Table 5. Stability of SIH in plasma samples (n = 4) after freeze-thaw procedure.

Mean concentration of SIH Mean concentration of SIH

[ng/mL] + SD - instant analysis

after freeze-thaw procedure

[ng/mL] =+ SD Mean recovery [%] of SIH = SD; CV [%)]

after freeze-thaw procedure

28.83:1.35 24.96 + 0.82 86.57 + 2.84, 3.28
11.40:0.22 10.54 + 0.59 92.45+5.15;5.57
0.71:0.03 0.69:0.02 97.18+ 2.75;2.83
140
= 120
3
~ 100
c i
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g !
e 60 :
3 40 - Figure 3. SIH plasma concen-
g : tration-time profile (mean
O i + SEM) after i.v. administration
: of the chelator to rabbits (n = 4)
0 ¥ - * »> -+ at the dose of 10 mg/kg.
0 10 20 30 40 50 60 70
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adrop of the concentration of the chelator. The concentra-
tions of SIH determined in both QC samples treated
instantly after preparation and QC samples treated after
freeze-thaw procedure are shown in Table 5.

3.4 In vivo study

The analytical methodology developed in this study was
successfully applied to a preliminary in vivo experiment.
Representative chromatograms of the blank and sample
from this study are shown in Fig. 2. Plasma concentration-
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time profile of SIH after its i.v. administration (10 mg/kg) to
rabbits (n= 4) is shown in Fig. 3. A relatively quick distri-
bution and elimination of the drug were observed. There-
fore, the sensitivity of the analytical method allowed
examination of plasma concentrations only up to 60 min
after administration. Nevertheless, the method covers
approximately two orders of magnitude decrease in
plasma concentrations of the active compound. This
study has provided for the first time the real plasma con-
centrations of SIH in the living organism. However, more
sensitive detection might be desirable for the ultimate defi-
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nition of the fate of this drug in the organism. For this pur-
pose we have also tested the use the fluorescence detec-
tion in the same setting. Unfortunately, due to poor natural
fluorescence of SIH this approach did not distinctly
improve the sensitivity of the method. The structure of SIH
does not offer an ideal method of derivatization to obtain a
product with significant fluorescence. From this point, MS
or radic-detection appear to be convenient for a long-term
follow up with concentrations below 1 pM.

4 Concluding remarks

In this study, for the first time precise and accurate analyti-
cal methodology appropriate for the determination of SIH
in biological material is described. Moreover, the practical
applicability of this method was confirmed in an in vivo
experiment. An RP-HPLC method previously developed
for the purity and stability evaluation of SIH was modified
and employed in this study. Different sample preparation
techniques were investigated (SPE, L-L extraction, and
plasma protein precipitation) in order to develop the opti-
mal procedure for the isolation of SIH from rabbit plasma.
Since protein precipitation employing 0.1 M HCIO, and
acetonitrile was identified as the optimal technique, it was
used in the in vivo experiment. The whole analytical meth-
odology was validated with respect to linearity, precision,
accuracy, selectivity, recovery, and stability. This study
has revealed the first information about the concentra-
tions of SiH which could be expected in plasma after
administration of the chelator to the living organism. Thus,
it could be a considerable contribution to further progress
in the development of this compound.
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Komentar k ¢lanku

Tato prace se zabyva vyvejem a validaci HPLC metody, vhodné pro stanoveni
nového chelatori Zeleza, salicylaldehyd isonikotinoyl hydrazonu (SIH) v krali¢i
plasmé. Vyvinutd metodika je nasledné pouzita pro analyzu vzorkll ziskanych

zZ pilotniho farmakokinetického experimentu.

Cilem této casti bylo:

1/ Vyvinout HPLC metodu vhodnou pro stanoveni SIH v krali¢i plasmé
2/ Validovat vyvinutou metodiku pro tcéely farmakokinetického experimentu
3/ Aplikovat tuto metodiku do vlastniho stanoveni koncentraci SIH v plasmé

odebrané pokusnym zvifatim po i.v. aplikaci tohoto chelatoru

Komentar a diskuze k vysledkiim

Vzhledem Kktomu, Ze v dostupné literatuie nebyla popsana zadna
chromatografickd metoda zabyvajici se analyzou nékterého z aroylhydrazonovych
chelatort Zelaza v biologickém materialu, nemohly byt dosud stanoveny zakladni
farmakokinetické parametry téchto latek, jako dulezité charakteristiky novych
potencialnich 1é¢iv. SIH byl vybran jako prvni zastupce této skupiny, protoze
vykazoval vyznamné protektivni pisobeni proti oxida¢nimu stresu v podminkach in
vitro (H,0; poskozeni H9¢2 bunééné linie odvozené od potkanich kardiomyoblastt).
V soucasné dobé probiha hodnoceni jeho kardioprotektivnich G¢inku in vivo.

Pii vyvoji HPLC metody byly zédkladem chromatografické podminky vyvinuté
Vv ptedchozi praci pro hodnoceni Cistoty a stability této latky. Podminky separace
byly upraveny tak, aby pii analyze nedochazelo k interferenci piku chelatoru
S balastnimi latkami z plasmy ani s potencidlnimi metabolity (isoniazidem
a salicylaldehydem). Jako wvnitfni standard pro stanoveni byl vybran strukturné
podobny pyridoxal 2-chlorbenzoyl hydrazon (0-108), ktery vykazoval kromé
blizkého chromatografického chovani také podobné vytéznosti pfi izolaci z plasmy.
Jako optimalni metoda izolace SIH byla zvolena precipitace acetonitrilem
(s ptidavkem malého mnozstvi kyseliny), kterd umoziovala dosahnout nejvyssich

hodnot vytéznosti a poskytovala reprodukovatelné vysledky.
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Na zaklad¢ predbézného In Vvivo experimentu, bylo zjist€éno rozmezi
plasmatickych koncentraci, které je mozné piedpokladat po aplikaci SIH kralikim.
Na zéklad¢ téchto vysledka byl uréen koncentracni rozsah, ve kterém byla uvedena
metoda validovéna. Validacnimi parametry byly: selektivita, linearita, piesnost,
spravnost, vytéznost a stabilita vzorki.

Tato metoda byla nasledné pouzita pro analyzu vzorka plasmy ziskanych po i.v.
aplikaci STH-HCI kralikim (n=4) v davce 10 mg/kg. Aplikace chelatoru laboratornim
zvitatim a nasledny odbér a uchovavani vzorkd probihaly na Ustavu farmakologie,
Lékatské fakulty UK v Hradci Kralové. Vzhledem ktomu, Ze byl pozorovan
pomérné¢ rychly pokles plasmatickych koncentraci, bylo mozné monitorovat
koncentra¢ni profil SIH do 60 minuty po podéni. Za tuto dobu vSak poklesly
plasmatické koncentrace o dva fady a tak mohl byt tento pokus vyuzit pro vypocet
zakladnich farmakokinetickych parametrii tohoto chelatoru pomoci Kinetica

softwaru, verze 4 (Thermo Electron Corporation, Waltham, USA) Tabulka ¢. 3.

Parametr SIH 10 mg/kg i.v.
Cmax (pmol/I) 108,1 +£11,8

tmax (MinN) 2,25+0,25

V., (I/kg) 1,48 £0,08

Cliot (I/min.kg™) 0,067 + 0,013

AUC (umol/l.min™) | 705,5 + 146,4

tip (mln) 16,9+ 2,8

Tabulka ¢.3. Zakladni farmakokinetické parametry SIH vypocitané pomoci
nekompartmentové farmakokinetické analyzy

Cmax = maximalni stanovend koncentrace, tmax = cas ve kterém byla n mérena cmax, VZ =
zdanlivy distribucni objem, Clw = celkova clearence, AUC = plocha pod krivkou , t1 =

polocas eliminace.

rvr

Tato prace prinasi validovanou analytickou metodiku vhodnou pro
hodnoceni SIH v biologickém materialu - plasmé. Vysledky této studie maji
prakticky vyznam pro dalSi vyzkum tykajici se novych chelatort zeleza, protoze

prinasi prvni informace o plasmatickych koncentracich a zakladnich

farmakokinetickych parametrech aroylhydrazonového cheliatoru Zeleza.
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Abstract

A high performance liquid chromatographic method for the determination of a
biocompatible iron chelator, pyridoxal 2-chlorobenzoyl hydrazone (0-108), in rabbit
plasma was developed and validated. The separation was achieved on a C18 column
with the mobile phase composed of a mixture of 0.01 M phosphate buffer (pH 6)
with the addition of EDTA (2 mM), methanol and acetonitrile (42: 24: 14; viIviv).
The method was validated with respect to selectivity, linearity (0.8-150 pg/mL),
intra- and inter-day variability and stability. This method was successfully applied to
the analysis of the samples obtained from a pilot pharmacokinetic experiment, in

which the chelator was administered intravenously to rabbits.

Keywords: pyridoxal 2-chlorobenzoyl hydrazone, 0-108, iron chelator, HPLC,
pharmacokinetics

1. Introduction

Iron chelation therapy represents the only effective principle of how to reduce
iron burden in patients suffering from chronic iron overload [1]. Furthermore, recent
information strongly suggests that free iron plays an important role in a number of
human pathologies [2]. Thus, the principle of selective iron chelation represents a
unique approach for a novel drug development. To date, iron chelators have been
reported to demonstrate  antioxidative, antiproliferative, antimicrobial,
cardioprotective and neuroprotective effects [3-9].

Pyridoxal 2-chlorobenzoyl hydrazone (Fig 1.) is a selective iron chelator
belonging to the group of pyridoxal isonicotinoyl hydrazone (PIH) analogues. Ortho-
108 is a yellowish, crystalline substance which can be readily prepared by Schiff-
base condensation from pyridoxal and 2-chlorobenzoic hydrazide [10]. Since this
chelator is more liphophilic than its lead compound (PIH), it can reach the
intracellular targets more effectively. Furthermore, 0-108 is more effective in the
mobilization of iron from reticulocytes and K506 cells [11, 12]. Ortho-halogenated
analogues of PIH were shown to be less toxic than the meta and para substituted ones
[12]. A recent study has shown good tolerability and safety of 0-108 after weekly
repeated administration to rabbits [13]. Oral and intraperitoneal administration of o-
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108 has induced significantly dose-dependent cumulative excretion of radiolabelled
iron in a model of the iron-overloaded rat [14].

Figure 1. The chemical structures of 0-108 and the internal standard (PIH).

Although 0-108 seems to have promising pharmacodynamic properties, there is
no precise and selective analytical method suitable for the determination of 0-108 or
another pyridoxal benzoyl hydrazone derivative in biological material. From that
point, it is clear why bioavailability, half-life of elimination and other basic
pharmacokinetic parameters of these compounds remain undetermined. While nearly
hundreds of aroylhydrazones have been synthesized and successfully tested for
biological activity, there is only our recent analytical contribution which reports
about the development of a HPLC technique suitable for the determination of a
structurally related agent - salicylaldehyde isonicotinoyl hydrazone (SIH) in plasma
[15]. However, chromatographic conditions for the analysis of purity and stability of
0-108 have already been developed in our previously reported paper [16].

The aim of this study was to develop and validate a chromatographic method for
the determination of 0-108 in rabbit plasma and to employ this method in a pilot

pharmacokinetic experiment.

2. Experimental
2.1. Materials

Pyridoxal 2-chlorobenzoyl hydrazone (0-108) and PIH were prepared according
to the procedures described in our previous study [14]. The structure and purity of
these compounds were confirmed by FTIR (a Nicolet Impact 400 spectrophotometer,
Thermo, Madison, USA), 'H and *C NMR (a Varian Mercury-Vx BB 300
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instrument, Palo Alto, USA, operating at 300 MHz for *H, 75 MHz for **C) and
HPLC methods [14]. Methanol, acetonitrile, phosphate buffer (NaH,PO4-2H,0),
EDTA, and phosphoric acid were purchased from Lachema (Brno, Czech Republic).
Water was purified employing reverse osmosis. SPE tubes - Discovery® DSC-C8 1
mL/100 mg and a vacuum SPE manifold were obtained from Sigma Aldrich
(Munich, Germany). Drug-free rabbit plasma was obtained either from the ZOO
Servis — (Dvur Kralove, Czech Republic) or from the Faculty of Medicine in Hradec

Kralove (Hradec Kralove, Czech Republic).

2.2. Chromatographic system and conditions

The chromatographic system LC 20A (Shimadzu, Duisburg, Germany) consisted
of a DGU-20A3 degasser, LC-20 AD pumps, a SIL-20 AC autosampler, a CTO-
20AC column oven, a SPD-20AC UV/VIS detector, and a CBM-20AC
communication module was used in this study. The separation was achieved on a
analytical chromatographic column 250 x 4.6 (LiChrospher 100, RP-18, 5 um)
protected with a guard column (Purospher RP-18, 5 um) purchased from Merck
(Darmstadt, Germany). The column oven was set at 25 °C. The mixture of a
phosphate buffer (0.01 M NaH,PO,4 with addition of EDTA in a concentration of 2
mM, pH 6.0 - adjusted with the use of phosphoric acid), methanol and acetonitrile in
a ratio 42:24:14 (v/viv) was employed as a mobile phase. The flow rate 1.0 mL/min
was used for the analyses. The detection was performed at 288 nm, the injection
volume was 100 pl and the samples in the autosampler were kept at 15 °C. The
chromatographic data were processed employing the LC-solution software, version
2.21 SP1 (Schimadzu, Duisburg, Germany).

2.3 Preparation of the stock and spiking solutions

The stock solutions of 0-108 and 1.S. (9 mg/mL and 4 mg/mL, respectively) were
prepared by dissolving an appropriate amount of the substance in methanol. The
spiking solutions of 0-108 (9.0-0.048 mg/mL) and I.S. (2.5 mg/mL) were obtained by
appropriate dilution of the stock solution with methanol. These solutions were used
to prepare the calibration and QC samples. The stock and spiking solutions were
stored at 4 °C for 3 days.
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2.4. Calibration and QC samples preparation

The calibration samples were prepared by addition of 10 pl of appropriate
spiking solutions to 600 pL of drug-free plasma to get nine different samples. Each
sample contained 0-108 in a defined concentration (150-0.8 ug/mL) and LS. in a
concentration of 40 pg/mL. Before SPE extraction, 10 pl of 10 mM EDTA were
added into each sample. The same procedure was used to obtain QC samples. These

samples were used for the validation procedure and stability testing proposes.

2.5. Sample preparation and solid-phase extraction procedure

The SPE tubes (C8) were conditioned using 1 mL of methanol, followed by 1 mL
of phosphate buffer (pH 7). The plasma samples (calibration, QC and in vivo study
samples) were added into the SPE tube and passed through using vacuum with
suction of 5 mmHg. The column was further washed using 1 mL of phosphate buffer
(0.01 M NaH,PO, with addition of EDTA in a concentration of 2 mM, pH 6.0).
Finally, the analytes were eluted using 0.7 mL of methanol. Before HPLC analysis,
the samples were diluted using 0.7 mL of phosphate buffer (0.01 M NaH,PO, with 2
mM EDTA, pH 6.0).

2.6 Method validation
2.6.1. Selectivity

Selectivity of the method was assessed by analyses of blank plasma samples
obtained from eight rabbits.

2.6.2. Linearity

The linearity of the method was evaluated using calibration samples of nine
different concentrations of 0-108 (150, 105, 83, 40, 33, 17, 4, 1 and 0.8 pg/mL) and
one concentration of I.S. (40 pg/mL). The calibration curves were constructed by
plotting the peak area ratios (0-108/1.S.) to the corresponding concentrations of o-
108. The accuracy of the calibration curves was tested by a comparison of the back-

calculated concentrations and the nominal concentrations for all calibration levels.

2.6.3. Precision, accuracy and the lower limit of quantification (LLOQ)
The QC samples of five different concentrations (150, 83, 29, 1.2 and 0.8 pg/mL)
were prepared and analyzed according to the procedures described in sections 2.4
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and 2.5. The precision (R.S.D.) and accuracy (percentage of recovery) of these
analyses were calculated to obtained intra-day variation. The inter-day variation was
calculated from the results of the analyses of the QC samples performed at three
different days. LLOQ was determined as the concentration which can be evaluated
with the precision and accuracy of at least 20 % and 80-120 %, respectively.
Furthermore, the analyte response at this level should be at least five-times higher

than the response of the blank sample [17].

2.6.4. Recovery of the extraction procedure

The recovery of the extraction procedure was evaluated using the QC samples at
three different concentrations of 0-108 (150, 40 and 0.8 pg/mL) and one
concentration of I.S. (40 pug/mL). The recovery was calculated by comparing the

peak areas of extracted samples and peak areas of unextracted standards.

2.6.5. Stability

The stability of the stock and spiking solutions stored at 4 °C for 3 days was
tested. The stability of the samples kept in the autosampler (15 °C) for 24 hours was
assessed as well. The stability of the chelator in plasma (both freeze-thaw stability
and the long-term stability) was tested using the QC samples (h = 30) of three
different concentrations of 0-108 (150, 40 and 1 pg/mL). These QC samples were
prepared (section 2.4.) and frozen immediately (-80 °C). After 1 hour, a half of these
samples (five per each concentration) were thawed at room temperature and treated
immediately. The rest of the samples were stored at -80 °C for 30 days. After this
time period, the samples were thawed at room temperature and analyzed instantly.
The stability of the chelator in plasma was expressed as the difference between the
concentrations of 0-108 determined in the QC samples analyzed immediately after
preparation and the QC samples analyzed after the stability procedure. The
conditions used in the stability study have reflected the situations encountered during

the real samples handling, storage, and preparation.

2.7. Pharmacokinetic experiment
The Chinchilla male rabbits (n=5) weighing 3.5-4.5 kg were used in this pilot
pharmacokinetic study. The animals were housed under a 12-h light cycle, constant

temperature and humidity. The animals had free access to water and a standard
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laboratory pellet diet. The animals were fasted overnight before entering the
pharmacokinetic study. The experiments were performed in accordance with the
“Guide for the care and use of laboratory animals* (1996) and were approved by The
Ethical Committee of the Medical Faculty in Hradec Kralové.

The rabbits were anaesthetized with pentobarbital (Nembutal, 30 mg/kg, i.v.).
The left carotid artery was prepared and a PE-cannula was introduced through the
artery to the aorta to allow prompt sampling of blood. Due to the limited solubility o-
108, the solution for intravenous administration was designed using saline and
pharmaceutically acceptable co-solvents PEG 300 and ethanol in a ratio of 5:4:1
(v/vIv). The chelator 0-108 was administered at a dose of 10 mg/kg by a slow (3 min)
intravenous injection through a cannula (Neoflon) inserted into the marginal ear vein.
Blood sampling (1.5 mL) was performed five minutes before drug administration
(blank), during drug administration (1%, 2" and 3 minute), and subsequently in the
selected intervals (through a range of 4-210 minutes). The volume loss was
compensated with sterile saline. The blood was harvested into heparinised tubes
(Vacuette) and centrifuged as soon as possible (2000 x g). Plasma has been collected
and frozen immediately (-80°C). The non-compartmental pharmacokinetic analysis
was performed using Kinetica software, version 4 (Thermo Electron Corporation,
Waltham, USA).

3. Results and Discussion
3.1. Method development

The chromatographic separation previously developed for the determination of
purity of 0-108 was modified to be suitable for analyses of this chelator in plasma.
Due to the similarity in the chemical structure and anticipated closeness in the
extraction recovery, PIH was chosen as the internal standard. The composition of the
mobile phase was changed in order to reach a sufficient separation of 0-108 and I.S.
in an acceptable run-time and without interferences with possible metabolites of the
chelator (pyridoxal and 2-chlorobenzoyl hydrazone).

Different SPE conditions were tested to reach an acceptable and reproducible
recovery of both 0-108 and I.S. At the beginning of the experiment, the effectiveness
of the isolation procedure on different SPE columns (C18, C8 and Phenyl) was

investigated. Since the highest recovery was reached on a C8 column, this sorbent
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was chosen for further sample clean up procedure optimization. The addition of a
small amount of EDTA into the phosphate buffer (used to wash the SPE column)
improved the recovery of both 0-108 and 1.S. Two different organic solvents
(methanol, acetonitrile or their mixture) were tested to remove the analytes from the
SPE columns. In comparison with acetonitrile, methanol gave higher recoveries of

both compounds.

3.2 Method validation
3.2.1. Selectivity
The chromatogram of the blank plasma sample is shown in Figure 2. No

interferences were detected at the retention times of either 0-108 or I.S.

3.2.2. Linearity

The relationship between the peak area ratios (0-108/1.S.) and appropriate
concentrations was linear over the tested range (0.8-150 pg/mL). The typical
equation of the calibration curve (n = 3) was: y = 0.0362x + 0.007. The correlation
coefficient () of all calibration curves was >0.999. The back calculated
concentrations for all concentration levels are shown in the Table 1. The
representative chromatogram of the sample spiked with 0-108 and I.S. is shown in

Figure 2.

Theoretical
concentration 150.0 | 105.0 | 83.3 | 40.0 | 333 | 170 | 417 | 1.0 0.8

(ng/ml)

Back-calculated
concentration | 146.40 | 107.56 | 82.22 | 39.64 | 32.78 | 16.58 | 3.96 | 0.90 | 0.72

(ng/ml)

Back-calculated
concentration %

97.60 | 97.62 |98.70|99.10 | 98.45 | 97.51 | 94.90 | 90.13 | 90.45

Table 1. Summary of the back-calculated concentrations of the calibration curves
for 0-108.
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3.2.3. Precision, accuracy and the lower limit of quantification, extraction

recovery

The intra- and inter-day precision and accuracy through the concentration range

of the QC samples are shown in Tables 2 and 3. The lower limit of quantification

was determined to be 0.8 pg/mL. The precision and accuracy of the assay at LLQO

are presented in Tables 2 and 3. The results of the validation procedure indicated a

satisfying intra- and inter-day variation of the assay according to the given

recommendation [17]. The recovery of the SPE procedure is shown in Table 4.

Although the extraction recovery was not totally complete, it was consistent, precise
and reproducible, which is in line with the FDA Guideline [16].

Intra-day

Concentration ;%Tl??tra/trlr?g) Precision Accuracy 0
added (ng/mL) | g HE (R.S.D.%) | (%)

150.0 152.05 + 1.90 1.25 101,37 |5
83.3 80.63 + 1.51 1.87 96.79 5
29.0 28.30+0.17 0.60 98.59 5
1.2 1.275+0.56 4.39 106.31 |5
0.8064 0.8924 +£0.0174 |1.95 110.67 5

Table 2. The intra-day precision and accuracy of the assay.

Inter-day

Concentration g)i?l??tra};gg) Precision Accuracy N
added (ng/mL) | ¢’ HE (R.S.D.%) (%)

150.0 150.56 £2.76 |1.84 100.38 |15
83.3 81.86+4.38 |5.36 98.28 15
29.0 28.35+0.457 |1.61 98.31 15
1.2 1.2618 = 0.056 | 4.43 105.15 |15
0.8064 0.8969 + 0.078 |8.71 113.74 15

Table 3. Inter-day precision and accuracy of the assay.
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Extraction recovery
Concentration | Recovery(%)
Analyte added (ug/mL) | £ S.D. RSD(%) |n
0-108 150.0 86.30 +3.18 |3.68 3
29.0 83.89+1.35 |1.61 3
0.8064 83.19+2.45 |2.95 3
I.S. 40 78.80 +2.46 |3.13 6

Table 4. The effectiveness of the SPE procedure for isolation of 0-108 from rabbit

plasma.

3.2.4. Stability

The stock and spiking solutions were stable under the stored conditions. The

samples maintained in the autosampler at 15 °C were stable during the time of the

study (24 h). The results of the freeze-thaw and long term stability study are shown

in Table 5. These results indicated that the stability of the chelator was within an

acceptable range (= 15 % deviation from the nominal concentration of the analyte)

[17].

Stability after freeze-thaw procedure

Concentration added (ug/mL) Percentage remaining | R.S.D.(%) | n
150.0 98.28 4.49 3
40.0 94.63 1.15 3
1.0 96.16 8.56 3
Long-term stability

Concentration added (ug/mL) Percentage remaining | R.S.D.(%) | n
150.0 91.08 0.72 3
40.0 94.90 0.71 3
1.0 94.94 5.30 3

Table 5. The stability of 0-108 in plasma after one freeze-thaw cycle

and after

storage at -80 °C for 30 days. The results are expressed as % of the concentration

remaining at the end of the stability study.

119



Experimentalni ¢ast J. Chromatogr. B.- v tisku (piijato k publikaci 18.4 2006).

290000 2900007
A D | 0-108
|
240000 240000 | h‘
1.S. |
I.S. [ |
160000 | 190000 - ’\ \
\‘ | |
140000 \‘ 0-108 140000 1 \ ~
i | i
{
90000 | | 90000 - ~ | \
| |
[ i .
40000 ) \ 40000 - ‘ .
| | \
\
-10000 2 4 6 8 10 12 14 16 18 20| 00075 PR 8 10 12 14 16 18 20
290000 290000 |
B E
240000 240000 -
1.S.
190000 190000 ﬂ 0-108
)
\ i
140000 140000 JI |
|
90000 90000 | | '
|
| A
40000 40000 | ] \ |
\ I I \
-10000 2 4 s 8 10 12 14 16 18 20 | 10000 j 2 4 6 8 10 12 14 16 18 20
290000 290000
C F
240000 240000 -
.S .S
I}
190000 190000 - ‘
‘ I
140000 ' 140000 | '\
|
i \
90000 H 90000 1 { \
|
|
40000 { 40000 4 {\ J ‘L 0-108
\
N ] i
ed L J ] N
-10000 2 4 6 8 0 12 14 16 18 20| 10007 2 4 6 8 0 12 14 16 18 20

Figure 2. The chromatograms of extracted plasma samples.

A - Spiked samples (40 ug/mL both 0-108 and 1.S). B - Blank sample C - Spiked
sample (40 ug/mL of 1.S.) D - Sample taken in the 3™ min of the pharmacokinetic
experiment (C max= 101 ug/mL). E- Sample taken in the 5™ min of the
pharmacokinetic experiment (45 ug/mL). F- Sample taken in the 60" min of the in vivo

experiment (3 ug/mL).
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3.2.5. Pharmacokinetic experiment

In a pilot pharmacokinetic experiment, the plasma concentration-time profile of

the novel iron chelator 0-108 after intravenous administration was determined. After

injection of the chelator in a dose of 10 mg/kg bw, the following concentration-time

profile was obtained (Fig. 3). Relatively fast distribution and elimination were

observed. The maximal plasma concentrations of 0-108 on the molar base were

surprisingly higher than those previously obtained for its analogue SIH [16]. The

basic pharmacokinetic parameters of 0-108 obtained through the non-compartmental

pharmacokinetic analysis are shown in Table 6. The representative chromatograms of

the plasma samples taken in the different time period of the pharmacokinetic

experiment are shown in the Figure 2.

Parameter 0-108 10 mg/kg i.v.
Crmax (mol/L) 236.2 +35.8
tmax (MinN) 24+04
V, (L/kg) 0.352£0.028
Clit (L/min.kg™) 0.0092 + 0.0009
AUC (umol/L.min™) 3598 + 454.3
t12 (Min) 27.7+2.98

Table 6. The basic pharmacokinetic parameters of 0-108 after i.v.

administration to rabbits (n = 5), obtained through non-compartmental

pharmacokinetic analysis.

Cmax = Maximal concentration determined in the study, tyax = time in which
Cmax Was determied, V, = apparent volume of distribution, Cl,; = total

clearence, AUC = area under curve of concentration-time profile, ti,=

elimination half-life.
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Figure 3. The plasma concentration-time profile (mean + SEM) after i.v.

administration of the chelator (0-108, 10 mg/kg.) to rabbits (n = 5).

4. Conclusion

In this study, for the first time a simple, precise and accurate HPLC method
suitable for the determination of 0-108 in plasma was developed. Prior to HPLC
analysis, the SPE procedure was used to effectively isolate the chelator from rabbit
plasma. The developed analytical methodology was validated with respect to
selectivity, linearity, precision, accuracy, and stability. All validation parameters
were within acceptable limits and in line with the guidelines. The applicability of the
method was confirmed by the analysis of the plasma sample obtained from a
pharmacokinetic experiment. LLOQ of the method allowed to follow a
concentration-time profile up to the120th min after i.v. administration of the chelator
to rabbits. This study provides the first information about the plasma concentration-
time profile and basic pharmacokinetic parameters of the novel aroylhydrazone
chelator 0-108.
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Komentar k ¢lanku

Toto prace je zaméfena na vyvoj a validaci HPLC metody vhodné pro
stanoveni aroylhydrazonového chelatoru zeleza - pyridoxal 2-chlorbenzoyl
hydrazonu (0-108) v krali¢i plasmé. Metoda byla nasledné vyuzita V pilotnim

farmakokinetickém experimentu.

Cilem této casti bylo:

1/ Vyvinout HPLC metodu vhodnou pro stanoveni 0-108 v krali¢i plasmé
2/ Validovat vyvinutou metodiku podle platnych doporuceni pro bioanalytické studie
3/ Aplikovat metodu do analyzy vzorkt ziskanych pilotnim farmakokinetickym

experimentem

Komentar a diskuze k vysledkiim

Pti vyvoji chromatografickych podminek pro analyzu 0-108 v kréli¢i plasmé byla
upravena HPLC metoda dfive vyvinuta pro hodnoceni Cistoty a stability této latky.
Podminky separace byly upraveny tak, aby pik 0-108 ani vnitiniho standardu
neinterferoval s balastnimi latkami z plasmy ani s piky potencialnich metabolitt
(pyridoxalu a 2-chlorbenzoyl hydrazidu). Pro svoji strukturni podobnost k analytu
byl jako vnitini standard pro stanoveni vybran pyridoxal isonikotinoyl hydrazon
(PTH). Pro izolaci chelatoru z plasmy byla vyvinuta metoda SPE s pouzitim C8
extrakénich kolonek. Vzhledem ktomu, ze nebyly zndmy Zzadné informace
0 plasmatickych koncentracich, které mohou byt dosazeny po aplikaci tohoto
chelatoru zviratim, bylo nejprve nutné provést orientacni in vivo experiment, ktery
umoznil  odhadnout  rozsah  plasmatickych  koncentraci  ocekavatelny
v farmakokinetické studii. Na zakladé jeho vysledkli pak byla provedena findlni
validace metody v koncentratnim rozmezi potiebném pro  provedeni
farmakokinetického studie. Jako valida¢ni parametry byly testovany selektivita,
linearita, presnost, spravnost, vytéznost a stabilita vzorkd.

Farmakokineticky experiment byl proveden na Ustavu farmakologie, Lékaiské
fakulty UK v Hradci Kralové. Uvedeny chelator byl ve form¢ pomalé (3 minutové)

I.v. injekce aplikovan kralikim (n=5) v davce 10 mg/kg. V rlznych casovych
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intervalech byly odebirany vzorky krve, zpracovavany na plasmu a analyzovany
pomoci vyvinut¢ HPLC metody. Kvantitativni limit této metody umoznoval
monitorovat plasmatické koncentrace do 120 minuty po podani chelatoru do
organismu. Béhem této doby doslo k poklesu plasmatickych koncentraci o vice jak
dva tady. Farmakokinetické parametry 0-108 vypocteny pomoci nekompartmentové
analyzy jsou uvedeny v pfilozené publikaci.

Vysledkem této studie je validovana HPLC metoda, vhodna pro stanoveni
o profilu plasmatickych koncentraci a zakladnich farmakokinetickych
parametrech nového chelitoru Zeleza vyuzitelné v dalSim vyzkumu tykajicim se

aroylhydrazonovych chelatorii Zeleza jako potencialnich l1éciv.
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Abstract

Glimepiride is a modern hypoglycaemic agent, which belongs to the group of sulfonylurea derivates. In this paper, simple, specific and
accurate RP-HPLC method was developed in order to study decomposition of glimepiride under the hydrolytic stress conditions (acid, ncutral,
alkaline and oxidative). The best separation of glimepiride and its degradation products was achieved on reverse phasc Cy3 column. The mobile
phase was composed of acetonitrile—phosphate buffer (pH 3.5, 0.03 M) (48:52, v/v). Employing RP-HPLC method, five main degradation
products were detected in the exposed samples. It was found that the susceptibility of glimepiride to hydrolytic decomposition increased in
following manner: neutral condition < alkaline condition < acid condition < oxidative condition.

© 2004 Elsevier B.V. All rights reserved.

Keywords: Glimepiride; HPLC; Hydrolysis; Stability

1. Introduction

Glimepiride (1-[[p-[2-(3-ethyl-4-methyl-2-0x0-3-pyrro-
line-1-carboxamido) ethyl] phenyl] sulfonyl]-3-(trans-4-
methylcyclohexyl) urea (Fig. 1) is a modern oral hypogly-
cacmic agent, which belongs to the group of sulfonylurea
derivates.

These drugs are used for the treatment of non-insulin
dependent diabetes mellitus (NIDDM) in order to achieve
appropriate control of blood glucose level. Although
glimepiride shares the principal mechanism of action with
other drugs of this class (the stimulation of insulin secretion
from pancreatic B-cells), it has several clinical benefits [1,2].

In order to achieve high level of safety and effectiveness
of pharmacotherapy, the regulatory authorities escalate the
requirements on quality of pharmaceutical products. The in-
vestigation of stability of drugs represents an important issue
in drug quality evaluation. Many environmental conditions
such as heat, light, moisture as well as the chemical sus-

* Corresponding author, Tel.: +420 4 9506 7236;
fax: 4420 4 9551 2423.
E-mail address: kovarikova@faf.cuni.cz (P, Kovafikova).

0731-7085/8 — see front matter © 2004 Elsevier B.V. All rights reserved.

doi:10.1016/}.jpba.2004.05.005

ceptibility of substances to hydrolysis or oxidation can play
extremely serious role in pharmaceutical stability [3,4].

A stress testing of drug substance can help to identify the
likely degradation products and to provide important infor-
mation on drug’s inherent stability. Consecutively, it can be
a fundamental contribution to development and validation
of stability indicating analytical method used in monitoring
of quality of pharmaceutical products. [5]. Independent of
the final dosage form, forced drug degradation by exposure
of drug solution to acid, alkaline or oxidative conditions is
useful to predict the potential hydrolytic degradation prod-
ucts. Hydrolysis (during wide range of pH) is one of the
most common degradation chemical reactions. Since water,
either as a solvent or in the form of the potential moisture in
the air, contacts most pharmaceutical dosage forms to some
degree; the potential for this degradation pathway exists for
most drugs and excipients [6].

Several analytical methods for determination of glimepiride
have been reported in literature: determination of glimepiride
in human plasma by liquid chromatography—electrospray
ionization tandem mass spectrometry [7], HPLC anal-
ysis of glimepiride in human serum and urine after
pre-column derivatization [8], liquid chromatography-mass
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Fig. 1. Chemical structure of glimepiride.

spectrometry analysis in human plasma [9] and UV anal-
ysis of glimepiride in pharmaceutical preparation [10]. No
HPLC stability indicating analytical method has been de-
scribed in literature to the date. Any systematic study about
the behaviour of glimepiride under the stress conditions,
e.g. hydrolytic, is not available. Only short note about the
influence of acid and alkali on glimepiride was published in
addition to the UV analysis of this substance [10]. No data
about the degradation kinetics as well as the chemical struc-
tures of potential degradation products have been found yet.

The aim of this paper was to study hydrolytic stability of
glimepiride and to develop RP-HPLC analytical method for
determination of glimepiride in the presence of its hydrolytic
degradation products. The novelty of this work is based on
the description of new analytical method, which is suitable
for monitoring the purity of drug substance. Moreover, the
conclusions can be helpful in effort to assure the quality,
safety and effectiveness of pharmacotherapy.

2. Experimental
2.1. Chemicals and reagents

Glimepiride was kindly provided by The Research Insti-
tute for Pharmacy and Biochemistry (Czech Republic). Ace-
tonitrile and methanol (both HPLC-grade) were obtained
from Merck (Germany). Ammonium formate, formic acid,
hydrogen peroxide, hydrochloric acid, sodium hydroxide,
sodium phosphate dibasic, phosphoric acid were provided
by Fluka Chemica (Switzerland). Ultra-pure water was ob-
tained from Milli-Q system.

2.2. Instruments and chromatographic conditions

Pierce Reacting-thermo Stirring/Heating module constant
temperature bath (Germany) was used for the stress testing.
The HPLC chromatographic system Spectra-Physics (Ger-
many), which consisted of a gradient pump (P 400), vac-
uum membrane degasser, automatic injector (AS 3000) and
UV/VIS detector (SN 4000), was used for the analysis. The
HPLC data were processed with PC 1000 Software. An ap-
propriate separation was achieved on a LiChroCART column
(250 x 4.6 mm i.d.) with Purospher (RP-18¢, 5um) as a
stationary phase (Merck, Germany). Detection was per-
formed at 228 nm. The mobile phase was composed of
acetonitrile-phosphate buffer (pH 3.5; 0.03 M) (48:52, v/v).
The flow rate was 1 ml/min.

2.3. Stability study

2.3.1. Standard curve

The stock solution (500 pg/ml) was prepared by dissolv-
ing an appropriate amount of solid substance of glimepiride
in methanol. The calibration curve was made using five
standard solutions of different concentrations (20, 50, 100,
200 and 300 pg/ml). The standard solutions were pre-
pared by diluting an appropriate volume of stock solution
with methanol. Each solution was analysed in triplicate.
The peak area values were plotted against the correspond-
ing analyte concentrations to obtain the linear calibra-
tion.

2.3.2. Precision and accuracy

Six injections of one concentration of glimepiride
(200 pg/ml) were analysed on the same day. The value of
relative standard deviation of this assay was calculated to
determine intra-day precision. This analysis was also re-
peated next day in order to evaluate inter-day precision.
Accuracy was evaluated as a percentage of recovery ob-
tained from analysis of samples spiked with known amount
of glimepiride (30, 80 and 120 pg/ml).

2.3.3. Determination of stability

The forced degradation of glimepiride was carried out un-
der the condition of acid, neutral, alkaline and oxidative hy-
drolysis. Appropriate amount of glimepiride was dissolved
in methanol to prepare glimepiride stock solution concen-
tration of 400 ug/ml.

One millilitre of glimepiride stock solution was trans-
ferred into each of four glass vials. One millilitre of HCI
(0.2 M) was added into first vial, 1 ml of NaOH (0.2 M) into
the second vial, 1 ml of water into third vial, and finally 1 ml
of the solution of 4%H,0; into the fifth vial. All vials were
tightly closed and maintained at the constant temperature
(90°C) in a heating block with simultaneous stirring. Af-
ter the periods of 0, 30, 60, 180 and 360 min, 20 ! of each
sample was analyzed employing HPLC. The blanks consist-
ing of 1 ml of methanol and 1 ml of degradation medium
were injected on to the column before every single analy-
sis.

In order to determine relative rate of hydrolytic decompo-
sition of drug, the logarithm of remaining concentration of
glimepiride was plotted versus time. The linearity of this de-
pendence was investigated employing linear regression. The
presence of outliers was checked using Grubbs test. [11] The
rate constants were calculated from the slope of the kinetic
curves.
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3. Results and discussion

A simple, accurate and precise HPLC method was deve-
loped for determination of glimepiride in the presence of
its degradation products. Consecutively, this stability in-
dicating analytical method was employed to gain basic
information about the susceptibility of glimepiride to
hydrolytic decomposition.
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Accuracy of this method
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Concentration Concentration Recovery (%)
added (pg/ml) calculated + S.D.
{g/mi); R.S.D%

230 236.160 £ 0.703; 0.297 102.678
100 98.137 + 0.263; 0.268 98.1378

40 40.412 £ 0.021; 0.053 101.032
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Fig. 2. Chromatograms showing decomposition of glimepiride: Keys: (1) Sample in the time of 0 min; (II) acid hydrolysis (360 min of decomposition);
(111) neutral hydrolysis (360 min of decomposition); (IV) alkaline hydrolysis (360 min of decomposition); and (V) oxidative hydrolysis (360min of

decomposition),
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3.1. Method validation

The linearity of this method was proved using linear
correlation of the peak area values and appropriate con-
centrations of glimepiride in a range of 20-300 pg/ml. The
correlation coefficient of this dependence was calculated
to be 0.999. The intra- and inter-day precisions of method
were determined to be 0.358 and 0.655, respectively. The
results of method accuracy are presented in the Table 1.

3.2. Stability study

HPLC study of glimepiride hydrolytic decomposition sug-
gested following degradation behaviour. After acid hydro-
lysis employing HPLC, two degradation products (labelled
A and B) were detected at the retention times of 4.2 and
5.2 min. It was observed that the area values of both peaks
were growing in time and this observation was accompa-
nied with decreasing of concentration of glimepiride Fig. 2.
The stability of glimepiride was also studied using water
as a medium for degradation. Although both degradation
products were detected on chromatogram, the ratio between
the areas of peaks A and B was different in comparison with
previous experiment (acid hydrolysis).

In contrast to acid hydrolysis, alkaline conditions led to
decomposition of glimepiride in to three main degradation
products (labelled C-E). Employing HPLC, their presence
was detected at the retention times of 3.5 min (degradation
product C), 6.6 min (degradation product D} and 8.0 min
(degradation product E). As it is evident from Fig. 2, the peak
area values of all main degradation products were growing
in time. Besides the peaks of these degradation products,
other small peaks were also found in the exposed samples,
but none of them had the area value grater than 1% of con-
centration of glimepiride. Furthermore, the amount of these
degradation products did not grow markedly during the time
of the experiment.

The degradation of glimepiride in the solution of 2%
hydrogen peroxide resulted into the formation of two ma-
jor peaks. The retention times indicated the agreement of
oxidative degradation products with acid ones; but however,

the decline of concentration of glimepiride was much higher
than concentration fall in acid hydrolysis (Fig. 2). The ab-
sence of distinct oxidative degradation product shows that
the chemical structure of glimepiride is not sensitive to
oxidation resulting from exposition to diluted hydrogen per-
oxide. Thus, in standard conditions (laboratory temperature,
absence of oxidative agents etc.), the formation of oxidative
impurities seems unlikely. As evident, acid, neutral and
oxidative hydrolysis led to the formation of the same degra-
dation products A and B. The possible explanation of this
point can be derived from the fact, that the acid-catalyzed hy-
drolytic reaction could take place in all the above mentioned
conditions. The Milli-Q water used in this experiment, made
the medium for neutral conditions slightly acid. Diluted
hydrogen peroxide solution is known to have slightly acid
character.

3.3. Degradation behaviour

The susceptibility of glimepiride to hydrolytic decompo-
sition was determined as a fall of concentration of drug dur-
ing the time of the experiment. The kinetic slopes are shown
in Fig. 3.

The straight-line behaviour was obtained for neutral, al-
kaline and oxidative conditions with correlation coefficients
R =0.99977, R = 0.9986 and R = 0.9956, respectively.
This fact implies that the hydrolytic degradation followed
pseudo-first-order kinetic behaviour. The correlation coeffi-
cient for acid hydrolysis was calculated to be R = 0.927.
The rate constants were determined from the slope of ki-
netic curves and their values are: 3.91 x 10~ min™"' (acid
condition), 2.30 x 1073 min—1 (neutral condition), 3.22 x
10-3 min~! (alkaline condition) and 9.44 x 10~ min~}
(oxidative condition). The values of rate constants deter-
mined that the susceptibility of glimepiride to hydrolytic de-
composition is increasing in the following manner: neutral
condition < alkaline condition < acid condition < oxidative
condition.

Although no special oxidative degradation product of
the drug was formed in experiment with 2% hydrogen
peroxide, the fastest decomposition was observed in this

2
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Fig. 3. Kinetic curves of glimepiride decomposition.
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solution. Thus, hydrogen peroxide could probably fa-
cilitate the acid-catalyzed hydrolytic reaction. Although
the glimepiride decomposition in water was determined
to be the slowest one, the fall in the concentration of
the drug was considerably significant. In this medium,
only 44% of initial amount of glimepiride was deter-
mined at the end of our experiment (6h). Therefore, the
structure of glimepiride appears to be rather sensitive to
hydrolytic decomposition. The addition of diluted acid
made this degradation process only 1.7 times faster, but
however, this acceleration of the reaction was quite dis-
tinct.

4. Conclusion

In this paper, the simple, accurate and well-defined HPLC
analytical method for determination of glimepiride in the
presence of its degradation products was described for the
first time. The behaviour of glimepiride under the hydrolytic
stress conditions in acid, neutral, alkaline and oxidative me-
dia was studied. However, further study needs to be done
to determine the most likely structures of degradation prod-
ucts and to apply these results into advanced stability test-
ing. The information presented herein could be very useful
for quality monitoring of bulk substance as well as the phar-
maceutical preparation containing this modern sulfonylurea
derivate.

Acknowledgements

We would like to thank V. Kubelka, M. Drtinova, E.
Svoboda and A. Schonfeldova for providing assistance and
advice. This study has been realized in the cooperation
of Zentiva a.s. and it was supported by a research grant
No.11160001 from The ministry of Education, Youth and
Sport.

References

[1] E. Drager, Diab. Res. Clin. Pract. 28 (1995) 139-146.

[2] R. Robkamp, K. Wernicke-Panten, E. Dragaer, Diab. Res. Clin. Pract.
31 (1996) 33-42.

[3] ICH, Stability Testing of New Drugs Substances and Products: Pro-
ceeding of the International Conference on Harmonization, IFPMA,
Geneva, 2000.

[4] B. Kommanaboyina, C.T. Rhodes, Drug Dev. Ind. Pharm. 25 (1999)
857-868.

[5] M. Baksi, S. Singh, ). Pharm. Biomed. Anal. 28 (2002) 1011--1040.

[6] K.C. Waterman, C.R. Adami, K.M. Alsante, A.S. Antipas, D.R.
Arenson, R. Carrier, J. Hong, M.S. Landis, F. Lombardo, J.C. Shah,
E. Shalaev, S.W. Smith, H. Wang, Pharm. Dev. Technol. 7 (2002)
113-146.

[7] L1 Salem, J. Idrees, J.1. Al Tamini, J. Chromatogr. B. 779 (2004)
103-109.

[8] K.H. Lehr, P. Damm, J. Chromatogr. B. 526 (1990) 497-505.

[9] H.M. Maurer, C. Kratzsh, T. Kracmer, F.T. Peters, A.A. Weber, I,
Chromatogr. B. 773 (2002) 63-73.

[10] S. Altindz, D. Tekeli, J. Pharm. Biomed. Anal. 24 (2001) 507-515.
[11] F. Grubbs, Technometrics 11 (1997) 1-21.

133



Experimentalni ¢ast J. Pharm. Biomed. Anal. 36 (2004) 205-209.

Komentar k ¢lanku

Tato prace se zabyva studiem hydrolytické stability moderniho antidiabetika
—glimepiridu. Dana problematika byla feSena ve spolupraci s Oddélenim vyvoje
analytickych metod VUFB (Zentiva a.s. Praha).

Cilem této casti bylo:

1/ Vyvinout stabilitu hodnotici HPLC metodu vhodnou pro analyzu glimepiridu
Vv pritomnosti rozkladnych produktt
2/ Studovat hydrolytickou stabilitu glimepiridu za vybranych podminek stresovych

test

Komentar a diskuze k vysledkim

V dobé vypracovani této prace nebyl glimepirid jesté zatazen do zadné oficialni
1ékopisné monografie. V literatufe nebyla dostupné zadna stabilitu hodnotici HPLC
metoda ani nebylo popsano chovani této latky za podminek stresovych stabilnich
testd.

Citlivost molekuly 1é¢iva k rozkladu vlivem extrémnich vnéjSich podminek byla
hodnocena za pouziti nové HPLC metody. Linearita, pfesnost a spravnost stanoveni
byly ovéfeny analyzou standardnich vzorkd. Stabilita uveden¢ho 1é¢iva byla
hodnocena v prostredich fedéné kyseliny (0,1 M HCI) a baze (0,1 M NaOH), ve vodé
a Vv roztoku peroxidu vodiku (2 %) pii teplot¢ 90 °C. V né€kolika casovych
intervalech bylo odebirano definované mnozstvi vzorkli a analyzovano pomoci
HPLC. Stabilita glimepiridu byla vyjadfena jako ubytek koncentrace 1éCiva ve
vzorku Vv ¢ase. Linearita zavislosti log ¢ na ¢ase byla ovéfovana pomoci metody
linearni regrese. Polocas rozkladu glimepiridu v jednotlivych prostiedich byl
vypocitan ze sklonu pfisluSnych kinetickych kiivek. Vysledky této studie ukazuji, ze
citlivost glimepiridu k rozkladu v riiznych vodnych prostiedich klesa v poradi: roztok
peroxidu vodiku > kyselé prostfedi > alkalické prostfedi > voda. V podminkéach
kyselé hydrolyzy a ve vod¢ byly detekovany dva hydrolytické rozkladné produkty (A
a B), zatim co ve vzorcich ziskanych z alkalické zatéze byly detekovany rozkladné

produkty tfi (C, D, E). V pfitomnosti peroxidu vodiku se glimepirid rozkladal na dva
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rozkladné produkty, jejichz retenéni cCasy se shodovaly s retencnimi casy
rozkladnych produktli A a B. Zadné dalsi piky, které by patfily dal§im oxidaénim
rozkladnym produktim nebyly béhem této studie detekovany. Zuvedenych
experimentalnich udaja 1ze usuzovat, ze glimepirid je vice citlivy k hydrolyze nez
k oxidaci.

Zatizené vzorky byly nasledné pouzity také pro HPLC-MS analyzy (provadéné
Dr. Kubelkou na VUFB) s cilem identifikovat rozkladné produkty. Vzhledem
K tomu, Ze se nepodafilo jednozna¢né identifikovat vétSinu rozkladnych produktt
nebyly tyto informace do publikace zafazeny.

Tato prace p¥inasi novou HPLC metodu vhodnou pro rutinni hodnoceni
Cistoty a stability moderniho antidiabetika — glimepiridu. Informace o stabilité
glimepiridu mohou byt dale vyuzZity pri kontrole kvality uvedené icinné latky
nebo 1é¢ivych pripravkii, které tuto icinnou latku obsahuji.

V roce 2005 byla publikovéna prace obsahujici, krom¢ jiného, také informace
o stabilit¢ glimepiridu za vybranych stresovych podminek (zatéz za pouziti HCI,

Y Tyto publikované udaje jsou

NaOH, H;0,, vyssi teploty a vyssi vlhkosti)
ve shodé¢ s vysledky naSich experimentd, avsak li§i se mirou rozkladu Ié¢iva. Tento
rozdil by vSak mohl byt zptisoben ponékud odlisSnymi podminkami za kterych byly

uvedené experimenty provadény.
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Abstract

HPLC and TLC methods for monitoring of the photochemical stability of nimesulide are presented. Solution of
nimesulide sodium salt was exposed to the light of wavelengths 254 nm. The presence of degradation products (2-
phenoxy4-nitroaniline and methanesulfonic acid) was observed. In the exposed sample, 2-phenoxy4-nitroaniline was
detected by HPLC analysis and sulfonic acid was detected by TLC analysis. An isocratic HPLC chromatographic
condition was described for determination of nimesulide in a presence of its degradation product. The sample was
analysed on Separon SGX, C3, 250 x 4.6 i.d. 7 um analytical column. The mobile phase was consisted of a mixture of
acetonitrile and ammonium phosphate (pH 7.9; 0.02 M) (35:65 v/v). UV detector was performed at 245 nm.
Propylparaben was employed as an internal standard. Standard area response was linear respect to concentration of
nimesulide over range 150-500 pg/ml. As a validation of the method, the accuracy and between-day precision were
done. The detection limit of 2-phenoxy4-nitroaniline was 0.12 pg/ml. The solvent system for TLC analysis was consisted
of ethylacetate and cyclohexane (45:55), the samples were plotted on silica gel UV-254 nm. UV lamp (254 nm) and the
chemical detection were used.
© 2003 Elsevier Science B.V. All rights reserved.

Keywords: Nimesulide; HPLC; TLC; Photochemical stability

1. Introduction pound differs to the others NSAID by the
chemical structure and selective inhibition of

Nimesulide (4-nitro-2-phenoxymethanesulfona- cyclooxygenazy 2. Thank to this effect, nimesulide
nilide) is a modern anti-inflammatory drug be- seems to cause less several gastrointestinal
longing to the general class of NSAID side effects. Nimesulide is widely used for
(nonsteroidal anti-inflammatory drugs). This com- the treatment of rheumatoid arthritis and

another antipyretic properties [1]. Nimesulide
is a light yellow crystalline powder, which is
practically odourless. The various pK, valucs

* Corresponding author, Tel.: +420-49-5067230: fax: +420- (from 59 to 6.56) were prlmt(?d in Ref. [2].
4955122423, The value of pK, clearly indicates the acid
E-mail address: kovarikova@faf.cuni.cz (P. Kovafikovi). natural of the drug. Nimesulide is soluble

0731-7085/03/$ - sec front matter © 2003 Elsevier Science B.V. All rights reserved.
doi:10.1016/S0731-7085(02)00659-3
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in organic polar solvents; the solubility is dimin-
ished in solvents of high polarity such as methanol.
The solubility in water is reported to be 0.01mg/ml
but the solubility depend on the pH of the aqueous
solution [2].

Information about the stability of the drug
substance is an integral part of the systematic
approach on the stability evaluation. Investigation
of influence of light on the stability of drugs
has gained more and more importance in recent
years. Characterization of the photochemical
degradation of drugs using accurate, specific
and well-characterized methods is of interest
regarding safety, quality and effectiveness of
drug formulation. Light exposure (during produc-
tion, storage and use) can change the stability
of drug and toxic decomposition products may
be formed. Information about photo stability of
drugs can help to determine the storage conditions
in order to achieve high quality of pharmaceutical
products. As regards the structural similarity
to sulfonamides, nimesulide was considered to
be photo unstable compound. [3]. Although
certain information about the photo stability
of some NSAID’s has been reported [4,5],
no reports about the photo stability of nimesulide
as a modern agent with different structure
are available. Only one report has been presented
in literature about the stability of nimesulide
and its main metabolite (hydroxy-nimesulide) in
plasma. [2]. The chromatographic methods of
analysis for nimesulide include, HPLC [6-14]
and HPTLC [15,16].

The aim of this paper was to study the
photochemical stability of nimesulide and to
describe the development of a sensitive analytical
method using HPLC and TLC for determin-
ation nimesulide in the presence of its degradation
products. The conclusions of this paper could
spread unpublished information about the
stability profile of nimesulide, which could be
helpful in effort to ensure quality, safety and
effectiveness of drugs. So that the novelty of this
work is based on presentation of two stability
indicating analytical methods (HPLC and TLC),
which could be used for determination of purity
of this substance.

2. Experimental
2.1. Chemical and reagents

Standards of nimesulide and methanesulfonic
acid were obtained from Sigma-Aldrich (Gmbh,
Germany). HPLC-grade cyclohexane, ethylace-
tate, methanol and reagent-grade phosphoric
acid, sodium hydroxide, ammonium phosphate
monobasic, potassium iodide, argentum nitrate,
sodium nitrite, potassium hydroxide were pro-
vided by Lachema (Brno, Czech Republic).
HPLC-grade acetonitrile was Balex (Pardubice,
Czech Republic) product.

2.2. Instrumentation and chromatographic
conditions

22.1. HPLC

All HPLC instruments were obtained from
Ecom s.r.o. Czech Republic. System consisted of
a pump, a spectrophotometric detector (LCD
2084) and a data station with cw software, version
1.7. The separation was performed on a Separon
SGX, C18, 250 x 4.6, i.d. 7 um analytical column
(Tessek, Prague, Czech Republic).

The mobile phase consisted of acetonitrile and
ammonium phosphate (pH 7.9; 0.02 M) (35:65 v/
v). The pump was operated in an isocratic mode
with a flow-rate of 0.6 ml/min. The UV-detection
was performed at 245 nm. Injections were carried
out using a 20-pl loop.

222 TLC

As the stationary phase for TLC analysis was
used silica gel plates UV-254 (Kavalier, Czech
Republic). The solvent system consisted of ethyla-
cetate and cyclohexane (45:55). The saturation
time was 15 min. The samples were applied to
the plate using a 5-pl pipette.

The length of chromatogram run was 12 cm.
Nimesulide and 2-phenoxy4-nitroaniline were de-
tected using the spray solution consisted of the
copulation reagents (1% solution of NaNO, in 1
M HCI) and the diazotation reagents (0.2% solu-
tion of 1-naphtol in 1 M KOH). Methane sulpho-
nic acid was found using solution of fluorescein in
methanol (1:5).
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2.3, Nimesulide decomposition

UV lamp (Camag, Switzerland) was used as a
source of UV radiation; radiation intensity 1200
uW/cm?® the wavelength at 254 nm.

A solution of nimesulide sodium salt (3 mg/ml)
was exposed to continuous light of wavelengths
254 nm for 80 h. The UV lamp was located 40 cm
far from this solution. After the exposition the
sample was evaporated to dryness, dissolved in
methanol and analysed employing HPLC and
TLC. The other solution of nimesulide sodium
salt was prepared using the same way and it was
stored in the cooler. After 80 h it was analysed to
compare degradation with and without UV ex-
position.

2.4. Preparation of degradation product

The degradation product was obtained by
warming of a solution of nimesulide in the sodium
hydroxide solution (10 mg/ml) on water bath for
40 h up. Crystals, which were gained in this
process, were recrystallized in methanol. Identifi-
cation was made using NMR. analysis.

2.5. Preparation of standard solutions

The stock solution of nimesulide with a con-
centration of 1 mg/ml was prepared by dissolving
100 mg of nimesulide in methanol. The internal
standard stock solution of propylparaben (1 mg/
ml) was prepared in methanol.

2.6. Calibration curves

The calibration curves were prepared using
concentration of 150, 200, 300, 450 and 500 pg/
ml for nimesulide and the concentration of 300 pg/
ml for propylparaben (internal standard). Diluting
of the stock solution with the appropriate volumes
of methanol made the standard solutions for the
calibration curves. The standard solutions of
nimesulide in methanol containing propylparaben
were injected in triplicate into chromatograph. The
peak area ratios (nimesulide to internal standard)
were plotted against the corresponding analyte
concentration.

2.7. The limit of detection

The limit of detection was calculated to be three
times the standard deviation of noise ratio from
the analysis of 2-phenoxy4-nitroanilide (80 pg/ml).

2.8. Accuracy

Accuracy of the method is calculated as a
percentage of recovery by the assay of the known
added amount of analyte in the sample [17]. The
samples were gained by further dilutions of the
standard stock solution to obtain concentration of
170, 250, 400 pg/ml of nimesulide. All samples
were analysed in triplicate.

2.9. Precision

The precision of a method is determined by
assaying a sufficient of aliquots of a homogenous
sample to be able to calculate statistically valid
estimates of standard deviation or relative stan-
dard deviation [17]. The precision of the method
was tested as between-day reproducibility of the
assay. The independent samples of nimesulide
(170, 250, 400 pg/ml) were tested in 2 days to
determine inter-day reproducibility.

3. Results and discussion
3.1. Optimization of chromatographic conditions

The preliminary objective of the work was to
develop optimal chromatographic conditions for
assessment 2-phenoxy4-nitroaniline (notional de-
gradation product) in the sample of nimesulide.
Available analytical RP-HPLC methods reported
for the determination of nimesulide employ acid
mobile phases (pH 3.5-5). According to the
previously reported chromatographic conditions
and pK, of the substance, nimesulide was at first
analysed using a mixed acid buffer (NaH,PO, 0.01
M, KH,PO, 0.01 M, NaCOOH 0.1 M, NH,HPO,
0.02 M) and organic solvents (methanol, acetoni-
trile) in a different ratios. The initial experiments
with the acid mobile phases did not provide
adequate separation of nimesulide and its degra-
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dation product, so that the alkaline buffer
(NH4HPO, 0.02 M, pH 7.9) was employed later.
The ratio between aqueous and the organic phases
was optimised too. The analytical columns with
modified silica gel (Cg, C3, CN) as the stationary
phases were tried. Finally the Tessek C;3 chroma-
tographic column was provided in order to in-
crease number of theoretical plates. The capacity
factors (K) were 1.418 for nimesulide and 1.958 for
degradation product Fig. 1.

The ultraviolet spectra of nimesulide and 2-
phenoxy4-nitroaniline were recorded using a UV-
Shimanzu 2401PC spectrophotometer. The spec-
trum of nimesulide exhibits maxima at 323, 298
and 201 nm. The absorption spectrum of 2-
phenoxy4-nitroaniline was almost the same as
the spectrum of nimesulide. According to the
absorption maximum of nimesulide and its degra-
dation product the detector was employed at 245
nm,.

3.2. Assay of nimesulide

Assay of nimesulide was performed employing
propylparaben as the internal standard. Propyl-
paraben was acceptable as the internal standard
because it exhibits similar chromatographic prop-
erties to nimesulide and 2-phenoxy4-nitroaniline.
Under the chromatographic conditions used, ni-
mesulide and propylparaben have retention times
of 8.10 and 17.01 min. The calibration cure was
linear in the studied range. The mean equation
(curve coefficient +standard deviation) of the
calibration curve (n=>5) obtained for five points
was y =(1.139 +0.064)x +(0.016 £ 0.022) with cor-
relation coefficient r =0.9969. The value of y
represents the concentration of nimesulide pg/ml
and the value of x represents the peak area ratio
between analyte and internal standard. The solu-
tion of nimesulide was stable during this chroma-
tographic analysis.
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Fig. 1. Chromatogram shows separation of 2-phenoxy4-nitroanilide, nimesulide and internal standard-propylparaben. Chromato-

graphic conditions were described in Section 2.2.1.
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3.3. Accuracy and inter-day precision
Obtained accuracy values were within an accep-

table limit Table 1. The results for inter-day
precision are presented in Table 2.

3.4. The limit of detection

P. Kovarikova et al. | J. Pharm. Biomed. Anal 31 (2003) 827-832 831
Table 2
Between-day precision of assay of nimesulide
Concentration added Concentration found RSD %
(pg/ml) (ng/ml) £8.D.
170 169.3+0.37 0.22
250 248.840.71 0.28
450 397.5+1.71 0.43
36. TLC

The limit of detection was calculated to be 0.12
pg/ml of 2-phenoxy4-nitroanilide.

3.5, Stability study

At first the solution of nimesulide sodium salt
was exposed to UV radiation of the maximum at
350 nm. (UV lamp with wavelength range from
300 to 400 nm). After 100 h of exposition to this
radiation the solution was stable. So that’s why we
decided to use another UV lamp (Camag UV
lamp; maximum at 254 nm). Employing HPLC
method the presence of 2-fenoxy4-nitroanilide in
the solution was detected after 80 h of UV
irradiation. The presence of 2-fenoxy4-nitroanilide
in the exposed sample of nimesulide was confirmed
by agreement of ¢g value of the standard solution
of 2-phenoxy4-nitroanilide and tg value of the
solution of nimesulide after exposition to radia-
tion. This agreement was also proved by applica-
tion of additional amount of standard solution (2-
phenoxy4-nitroanilide) to the sample and the
significant growth of the peak area was deter-
mined. Fig. 2 shows the chromatogram of the
sample after 80 h of exposition to UV radiation. In
addition, the presence of the other unknown
degradation product was discovered on this chro-
matogram.

Table 1
Accuracy of assay-analysis of known amount of nimesulide

Concentration added  Concentration found  Recovery %

(ug/ml) (ug/ml) +S.D.

170 169.5+0.49 99.70
250 249.0+0.57 99.60
400 397.441.67 99.35

As regard that nimesulide had been degradated
into 2-phenoxy4-nitroanilide, the presence of the
other degradation product (methane sulphonic
acid) was supposed. Because of the fact that
methane sulphonic acid cannot be indicated by
HPLC analysis, a TLC method was developed.
The standard solution of nimesulide, 2-phenoxy4-
nitroanilide and methane sulphonic acid was
spotted on TLC plates and run in different solvent
systems. The following solvent system were tried in
different portions:

Ethylacetate—methanol-25% ammonium
Hexane—acetone

Chiloroform—methanol
Ethylacetate—cyclohexane.

The solvent system consisted of ethylacetate and
cyclohexane (45:55 v/v) gave a compact spots of all
components (nimesulide and its degradation pro-
ducts) with a significant Rf values. Nimesulide had
Rf value of 0.29 2-phenoxy4-nitroanilide had Rf
value of 0.43.

4. Conclusions

The propose stability study shows nimesulide to
be relative photostable compound. Nimesulide
must be cxposed to UV radiation for a relative
long time to obtain its decomposition products. As
the main photochemical decomposition product 2-
phenoxy4-nitroanilide was found. The chromato-
gram of the exposed sample of nimesulide shows
that the presence of the other unknown decom-
position product is expected. Further study has to
be done for identification of unknown decomposi-
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Fig. 2. Chromatogram of degradation of nimesulide after 80 h exposition to UV radiation. Chromatographic conditions were

described in Section 2.2.1.

tion product of nimesulide. This analytical method
allows determining the amount of nimesulide in
the presence of its decomposition products.
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Komentar k ¢lanku

Tato prace je zaméiena na vyvoj chromatografickych metod (HPLC a TLC)
umoziujicich separaci nimesulidu a jeho potencidlnich rozkladnych produktu
(2- fenoxy-4-nitroanilinu a kyseliny methansulfonové) a nasledné vyuziti téchto

metod ve studiu fotostability tohoto 1é¢iva.

Cilem této ¢asti bylo:

1/ Vyvinout HPLC a TLC metody vhodné pro separaci nimesulidu a potencialnich
rozkladnych produkti — 2- fenoly-4-nitroanilinu a kyseliny methansulfonové.

2/ Pouzit vyvinuté metodiky k studiu fotostability nimesulidu.

Komentar k vysledkiim:

V dobé vypracovani experimentalni prace nebyl nimesulid zafazen do zadné
oficialni Iékopisné monografie a Vv literatufe nebyly dostupné informace
o fotostabilité této latky. Vzhledem k tomu, ze UV zafeni je jednim z hlavnich
vngjSich faktorl, ovliviiyjicich stabilitu 1é€iv a 1é¢ivych ptipravki, byla u uvedeného
lé¢iva studovana pravé fotostabilita. Protoze nimesulid obsahuje v molekule
sulfonamidovou vazbu, ktera je za urcitych okolnosti pomérné citliva k rozkladu, je
mozné ocekavat ze 2-fenoxy-4-nitroanilin a kyselina methansulfonova (produkty
Sté€peni této vazby) budou potencidlnimi rozkladnymi produkty 1éc¢iva.

Pii vyvoji HPLC metody vhodné pro separaci nimesulidu a 2-fenoxy-4-
nitroanilinu, byly testovany rizné chromatografické podminky. Separace pikt téchto
latek byla dosazena na koloné s naplni C18 a mobilni fazi sloZzenou ze smési
acetonitrilu a fosfatového pufru. Jako vnitini standard byl vybran propylparaben.
Linearita, pfesnost a spravnost byly zvoleny jako zékladni valida¢ni parametry této
metody.

Na rozdil od 2-fenoly-4-nitroanilinu, neabsorbuje kyselina methansulfonova
zareni v UV oblasti, a proto nemize byt detekovana za pouziti HPLC-UV metody.
Pro rychlou a jednoduchou analyzu nimesulidu a obou potencialnich rozkladnych
produktii byla proto vyvinuta TLC metoda vyuZzivajici k detekci postiik chemickymi
Cinidly.
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Nimesulid a 2-fenoxy-4-nitroanilid byly na TLC desce detekovany postiikem
vyuzivajici diazotace; skvrna kyseliny methansulfonové byla detekovana postiikem
za pomoci roztoku fluoresceinu.

Stabilita nimesulidu byla hodnocena po expozici roztoku lé¢iva UV zafenim.
Vzorek byl nejprve vystaven zéafeni o pramérné vinové délce 350 nm a poté, pro
urychleni rozkladné reakce byl vzorek exponovan zafenim o vinové délce 254 nm.
Béhem téchto experimentii se ukézalo, ze nimesulid je pomérné¢ odolny vaci
ucinkim UV zafenim. Vzorek musel byt vystaven UV zafeni pomérné dlouhou dobu
(100 a 80 hodin byl roztok vystaven UV zafeni o vlnové délce 350 a 254 nm,
respektive), aby v ném bylo mozno detekovat rozkladné produkty. Kromé 2-fenoxy-
4-pitroanilinu byl na chromatogramu (HPLC) zatizeného vzorku detekovan jesté
dalsi pik dalsiho neznamého rozkladného produktu.

Vysledkem této prace jsou chromatografické metody (HPLC a TLC) vhodné
pro rutinni hodnoceni stability nimesulidu. Informace o stabilité této latky
mohou byt vyuzity p¥i vyveji novych lékovych forem s obsahem tohoto 1é¢iva.

V soucasné dobé je nimesulid zatazen do Ph. Eur. 5 a ndmi identifikovany

rozkladny produkt (2- fenoly-4-nitroanilin) je zde popséan jako negistota D*?°.
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Souhrn

Vysokoucinna kapalinova chromatografie (HPLC) je v oblasti analyzy l1éciv
jednou z nejcastéji uzivanych analytickych technik. Metody HPLC jsou bézné
vyuzivany ve vSech oblastech moderni farmaceutické analyzy - ve vyzkumu a vyvoji
novych 1é¢iv a 1éCivych pripravkt, v oblasti kontroly a jisténi jakosti 1écCiv,
v oblastech zahrnujicich analyzu 1é¢iv a metabolitll v biologickém materialti (napf.
terapeutické monitorovani 1é¢iv, studie bioekvivalence). Teoreticka ¢ast disertacni
prace se zabyva hlavnimi aspekty a specifiky HPLC analyzy 1é¢iv. Experimentalni
Cast prace je zpracovana jako soubor komentovanych praci rozdélanych do dvou
tematickych celkii (Analyza potencialnich 1é¢iv ze skupiny aroylhydrazonovych
chelatort zeleza, Hodnoceni stability vybranych 1éC¢iv).

Prvni tematicky celek se zabyval vyvojem, validaci a naslednou aplikaci
chromatografickych metod (pfedev§im HPLC) v analyze potencidlnich 1éCiv ze
skupiny aroylhydrazonovych chelatoru Zeleza — pyridoxal isonikotinoyl hydrazonu
(PIH) a jeho dalsich dvou analogt, salicylaldehyd isonikotinoyl hydrazonu (SIH) a
pyridoxal 2-chlorbenzoyl hydrazonu (0-108).

Aroylhydrazonové chelatory Zeleza (PIH, SIH, 0-108) jsou v dnes$ni dobé jako
potencidlni 1é¢iva predmétem pomérné intenzivniho vyzkumu. Ackoliv maji tyto
latky zajimavé farmakologické ucinky, nebyly dosud dostate¢né¢ definovany
analyticky. Absence vhodnych analytickych metod dosud neumoziiovala piesné
definovat Cistotu, stabilitu ani zakladni farmakokinetické parametry téchto
potencialnich 1é¢iv. V této disertacni praci byly nejprve vyvinuty a validovany
chromatografické metody umoziiujici hodnoceni C¢istoty a stability téchto
chelatoru. Za pouziti vyvinutych metod pak byly pomérné detailné studovany
vybrané aspekty stability ve vodé€ rozpustné soli ,,matefské* latky - PIH-2HCI -
(stabilita ve vodnych prostiedich o rizném pH a farmaceutickych pomocnych
latkach, fotostabilita a termalni stabilita). Tyto experimenty ukéazaly, Ze PIH je ve
vodnych roztocich pomérné citlivy Kk hydrolytickému $tépeni hydrazonové vazby,
avsak v pevném stavu je tato latka pomérné stabilni (studie fotostability a termalni
stability). Vysledky téchto experimentii pfinasi praktické informace, které mohou byt
v budoucnu vyuzity pii volbé zpusobu skladovani, vybéru vhodného aplika¢niho
média nebo pomocnych latek.

Dalsi cast tohoto tematického celku byla vénovéna vyveji a validaci HPLC
metodik vhodnych pro stanoveni SIH a 0-108 v krali¢i plasmé. Pro izolaci SIH

z plasmy se jako optimalni jevila metoda precipitace vzorku acetonitrilem (s malym
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ptidavkem Kyseliny). V piipad¢ o-108 byla pouzita extrakce na pevnych fazich za
pouziti C8 extrakénich kolonek. HPLC analyzy probihaly na kolonach s reverzni fazi
C18 za pouziti dvou mobilnich fazi o rizném slozeni. Vyvinut¢ metody byly
nasledné¢ pouzity pro stanoveni plasmatického profilu a zakladnich
farmakokinetickych parametri dosazenych po i.v. aplikaci téchto chelatort
laboratornim zvifatim. I kdyz byl u téchto latek pozorovan pomérné rychly pokles
plasmatickych koncentraci, ¢emuz odpovida i relativné kratky biologicky polocas,
vysledky této studie mohou mit vyznamny vliv na pribéh dalSiho vyzkumu
zaméteného na aroylhydrazonové chelatory Zeleza jako potencidlni 1éCiva.

Druhy tematicky celek byl zaméfen na vyvoej a nasledné vyuziti HPLC metod
ke studiu vybranych aspekti stability dvou 1é¢iv za podminek stresovych zkousek.
Studium stability 1é¢iv je jednim ze specifickych odvétvi farmaceutické analyzy.
Cilem zatézovych testd je definovat vnitini stabilitu molekuly 1éCiva, zjistit cesty
degradace a ziskat informace o rozkladnych produktech potiebné pro vyvoj a
validaci stabilitu hodnoticich analytickych metod. Prvnim lé¢ivem jehoz stabilita
byla testovana bylo moderni antidiabetikum - glimepirid. Stabilita glimepiridu byla
hodnocena Vv riznych vodnych roztocich (0,1 MHCI; 0,1 M NaOH, ve vodé a
H20,) za podminek stresovych zkousSek. Stabilita tohoto 1éCiva byly vyjadiena jako
ubytek koncentrace ve vzorcich v cCase. Bylo zjisténo ze rychlost rozkladu
glimepiridu klesa v pofadi roztok peroxidu vodiku > kyselé prostiedi > alkalické
prostiedi > voda. V zatizenych vzorcich bylo detekovano 5 riznych rozkladnych
produktii.

V dal§i casti disertatni prace byla sledovana citlivost nesteroidniho
protizanétlivého 1é¢iva - nimesulidu krozkladu vlivem UV zafenim.
Chromatografické metody (HPLC a TLC) umoznujici separaci nimesulidu a dvou
potencialnich  rozkladnych  produkti  (2-fenoxy-4-nitroanilinu  a  kyseliny
methansulfonové) byly vyvinuty a nasledné pouzity ke studiu fotostability tohoto
léciva. Vysledky té€chto experimentl ukazuji, Ze nimesulid je pomérné odolny vuci
pusobeni UV zéfeni. Testovany vzorek musel byt vystaven plisobeni tohoto zafeni
pomérné dlouhou dobu, aby bylo mozné detekovat uvedené rozkladné produkty
monitorovani stability glimepiridu a nimesulidu. Dale pak ptinasi informace o vlastni

stabilité téchto chemickych 1éc¢iv, které mohou byt dale vyuzity v procesech jisténi

147



Souhrn

kvality 1é¢ivych latek a 1é¢ivych piipravki nebo pii vyvoji novych 1ékovych forem

obsahujicich uvedené 1éciva.
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High performance liquid chromatography (HPLC) is one of the most
frequently used analytical techniques for the analysis of drugs. HPLC methods
are widely employed in all fields of the modern pharmaceutical analysis - new drugs
development, quality control and assurance, the analysis of drugs and metabolites in
a biological material (e.g. therapeutic drug monitoring, bioequivalence). The
theoretical part of this thesis deals with the main specifics and aspects associated
with HPLC analysis of drugs. The experimental part is consisted of six original
research papers with appropriate comments divided in to two sections (The analysis
of the drug candidates from the group of aroylhydrazone iron chelators and The
stability study on selected drugs).

The first section concerns with development, validation and application of new
HPLC methods in the analysis of drug candidates from the group of iron chelators —
pyridoxal isonicotinoyl hydrazone (PIH), salicylaldehyde isonicotinoyl hydrazone
(SIH) and pyridoxal 2-chlorobenzoyl hydrazone (0-108).

Aroylhydrazone iron chelators are under the investigation as promising drug
candidates. Despite these chelators have demonstrated number of interesting
pharmacological effects, in fact there were no modern analytical techniques suitable
for the analysis of these drug candidates. The lack of the analytical methodology has
not allowed to determine the basic pharmacokinetic parameters of these drug
candidates. At the beginning of the experiments, the chromatographic methods
suitable for purity and stability evaluation of these chelators were developed and
validated. The stability-indicating method was thereafter employed for the
evaluation of the selected aspects of the stability of a water soluble salt -
PIH-2HCI (The stability of the chelator in water media of different pH and two
common pharmaceutical excipients was investigated, photostability and thermal
stability studies on the solid substance were performed as well). These experiments
have demonstrated that PIH is relatively sensitive to hydrolytic splitting of the
hydrazone bound in aqueous solutions; however the solid substance is stable under
the tested conditions (photo and thermal stability). These experiments provided the
practical information which could be useful in further investigations of this chelator
as a drug candidate (e.g. for the selection of storage conditions, an application media
and pharmaceutical excipients).

The development and validation of HPLC methods appropriate for the
analysis of SIH and 0-108 in rabbit plasma was described in the second part of
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this section. Precipitation using acetonitrile with an addition of small amount of acid
was employed for the isolation SIH. In the case of 0-108, the method of solid phase
extraction employing C8 columns was used. The desirable separations were achieved
on C18 columns using mobile phases of different compositions. These methods were
employed for the determination of plasma concentration-time profile and the
basic pharmacokinetic parameters followed i.v. application of these chelators to
rabbits. Rather short half-lives of elimination were observed these studies. The
results of these experiments could be important for further investigation in this field.

The second part of the dissertation thesis concerns with the development of
stability indicating analytical methods and the applications of these procedures in
the stability evaluation of two modern drugs.

Investigation of the stability of drugs is one of a specific part of the
pharmaceutical analysis. The stress testing can help to identify the likely degradation
products which can in turn help to establish the degradation pathways and intrinsic
stability of the drug molecule and to validate the stability indication power of the
analytical methodology. The modern hypoglycemic agent - glimepiride was chosen
for the stability investigation. The stability of glimepiride in the different aqueous
media (0.1 M HCI, 0.1 M NaOH, water, 2 % H,0;) under the selected stress
conditions was tested and expressed as a fall of the concentration of drug in the time
course of the experiments. It was observed, that the susceptibility of glimepiride to
degradation is decreasing in following manner: 2 % H,0, > acid condition > alkaline
condition > water. The five main degradation products were detected in the exposed
samples.

The last topic of this dissertation thesis was to determine the photochemical
stability of modern anti-inflammatory drug — nimesulide. The chromatographic
methods (HPLC and TLC) suitable for the separation of nimesulide and its two
potential degradation products have been developed and employed in the
photostability evaluation on this drug. These experiments indicated that nimesulide
is relatively resistant against the influence of UV light. The sample solution had to be
exposed to UV light for relatively long time period to detect the degradation
products.

This part of the thesis provides new analytical methods suitable for the stability
evaluation of glimpiride and nimesulide. Information presented herein could be

useful for quality control and assurance of these two clinically used drugs.
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