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Abstrakt

V ramci prvni ¢asti této prace byly vyvinuty analytické metody pro stanoveni
necistot uc¢innych latek v kombinovanych lé¢ivych piipravcich. Vyvoj metod zahrnoval
optimalizaci pfipravy vzorkd 1 jejich chromatografického stanoveni. Metody byly
zvalidovany dle platné mezinarodni smérnice International Conference on
Harmonization (ICH) a byla potvrzena jejich aplikovatelnost pro stanoveni necistot ve
stabilitnich vzorcich 1éCivych ptipravki. Necistoty paracetamolu, kodein fosfat
hemihydratu a pitofenon hydrochloridu v pfitomnosti ¢tvrté ucinné latky fenpiverin
bromidu byly separovany iontové parovou reverzni chromatografii s gradientovou eluci.
Byla pouzita kolona Symmetry Cig, 250 x 4,6 mm, 5 pm vyhiatd na teplotu 35 °C.
Detekéni metoda byla zvolena spektrofotometricka s vinovymi délkami 220 nm pro
necistotu K paracetamolu, 245 nm pro paracetamol a jeho ostatni necistoty a 285 nm
pro kodein, pitofenon a jejich necistoty. Pro separaci a stanoveni necistot valsartanu,
amlodipin besilatu a hydrochlorothiazidu byla vyvinuta UHPLC metoda v reverznim
chromatografickém modu s gradientovou eluci. Byla pouzita kolona Zorbax Eclipse Cs
RRHD, 100 x 3,0 mm, 1,8 pm vyhfata na teplotu 30 °C. Detekéni metoda byla zvolena
spektrofotometrickd s vlnovymi délkami 225 nm pro valsartan, jeho necistoty a
necistotu D amlodipin besilatu, 360 nm a 271 nm pro amlodipin, respektive
hydrochlorothiazid a jejich necistoty.

Ve druhé cCasti prace byly piipraveny monolitické stacionarni faze ve formé tenké
vrstvy na sklenéném nosici. Polymeriza¢ni smési obsahovaly glycidyl-methakrylat a
2-hydroxyethyl-methakrylat (monomery), ethylenglykol-dimethakrylat (sitovaci
¢inidlo), dekan-1-ol, cyklohexan-1-ol, propan-1-ol a butan-1,4-diol (porogenni slozky)
v ruznych pomérech a 2,2-dimethoxy-2-fenyl-acetofenon (inicidtor). Polymerizace
monolith (UV iniciace, 254 nm) probihala mezi plexisklovou desti¢kou a silanizovanym
mikroskopickym sklickem odd€lenymi teflonovym tésnénim s definovanou tloustkou
25,50, 76 a 127 um. Sledovanymi charakteristikami monolitickych vrstev byly zejména
jejich mechanickd odolnost a rychlost vzlinani hexanu v zavislosti na slozeni
polymerizacni smési. Vybrana monolitickd vrstva byla testovana jako stacionarni faze

pro hmotnostni detekci s desorpéni atmosférickou fotoionizaci (DAPPI).
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Seznam zkratek a symboli

AP i ucinna latka

PC e stupen Celsia
8ttt oktadecyl

8 et oktyl

DAPPL ..o desorpéni fotoionizace za atmosférického tlaku
DEST ..o desorp¢ni elektrospre;j
DMPAP......oooiiieieeeeeeeeeeee 2,2-dimethoxy-2-fenyl-acetofenon

AP e pramér castice

EDMA ... ethylenglykol-dimethakrylat

GMA ... glycidyl-methakrylat

HEMA ..o 2-hydroxyethyl-methakrylat
HPLC...ooiieeeeeee e vysoce uc¢inna kapalinova chromatografie
ICH oo International Conference on Harmonization
LCe e kapalinova chromatografie
e e vlnova délka

MALDI ..o laserova desorpce a ionizace za Ui€asti matrice
MEKC .....ooiiiiiiieieeeeeee e micelarni elektrokineticka chromatografie
Moo molarni koncentrace

PIM .o milimoléarni koncentrace
My relativni molekulova hmotnost

MS hmotnostni spektrometrie

TN eeeeetieeereeerreeeteeeereesteeenreeennseeennes miligram
NN minuta
TN milimetr

10010070) U ISR milimol na litr
ML mililitr

ML/MIN e mililitr za minutu

755 TSSO mikrometr

L e mikrolitr



NECIStOta 07 .cvvveeiiieeieeeiieeeiee e (S)-2-(N-{[2’-kyanobifenyl-4-yl|methyl}

pentanamido)-3-methylbutanova kyselina

Necistota 09......ocovvvevviieeieecee e (S)-3-methyl-2-{[2’-(1H-tetrazol-5-

yl)bifenyl-4-yl]methylamino } butanova

kyselina
necistota KHBB...........ccccoviiiinnnne. 2-(4-hydroxybenzoyl) benzoova kyselina
necistota MeKHBB .............ccccone. methyl ester 2-(4-hydroxybenzoyl) benzoové
kyseliny
NECIStOta X.oovierieeiieieeiieee e 2-[4-[2-(1-piperidinyl)ethoxy]benzoyl]

benzoova kyselina

necistota PEE..........cccccoviinviiiieene, 2-(1-piperidinyl)-ethyl ester 2-[4-[2-(1-

piperidinyl)ethoxy]benzoyl]benzoové kyseliny

0100 PPN nanometr

NMR .ot nuklearni magneticka resonance
Ph. EUT oo Evropsky 1ékopis

R o chromatografické rozliSeni

B e cas

TLC o tenkovrstva chromatografie
TOF e analyzator doby letu

U e napéti
UHPLC.....oooiiiiieieeeeeeeeeee ultra uc¢innd kapalinova chromatografie
USP.coeeeceeee e Americky 1ékopis

UV et ultrafialova oblast spektra

% M. e procento hmotnostni



Cile prace
Cilem prvni ¢asti této prace byl vyvoj analytickych metod pro stanoveni necistot
ucinnych latek v kombinovanych 1é€ivych piipravcich. Pro tento ucel byly vybrany dva

1é¢ivé ptipravky:

* Spasmopan®, 1ékova forma ¢ipky kombinujici G¢inné latky paracetamol
v obsahu 500 mg, kodein fosfat hemihydrat v obsahu 19,2 mg, pitofenon
hydrochlorid v obsahu 10 mg a fenpiverin bromid v obsahu 0,1 mg na jeden
Cipek.

* Potahované tablety kombinujici u¢inné latky valsartan v obsahu 320 mg,
amlodipin besilat v obsahu 10 mg a hydrochlorothiazid v obsahu 25 mg na

jednu potahovanou tabletu.

Vyvoj metod zahrnoval paralelni optimalizaci pfipravy vzorku a
vytéznost, opakovatelnost, stabilita analytl, kompatibilita s chromatografickymi
podminkami, jednoduchost a ¢asovd nenaro¢nost. Vlastni chromatografické metody
byly optimalizovany z hlediska selektivity, preciznosti, presnosti, rozsahu, citlivosti,
robustnosti a byly zvalidovany dle platné mezinarodni smérnice ICH. Vhodnost metod
pro stabilitni studie 1éCivych ptipravkli byla potvrzena analyzou expirované Sarze
Spasmopanu® a degradac¢ni studie v piipadé potahovanych tablet.

Cilem druhé casti prace byla piiprava monolitickych stacionarnich fazi pro
tenkovrstvou chromatografii s hmotnostni detekci analytd pomoci desorpéni
fotoionizacni techniky DAPPI. Na zéklad¢ publikovanych praci byl vyvinut postup
pfipravy monolitickych tenkych vrstev v podminkach naSi laboratofe. Monolity byly
piipraveny na bazi methakrylatu z divodu moznosti iniciace UV zafenim a
piredpokladaného pouziti v normalnim chromatografickém modu. Kli€¢ovymi
sledovanymi parametry byla mechanickd odolnost nutnd pro desorpcni ionizacni

techniku a rychlost vzlinani mobilni faze umoziujici chromatografickou analyzu.



1. Teoreticky avod

1.1 Stanoveni obsahu necistot v kombinovanych lé¢ivych pripravcich

Kapalinovd chromatografie (LC) je dnes nejCastéji pouzivanou metodou ve
farmaceutické analyze pro stanoveni obsahu a ¢istoty uc¢innych latek jak samotnych, tak
1 jako slozek v léCivych piipravcich [1]. Masivni rozvoj HPLC v druhé poloviné 20.
stoleti vedl ke standardizaci této metody ve farmaceutické analyze a zejména diky jeji
selektivité¢ a citlivosti umoznil zvySit naroky na kvalitu 1é¢iv. Metodika LC, vcetné
pozadavkli na chromatograficky systém, zahrnujici parametry HPLC i UHPLC, je
obecné popsana v Evropském I€kopisu [2].

Zkouska Ccistoty ucinnych latek (API) a 1é¢ivych ptipravki je v dneSni dobé
jednou ze zakladnich soucasti kompletni farmaceutické analyzy a jako takova je
vyzadovana registratnimi autoritami. Podle smérnice ICH lze necistoty v 1éCivech a
1é¢ivych piipravcich rozdé€lit na organické, anorganické a zbytkova rozpoustédla [3].
Anorganické necistoty (napt. tézké kovy, soli) a zbytkovd rozpoustédla (napf.
acetonitril, methanol, aceton) jsou zpravidla zndmé latky (i toxikologicky) vstupujici do
syntézy a vyroby. Na stanoveni téchto nelistot lze tedy po verifikaci aplikovat
standardizované postupy a limity uvedené v 1ékopisech a z pohledu analytické chemie
jsou tyto necistoty vyrazné menSim problémem nez necistoty organické [4, 5].

Organické necistoty jsou prevazné vstupni reaktanty, meziprodukty, vedlejsi
produkty a degradacni produkty. Struktura necistot miize byt odvozena z predpokladané
syntetické cesty. Smérnice ICH udéavaji postup pro vypocet identifikacniho a
kvalifika¢niho limitu. Pokud se necistota vyskytuje nad danym limitem, musi byt
exaktné identifikovana, pfipadné musi byt kvalifikovdna jeji biologicka
bezpecnost [3, 6]. Pokud je API uvedena v lékopisu zpravidla jsou u ni uvedeny
1 necistoty urcité syntetické cesty a pfipadn¢ i1 degradacni produkty a jejich
limity [7 - 11]. Rozdilné postupy syntézy, slozeni a formulace konecnych léCivych
piipravki u jednotlivych vyrobel vSak znamenaji, Ze vzdy je nutné 1ékopisnou metodu

verifikovat pro danou API a ve vétSin€ piipadl vyvinout a zvalidovat metodou vlastni.



Spasmopan® je 1é¢ivy piipravek kombinujici v ¢ipkové 1ékové formé étyti ucinné
latky: paracetamol, kodein fosfat hemihydrat, pitofenon hydrochlorid a fenpiverin
bromid. Spasmopan® se uziva na tlumeni bolestivych kieé¢i traviciho traktu a mocového
méchyfe. Kombinuje analgetické a antipyretické ucinky paracetamolu [12]
s analgetickymi a antimotolickymi ucinky kodeinu [13] a spasmolytickymi u€inky
pitofenonu a fenpiverinu [14]. Cesky, Evropsky, Britsky, Americky i Japonsky lékopis
obsahuji monografie pouze pro paracetamol a kodein fosfat hemihydrat [7 - 11].

Paracetamol je obecné pouzivan ve vysokych davkach a mize byt
hepatotoxicky [15]. Lékopisné limity pro jeho necistoty 4-aminofenol, 4-nitrofenol a
4-chloracetanilid jsou tedy velmi nizké (0,005 %, 0,05 % a 0,001 %) [7 - 11].
V Iékovych formach musi byt kontrolovan pfedev§im obsah nefrotoxického
4-aminofenolu [16] jako hlavniho degrada¢niho produktu paracetamolu [17]. Pfestoze
paracetamol byl analyzovan mnoha riznymi metodami jako micelarni elektrokinetickou
chromatografii (MEKC) [18], mikroemulzni kapalinovou a -elektrokinetickou
chromatografii [19], fluorimetrickou spektroskopii [20, 21], NMR [22, 23] a
TLC [24, 25], HPLC metody s UV spektrometrickou detekci byly pravdépodobné
nejcastéji pouzivanymi [26 - 31]. Pro chromatografické stanoveni 4-aminofenolu byla
rovnéz pouzita ampérometricka detekce [32]. Byly vyvinuty stabilitu indikujici HPLC
metody na kvantifikaci u¢innych latek pro kombinace kodein fosfatu, paracetamolu a
chlorfeniraminu [10, 33 - 35] a pro analyzu kombinace ibuprofenu, kodeinu a jejich
necistot byla validovana MEKC metoda [36]. Jelikoz metoda na stanoveni Cistoty
kodeinu je definovana lékopisnég, a prestoze neseparuje necistoty 10-hydroxykodein a
morfin [8], vyzkum byl soustfedén na stanoveni kodeinu samotného, pfedevSim ve
smési alkaloidl [37 - 41]. Pitofenon hydrochlorid byl analyzovan pouze jako soucast
screeningovych testll [42 - 45] a obsahovymi metodami spektrofotometrickymi [46, 47]
a chromatografickymi [48 - 51]. Na rozdil od paracetamolu a kodeinu, metoda na

stanoveni Cistoty pitofenonu nebyla dosud publikovana.



Vysoky krevni tlak je jednim z globalnich zdravotnich problémt dne$ni doby. Je
klicovym faktorem zptsobujicim infarkt myokardu a mozkovou mrtvici, a nepfimo tak
zpisobuje umrti 9,4 milionu lidi roné po celém svété [52]. U vétSiny pacientil 1éba
kombinujici vice pfistupll ke sniZzeni hypertenze ptinasi lepsi kontrolu krevniho tlaku
nez terapie pouze jednou ucinnou latkou [53]. Valsartan pisobi jako antagonista
angiotensinového receptoru II v renin-angiotensinovém systému, jeho piitomnosti
dochézi k vazodilataci a sniZeni krevniho tlaku. Hydrochlorothiazid se fadi do skupiny
diuretik a snizuje krevni tlak prostym snizenim celkového objemu tekutiny v téle [12].
Amlodipin rovnéz zplsobuje vazodilataéni efekt, ovSem skrze blokaci kalciovych
kanalt [54].

Vsechny tfi API jsou Siroce pouzivané a pfislusné lékopisy obsahuji jejich
monografie definujici HPLC metody pro stanoveni jejich ¢istoty [7 - 11]. Pro 1éc¢ivé
ptipravky kombinujici valsartan, amlodipin a hydrochlorothiazid byly dosud
publikovany pouze HPLC metody na stanoveni obsahu ucinnych latek [55]. Retenéni
poradi téchto tfi APl v reverzni chromatografii zavisi na pH pufru v mobilni fézi.
V silné kyselém pH hydrochlorothiazid eluuje jako prvni, nasleduje amlodipin a
nakonec valsartan [56 - 64]. Pii pouZiti pufru s mirné kyselym nebo neutralnim pH se
retenéni pofadi amlodipinu a valsartanu obrati [65 - 68]. V zavislosti na konkrétni
metod¢ v neutralnim nebo zasaditém prostfedi se retence valsartanu snizi natolik, ze
eluuje jako prvni, hydrochlorothiazid pak jako druhy a amlodipin jako posledni [69, 70].
Pouze dvé obsahové metody byly publikovany jako stabilitu indikujici, pfestoze nebyla
poskytnuta data o spektralni ¢istot€ pikl ¢i identifikace degradaénich produktt [57, 71].
Obsah amlodipinu, valsartanu a hydrochlorothiazidu v trojkombinaci byl stanoven
i spektrofotometrickymi metodami [63, 72 - 74]. Stabilitu indikujici metoda na
stanoveni obsahu necistot a Zddna UHPLC metoda obecné dosud nebyla publikovana
pro trojkombinaci G¢innych latek valsartan, hydrochlorothiazid, amlodipin [55]. V USP
bude pravdépodobné uvedena ptislusnd monografie s HPLC metodou, aktualni verze

vSak obsahuje informaci pouze o separacni koloné a zadné dalsi detaily [9].
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1.2 Priprava monolitickych tenkych vrstev

Tenké vrstvy jsou jednim ze smért stdle se rozvijejici chemie a technologie
monolitickych stacionarnich fazi [75]. Monolitické stacionarni faze jsou moderni
separacni média s vSestrannou aplikacni oblasti. Na rozdil od sférickych stacionarnich
fazi jsou vytvofeny z jednoho kusu poérovitého materidlu, ktery zcela vypliuje télo
kolony ¢i kanalek Cipu.

Ptiprava organickych monoliti pro tenkovrstvou chromatografii zapocala az
v roce 2004, kdy Svec, Fréchet a kol. predstavili vzorkovaci desticku modifikovanou
zpolymerizovanymi monolity pro MALDI-TOF detekci [76]. Monoliticka faze oproti
klasické matrici (2,5-dihydroxybenzoova kyselina) poskytovala méné interferujici
pozadi pro ionizaci malych molekul a delsi trvanlivost vzorkovaci desticky v porovnani
se silikagelovou matrici [76]. V roce 2007 pak byla popsana ptiprava monolitické tenké
vrstvy na bazi methakryladtu mezi dvéma sklicky oddélenymi teflonovym tésnénim [77].
Polymerizace byla iniciovana UV zafenim. Slozeni polymerizacni smési (butyl-
methakrylat 24 %, ethylen dimethakrylat 16 %, dekan-1-ol 40 % a cyklohexanol 20 %)
bylo pfevzato z pripravy kapilarnich kolon. Fotografie ze skenovaciho elektronového
mikroskopu vSak odhalila rozdilnou morfologii svrchni vrstvy monolitu, kterd byla v
kontaktu s nemodifikovanym krycim sklickem. Oproti globularni struktufe v jeho stiedu
byla svrchni vrstva monolitu na pohled kompaktni a méné€ porézni [77].

Hladky povrch monolitu byl vhodny pro separaci a naslednou ionizaci barviv a
makromolekul technikou MALDI [77], ale jeho tihel smac¢eni vodou byl 77 © [78].
PoZadovanych superhydrofébnich vlastnosti povrchu bylo dosaZeno pii pouziti
silanizovaného kryciho skli¢ka. V tomto ptipad¢ byl povrch monolitu hruby s globularni
strukturou a thel smaceni byl 154 ©°. Prestoze obé& sklicka tvofici formu byla
silanizovdna, monolit byl pfednostné pfichycen ke sklicku, které bylo blize ke zdroji
UV zafeni, zatimco na krycim sklicku ziistal pouze slaby film monolitu. Monolit byl
dale z casti modifikovan hydrofilnimi monomery a pouzit pro dvoudimenzionalni
chromatografii peptidi s ionizaci technikou DESI a MS detekci [78]. Obdobnym
postupem byly pro spojeni TLC-MS pfipraveny monolity 1 na bazi glycidyl-
methakrylatu [79] a styrenu [80].
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2. Vysledky a diskuze

2.1 Stanoveni obsahu necistot v pfipravku Spasmopan®

Prestoze 1€kopisné metody na stanoveni necistot paracetamolu a kodeinu jsou
zalozeny na iontové parové chromatografii [8, 9], prvotnim zdmérem byl vyvoj rychlé
chromatografické metody bez iontov€ péarového ¢inidla z diivodu jeho potencidlnich
inteferujicich necistot. K vyvoji metody byl pouzit vzorek piipraveny ze dvou Cipki
Spasmopanu® rozpu$ténych v 50% acetonitrilu (viz dale) a spikovany nelistotami
paracetamolu F, J, K (dle Ph. Eur. [8]) a pitofenonu KHBB, MeKHBB, X a PEE (viz
seznam zkratek). Necistoty kodein fosfat hemihydratu A, C a E (dle Ph. Eur. [8]) byly
ve vzorku obsazeny z jeho vyroby. Rozdéleni véech necistot a Géinnych latek bylo
dosazeno pfi pouziti separac¢ni kolony ACE 3 Cig 150 x 4,6 mm, 3 um a gradientové
eluce 10mM fosforecnanového pufru o pH 7,0, acetonitrilu a methanolu.
Chromatograficky zédznam a instrumentalni podminky této analyzy jsou uvedeny na
obrazku 1. Pfedbézné testovani metody vSak prokazalo jeji nerobustnost zejména
s ohledem na zmény pH pufru (+£0,1) a obsahu methanolu béhem gradientového
programu (£2 %). JelikoZ vSechny slozky vzorku byly separovany béhem 20 minut,
oddélent pikt v kritickych oblastech (piky 4 - 7 a 9 - 14, obr. 1) bylo dosazeno pouze za
specifickych podminek. Pfi pouZiti této metody byl navic pik necistoty PEE pitofenonu
vyrazn¢ rozmyty (USP tailing factor = 2.2). Za stejnych instrumentalnich podminek
byly testovany i dalsi separacni kolony srovanatelnych rozméri (Gemini Cis, YMC
ODS-A, Zorbax ODS-A, Kinetex Cis a Zorbax Eclipse Cis), ale vSechny poskytly
elucni profily podobné kolon¢ ACE 3, ovSem s nékterymi neoddélenymi analyty. Jedina
kolona, kterd poskytla vyrazné¢ odliSnou selektivitu (zejména pro necistoty
paracetamolu), byla Zorbax Aqua Cis, avSak pfi jejim pouziti nebyla oddélena vétSina

analyta.
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Obr. 1 Analyza vzorku Spasmopanu® spikovaného necistotami paracetamolu J (hladina
0,2%), F (hladina 0,3 %) a K (hladina 0,2%) a necistotami pitofenonu KHBB, X,
MeKHBB a PEE na hladiné 0,2 %. Analyzoviano na HPLC systému Waters
Alliance 2695. Rozpoustédlo vzorku: 50% acetonitril. Kolona: ACE 3 (Cig)
150 x 4,6 mm, 3 um. Teplota kolony: 25 °C. Objem nastriku: 5 ulL. Detekce: UV,
A = 225 nm. Mobilni faze: 10mmol/L NH.H>PO4/(NH4):HPO+ pufr o pH 7,0. Pritok:
0,8 mL/min. Gradient:[t(min)/acetonitril(%)/methanol(%)] 0/5/5, 5/15/5, 25/85/0,
26/5/5, 35/5/5. Identifikace pikii:1 - necistota K, 2 - paracetamol, 3, 5, 8 - neznamé
necistoty paracetamolu, 4 - necistota KHBB, 6 - necistota E, 7 - necistota X, 9 - kodein,
10 - necistota C, 11 - necistota F, 12 - fenpiverin, 13 - necistota A, 14 - necistota J,
15 - neznama necistota kodeinu, 16 - necistota MeKHBB, 17 - pitofenon, 18 - necistota
PEE. Neidentifikované piky pochazeji z rozpoustédla vzorku a mobilni faze.

Jelikoz vyvoj metody v reverznim chromatografickém modu nebyl uspésny, byla
testovdna iontové parova chromatografickd metoda pro analyzu léCivého pripravku
kombinujiciho pouze paracetamol a kodein [nepublikovand data]. Analyza byla
provedena na kolon¢ Symmtery Cig (250 x 4,6 mm, 5 um) pii 35 °C s gradientovou
eluci pufru o pH 2,5 z oktansulfonitu sodné¢ho (1,33 g/L) a kyseliny fosforecné,
acetonitrilu a methanolu dle programu [#(min)/acetonitril(%)/methanol(%)]: 0/10/5,
15/15/5, 28/25/5, 38/35/5, 40/10/5, 50/10/5. Pii aplikaci této metody vSak vetSina piki
spikovaného vzorku nebyla rozdélena, jelikoz téméf vSechny analyty eluovaly

v rozmezi 26. a 44. minuty.
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Z podminek metody byla zachovana kolona, jeji teplota a pufr a byl ménén
gradientovy program. N¢kolik kritickych separacnich pard jako napiiklad necistota K
paracetamolu a jeho minoritni nezndma necistota, necistoty kodeinu C a A a fenpiverin a
necistota X pitofenonu byly béhem vyvoje sledovany pro dosazeni dostate¢ného
rozliSeni. Gradient s poc¢ate¢nimi podminkami obsahujicimi 80 % pufru vedl ke slabé
retenci necistoty K paracetamolu, kterd koeluovala s piky z rozpoustédla vzorku a dalsi
nezndmou necistotou paracetamolu. Srovantelné¢ s metodou v reverznim
chromatografickém modu byla retence kodeinu a jeho necistot velmi zavisla na poméru
methanolu a acetonitrilu v mobilni fazi (vétSi objem methanolu vedl k silngj$i retenci).
Po testovani nékolika gradientovych programi byly vyvinuty finalni podminky metody
s gradietnovym programem, ktery oproti vychozi metodé neobsahoval methanol a jeho
prvni polovina byla strmé&jsi. VSechny necistoty byly dostatecné separovany (R > 1,7),
piicemz narozdil od chromatografie v reverznim modu bylo dosazeno lepsiho tvaru pikt
vSech necistot (1,0 < USP tailing factor < 1,1). Na obrazku 2 je znazornén

chromatogram spikované¢ho vzorku analyzovaného za kone¢nych chromatografickych

podminek.
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Obr. 2 Analyza vzorku Spasmopanu® spikovaného necistotami paracetamolu F, J a K a
pitofenonu KHBB, X, MeKHBB a PEE na hladiné 0,2 %. Rozpoustédlo vzorku: 50%
acetonitril. Kolona: Symmetry Cis, 250 x 4,6 mm, velikost castic 5 um. Teplota kolony:
35 °C. Objem nastriku: 10 uL. Detekce: UV, A = 220 nm. Mobilni faze: slozka A - pufr:
oktansulfonat sodny monohydrat (1,44 g/L), pH 2,5 upraveno 85% H3POy;
slozka B - acetonitril; slozka C - methanol. Pritok:1,0 mL/min. Gradientova eluce
[t(min)/acetonitril(%)/methanol(%)]: 0/10/5, 15/15/5, 28/25/5, 38/35/5, 40/10/5,
50/10/5. Identifikace pikii: 1 - paracetamol, 2, 3, 4 - neznamé necistoty paracetamolu,
5 - necistota K, 6 - necistota E, 7 - kodein, 8 - necistota F, 9 - necistota KHBB,
10 - necistota C, 11 - necistota A, 12 - necistota J, 13 - necistota X, 14 - necistota
MeKHBB, 15 - fenpiverin, 16 - necistota PEE, 17 - pitofenon.

Piky nedistoty K paracetamolu a necistoty E kodeinu byly deformovany z diivodu
pouziti 50% acetonitrilu jako rozpousStédla vzorku. Pii pouZziti kompatibilniho
rozpoustédla byly piky jednolité v retencnich Casech druhych vrchold, a v pfipadé
necistoty K tak 1épe odd€Iné od nezndmé necistoty paracetamolu (pik ¢islo 4, obr. 2).
Pik pied touto nezndmou necistotou pochédzel z rozpoustédla vzorku a vymizel po
piidani oktansulfonatového pufru do rozpoustédla vzorku a ekvilibraci kolony.
Neoznaceny pik mezi necistotami A kodeinu a J paracetamolu (piky ¢islo 11, 12, obr. 2)
byl identifikovan jako degradacni necistota ze standardu necistoty F. Tento degradacni
produkt se v Cerstvé pfipraveném vzorku nevyskytoval. V tomto retencnim case

standardn¢ eluovala nezndma necistota kodeinu (pik ¢islo 15, obr. 1). Selektivita
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metody pro necistotu B kodeinu (eluujici pfed necistotou E) byla ovéfena az pied
vlastni validaci z divodu nedostupnosti referen¢niho materidlu. Ostatni
neidentifikované piky pochdzely z rozpoustédla vzorku a mobilni fdze. Na zadkladé¢ UV
spekter byly zvoleny detekéni vlnové délky 220 nm pro necistotu K, 245 nm pro
paracetamol a jeho necistoty a 285 nm pro kodein, pitofenon a jejich necistoty.

Cipek je z hlediska analyzy komplikovanou lékovou formou, jelikoz obsahuje
znacné mnozstvi nepolarnich slozek placeba, které musi byt odstranény z divodu
ochrany separa¢ni kolony. Jelikoz cipky taji ptfi 37 °C, k rozpusténi vzorku
v rozpoustédle (voda/organicka slozka) byla pouzita vyhiata ultrazvukova lazen. Vzorek
byl nasledné ochlazen po dobu 1 hodiny pii 4 °C pro precipitaci slozek placeba. Jako
rozpoustédlo vzorku byl testovan Cisty methanol, acetonitril, isopropanol a jejich smési
s vodou v pomé&ru 1:1. Smés acetonitrilu a vody poskytla nejvyssi uc¢innost a zaroven pii
jejim pouziti doSlo ke kompletni precipitaci slozek placeba na rozdil od vzorki
ptipravenych v Cistych rozpoustédlech. Pomér vody a acetonitrilu byl zménén na 8:2, ve
kterém jiz nebyly deformovany piky necistot K paracetamolu a E kodeinu. Snizeni
obsahu acetonitrilu vSak vedlo k delsimu casu (2,5 hodiny) potfebnému pro precipitaci
placeba pti 4 °C.

Nasledn¢ byl tedy vyvinut postup obsahujici odstranéni slozek placeba
vyttepanim rozpusténého vzorku do hexanu. Dva c¢ipky byly nejprve rozpustény
v ultrazvukoveé 1azni pii 37 °C v 10 mL 50% acetonitrilu. Vzorek byl nasledné tiepan
s 20 mL hexanu a nafedén 15 mL vody tak, aby vodna faze obsahovala 20 %
acetonitrilu. Nebyl pozorovan kvantitativni rozdil mezi vzorky pfipravenymi obéma
metodami odstranéni placeba. Pro vyrovnani zékladni linie a zvySeni vyteznosti byla
voda nahrazena oktansulfondtovym pufrem o pH 2,5 z mobilni faze. Rozpoustédlo
hydrolyzoval na necistotu K. Pfi pouziti pufru o hodnoté pH 3,5 a vyssi, vSak obsah
necistoty K klesal z diivodu jejiho vlastniho rozkladu. Necistota K byla stabilni pouze
v 50% methanolu jako rozpustédle vzorku. V tomto piipad€ vSak nebyl stabilni kodein
a obsah jeho necistoty C naristal velmi rychle (narast plochy piku o 54 % za 6 hodin).

Nakonec byl zvolen pufr o hodnoté pH 3,0 pro ptipravu rozpoustédla vzorku, pii jehoz

16



pouziti byl vzorek stabilni po dobu 24 hodin pifi 10 °C. Vyvinutou metodou byl
analyzovan vzorek Spasmopanu® ¢étyfi roky po jeho vyrobé (dva roky po expiraci).
Porovnanim vysledkl této analyzy s analyzami vstupnich surovin pro tuto konkrétni
SarZi byla necistota X potvrzena jako hlavni degrada¢ni produkt pitofenonu, jelikoZ jeji
obsah se zvysil 0 0,3 %. Zadné dalsi vyznamné degradanty ve vzorku identifikovany
nebyly, ¢imZ byla prokézédna stabilita paracetamolu a kodeinu v ¢ipkové 1ékové formé.
Test na spektralni Cistotu pikli byl v expirovaném vzorku vyhovujici pro vSechny Ctyfi
uéinné latky. Metoda tedy byla vhodna pro analyzu stabilitnich vzorki Spasmopanu®.
Analytickd metoda byla zvalidovana dle smérnice ICH [81] v rozsahu 0,003 % -
0,017 % pro necistotu K paracetamolu; 0,05 % - 0,17 % pro ostatni nezndmé necistoty
paracetamolu; 0,10 % - 1,51 % pro necistotu A kodeinu; 0,10 % - 0,65 % pro necistoty
B a E kodeinu; 0,10 % - 0,40 % pro necistotu C kodeinu a 0,10 % - 0,30 % pro ostatni
nezndmé necistoty kodeinu; 0,10 % - 0,65 % pro necistotu X pitofenonu a

0,10 % - 0,30 % pro ostatni neznamé necistoty pitofenonu.

2.2 Stanoveni obsahu necistot v tabletaich kombinujicich amlodipin besilat,
valsartan a hydrochlorothiazid

Vyvoj metody na stanoveni obsahu necistot amlodipinu, valsartanu a
hydrochlorothiazidu byl zaloZzen na separa¢nim mechanismu v reverzni fazi. Byla
zvolena gradientova eluce pufru v kyselé oblasti pH a acetonitrilu. Metody pro
stanoveni jednotlivych API v této kombinaci byly publikovany pfi pouziti pufri z celé
Skaly hodnot pH. V kyselé oblasti bylo dosaZeno pikil s nejlepsi symetrii. Pro vyvoj
metody byl pouzit vzorek tablet rozpusSténych pomoci ultrazvukové lazné v 60%
methanolu a spikovany necistotami A, B, C, hydrochlorothiazidu (dle Ph. Eur [8]),
neCistotami A, B, D, E, F, G amlodipin besilatu (dle Ph. Eur [8]) a necistotami
valsartanu B a C (dle Ph. Eur. [8]) a 07 a 09 (viz seznam zkratek). Pro dosazeni
dostate¢né retence polarniho hydrochlorothiazidu a jeho necistot musel gradientovy
program zacinat na nizkém obsahu acetonitrilu. Prvni slibné separace vSech necistot
bylo dosazeno na koloné¢ Acquity UPLC BEH Cg (100 x 2,1 mm, 1,7 um) pfi 25 °C

s gradientovou eluci 10 mM fosfore¢nanového pufru o pH 2,5 a acetonitrilu. Gradient
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zacinal na obsahu 95 % pufru a 5 % acetonitrilu a obsah acetonitrilu linedrn¢ vzrustal za
7 minut na 65 % pfi prutoku 0,4 mL/min. Davkovan byl 1,0 pL vzorku. Za téchto
podminek vSak nebylo dosazeno dostatecné citlivosti pro amlodipin a jeho necistoty. Pti
pouziti dvojnasobného objemu ndastfiku vzorku doSlo k deformaci pikt
hydrochlorothiazidu a jeho necistot B a A eluujicich na pocatku chromatogramu.
Metoda také uspokojivé neseparovala vSechny studované analyty. Necistota B
amlodipinu eluovala na chvostu piku valsartanu (piky cislo 19 a 20, obr. 3), ale tato
casteCna koeluce by byla vyfeSena pouzitim rozdilnych vinovych délek pro valsartan
(225 nm) a amlodipin (360 nm). Minoritni nezndmé necistoty (obsah < 0,05 %)
valsartanu koeluovaly s amlodipinem a caste¢né i s valsartanovou necistotou C (piky
¢islo 13, 14 a 16, 17, obr. 3).

Zvyseni obsahu acetonitrilu v pocate¢nich podminkach na 10 % ¢i 15 % vedlo ke
koeluci necistot B a A hydrochlorothiazidu a nemélo pozitivni vliv na jejich deformaci
pfi objemu nastiiku 2,0 pL. VysSi obsah acetonotrilu vedl ke koeluci necistot
hydrochlothiazidu A a B. Dostate¢cného rozdéleni vSech analyti bylo dosazeno
zpomalenim narGstu obsahu acetonitrilu béhem gradientového programu, zvysSenim
teploty na 30 °C a pouzitim kolony Zorbax Eclipse Cs RRHD (100 x 3,0 mm, 1,8 pm).
VéEtsi primér a objem kolony umoznily zvyseni objemu nastiiku vzorku, a tak dosazeni
dostatecné citlivosti metody. Detekéni vinové délky byly zvoleny na zdkladé¢ UV
spekter: 225 nm pro vlasartan jeho necistoty a necistotu D amodipinu, 360 nm pro
amlodipin a jeho ostatni necistoty a 271 nm pro hydrochlorothiazid a jeho necistoty.
Pouzitim riznych vlnovych délek byla zvySena selektivita metody pfedevSim pro
analyzu amlodipinovych necistot, jelikoz valsartan prakticky neabsorbuje zéafeni o
vlnové délce 360 nm. Pii stanoveni necistot amlodipinu tedy byly prakticky
eliminovany minoritni necistoty valsartanu (obsah < 0,05 %), jejichz zastoupeni je
v praxi velmi variabilni dle konkrétni Sarze API. Na obrazku 3 je znazornén
chromatogram spikovaného vzorku analyzovaného vyslednou chromatografickou

metodou.

18



0,550

> I
b -
0,400
0,250
2
0,100 1 3| © o ’
I D 'E7 23
J_MLQJ 7 sjloluz 1415 |18 ]\2021 24
‘0,050 . L ! ! 1 1 I I | | )
0 2 4 6 8 10 12

¢t (min)

Obr. 3 Chromatogram analyzy vzorku tablet kombinujicich amlodipin besilat (AMLO),
valsartan (VALS) a hydrochlorothiazid (HCTZ) spikovany necistotami A, B, C (HCTZ)
na hladine 1,0 %, necistotami A, B, D, E, F; G (AMLO) na hladinée 0,2 %, respektive
0,5 % pro necistotu D a necistotami B, C, 07 a 09 (VALS) na hladiné 0,2 %, respektive
0,3 % pro necistotu C. Rozpoustedlo vzorku: 1,6% H3;POu, acetonitril, methanol
v objemovéem pomeru 4/3/3. Analyzovano na systemu Waters UPLC H-Class. Kolona:
Zorbax Eclipse Cs RRHD 100 x 3,0 mm, 1,8 um. Teplota kolony.: 30 °C. Detekce: UV,
A = 225 nm. Mobilni faze: 10 mmol/L NH:HPO+/H3;PO4 pH 2,5 a acetonitril dle
gradientového programu [t(min)/acetonitril(%)]: 0/15, 11/75, 12/75, 12,5/15 a 15/15.
Pratok: 0,8 mL/min. Objem nastiiku: 2,0 uL. Identifikace pikii: 1 - besilat (AMLO),
2 - necistota B (HCTZ), 3 - necistota A (HCTZ), 4 - HCTZ, 5,7,8 - neznamé necistoty
(HCTZ), 6 - necistota 09 (VALS), 9 - necistota C (HCTZ), 10, 14, 17, 18 - neznamé
necistoty (VALS), 11 - necistota D (AMLO), 12 - necistota F (AMLO), 13 AMLO,
15 - necistota E (AMLO), 16 - necistota C (VALS), 19 - VALS, 20 - necistota B (AMLO),
21 - necistota G (AMLO), 22 - necistota 07 (VALS), 23 - necistota B (VALS),
24 - necistota A (AMLO). Neidentifikované piky pochdzeji z rozpoustédla vzorku a
mobilni faze.

V prvotné pouzitém rozpoustédle vzorku (60% methanol) byl hydrochlorothiazid
nestabilni, jelikoz obsah jeho nelistoty B nartstal velmi rychle (narist 65 % plochy
piku za 18 hodin pfi laboratorni teplot¢). Zaroven byla v tomto rozpoustédle vytéznost
neCistoty C hydrochlorothiazidu pouze 49 % pii méfeni na hladiné 0,1 %.

Hydrochlorothiazid byl stabilizovan pouzitim 1,6% H3POs4 misto vody v 60%
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methanolu. Vytéznost necistoty C se zvysila na 100 % pii pouziti 80% methanolu ¢i
60% acetonitrilu jako rozpoustédel vzorku. V téchto piipadech ovSem doslo k deformaci
pikil necistot B a A hydrochlorothiazidu vlivem elu¢ni sily rozpoustédel. Kombinaci
obou pfistupt bylo vyvinuto kone¢né rozpoustédlo vzorku obsahujici 1,6% H3POs,
acetonitril a methanol v objemovém poméru 4/3/3. Pii pouZiti tohoto rozpoustédla byl
vzorek stabilni po dobu 48 hodin pii 10 °C a vytéZnost necistoty C byla 100 % na
hlading 0,1 %.

Vhodnost metody pro analyzu stabilitnich vzorkli byla ovéfena provedenim
cilené degradacni studie. Vzorky zhomogenizovanych tablet byly vystaveny dennimu
svétlu (18 hodin pro jiz rozpustény vzorek), zvySené teploté (65 °C, 18 hodin) a vlhkosti
(65 °C, ImL H20, 18 hodin) a kyselému (50 °C, 3 mL 0,5M HCI, 2 hodiny), zasaditému
(50 °C, 2 mL 0,2M NaOH, 2 hodiny) a oxida¢nimu (50 °C, 3 mL 30% H202, 2 hodiny)
prostiedi. Degradacni produkty byly uspokojivé separovany (R > 1,2) a test spektralni
Cistoty pikt ucinnych latek byl ve vSech ptipadech vyhovujici. Byly potvrzeny hlavni
degradacni produkty jednotlivych U¢innych latek (necistota B hydrochlorothiazidu,
necistota D amlodipinu a necistota 09 valsartanu).

Analytickd metoda byla zvalidovana dle smérnice ICH [81] v rozsahu
0,05 % - 1,20 % pro necistoty A a B hydrochlorothiazidu, 0,10 % - 1,24 % pro
necistotu C hydrochlorothiazidu a 0,05 % - 0,30 % pro ostatni neznamé necistoty
hydrochlorothiazidu, 0,10 % - 0,66 % pro necistotu D amlodipinu a 0,10 % - 0,30 % pro
ostatni nezndmé necistoty amlodipinu, 0,05 % - 0,41 % pro necistotu C valsartanu a

0,05 % - 0,30 % pro ostatni nezndmé necistoty valsartanu.

2.3 Priprava monolitickych tenkych vrstev

Monolitické staciondrni fdze byly pfipraveny na brouSenych mikroskopickych
sklickdch o rozmérech 76 x 21 x 1 mm. Druhou ¢ast formy tvofilo extrudované
akrylatové plexisklo Plexiglas XT o tloustce 3 mm nafezané na desticky o rozmérech
76 x 21 mm. K oddé¢leni sklicka a plexisklové desticky bylo pouzito tésnéni Teflon FEP
o tloustkach 25, 50, 76 a 127 pm nafezané na prouzky o rozmérech 85 x 4 mm. Casti

formy byly k sobé upevnény po stranach s t€snénim Ctyfmi kancelafskymi svorkami.
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Kryci ¢ast formy musela byt z plexiskla, jelikoz pfi pouziti mikroskopického
podlozniho skla (silanizovaného i nesilanizovaného), se monolitické vrstvy navazovaly
na ob¢ c¢asti formy. Po polymerizaci nebylo mozné formu rozebrat bez poniceni
monolitické faze. V prvni fazi ptipravy bylo mikroskopické podlozni sklicko
silanizovano, aby se k nému mohl kovalentné navazat vznikajici monolit. Sklicko bylo
nejprve vloZzeno do 1M roztoku NaOH ve vodé pti laboratorni teploté na dobu 3 hodiny.
Poté bylo duakladné opldchnuto vodou, vlozeno na 30 minut do vodného roztoku
0,5M HCI, znovu dikladné oplachnuto vodou a vysuseno pti 120 °C po dobu 60 minut.
Suché skli¢ko bylo ponofeno na 2 hodiny do 20% roztoku 3-(trimethoxysilyl)propyl-
methakryldtu v methanolu. Reakce probéhla pti laboratorni teploté a za nepftistupu
svétla. Silanizované sklicko bylo dikladné oplachnuto methanolem a vodou a vysuseno
za nepfistupu svétla pii laboratorni teplot¢ po dobu minimalné 16 hodin. Nebylo-li
sklicko duikladné oplachnuto vodou, zlstaly na ném rezidua ze silanizacni reakce.
Necistoty na sklicku zpomalovaly v ur¢itych mistech profil kapaliny a vytvarely
v naplnéné form¢ bublinky vzduchu a pfipraveny monolit nebyl homogenni. Forma
byla ve svislé poloze naplnéna polymerizacni smési z pipety. Naplnénd forma byla
sklickem vzhtru vlozena pod UV lampu (30 W, 254 nm) ve vzdalenosti 50 mm od
zdroje zateni. Polymerizace typicky probihala po dobu 25 minut, poté byla forma
rozebrana a vznikly monolit byl promyt methanolem a hexanem.

Polymerizacni smés byla pfipravena do 5,0mL tmavé vialky. VSechny slozky
smési byly odvazovany. Inicidtor DMPAP byl nejprve rozpustén v monomerech (GMA,
HEMA, EDMA) v zastoupeni 1 % hm. vii¢i monomeriim a poté byly pfidany porogenni
slozky (cyklohexanol, propan-1-ol, dekan-1-ol, butan-1,4-diol). Smés byla
ultrazvukovéana po dobu 10 minut a probublavana dusikem po dobu 15 minut. Hotova
smés byla uchovavana pii 4 °C. V tabulce 1 jsou uvedena slozeni a vlastnosti smési S1

az S14 piipravenych a testovanych v ramci této prace.
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Z dat uvedenych v tabulce 1 je patrné, ze monolitickou desticku, kterd by byla
mechanicky odolnd, a tedy vhodna pro DAPPI ionizaci, a zarovenn dobfe propustna pro
vzlindni mobilni faze, se nepodafilo pfipravit. Mechanickd odolnost, leskly a hladky
povrch a pravdépodobné nizkd porozita, diky které¢ vzlinal hexan velmi pomalu, byla
dana pfitomnosti propan-1-olu v porogenni smési. Naopak mechanicky neodolny
monolit, kterym hexan navzlinal béhem dvou minut, byl pfipraven, pokud byl
v porogenni smési pouzit dekan-1-ol. Pii pouziti porogennich smési obsahujicich
kombinaci propan-1-olu a dekan-1-olu (smési S11 az S13) byly pfipraveny vrstvy, které
se zvySujicim se zastoupenim propan-1-olu byly mechanicky odolné, avSak se snizujici
se rychlosti vzlinani hexanu. Nebyl pozorovan vliv tloustky monolitické vrstvy na jeji
vlastnosti s vyjimkou pouziti 25um tésnéni, kdy nebylo mozné naplnit formu bez
piitomnosti bublin vzduchu.

K testovani ionizace technikou DAPPI byla proto pouzita S0um stacionarni faze
pfipravend z polymerizacni smési S3 (viz tabulka 1). Tato desticka vykazovala dobrou
mechanickou odolnost, a tak byla minimalizovdna pravdépodobnost poSkozeni MS
detektoru. Na obrazku 4 je zndzornéno hmotnostni spektrum verapamilu ziskané

ionizaci technikou DAPPI z monolitické tenké vrstvy.
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Obrazek 4 Hmotnostni spektrum 10mM verapamilu (M, = 454). Davkovany objem:
1,0 uL. lonizace DAPPI v pozitivnim modu z monolitické TLC desticky S3. Hmotnostni
spektrometr LTQ Orbitrap XL (Thermo Fisher Scientific). Vykon na sprejovacim
mikrocipu = 4,5 W. Teplota spreje 250 °C - 300 °C na povrchu desticky. Sprej:
toluen 10 uL/min a dusik 180 mL/min. Sprejovact uhel: 45 °. Teplota a napéti kapilary:
340 °C, 7,0 V. Napéti ve fragmentacni casti iontove optiky (Tube lens voltage): 44,9 V.

Ionizaci technikou DAPPI bylo naméfeno hmotnostni spektrum odpovidajici
molekulovému aduktu [verapamil+H]". Z monolitické tenké vrstvy byl ziskan ptiblizné
desetkrat vetsi signal nez z komer¢cni silikagelové TLC desticky (Merck TLC silica gel
monolitické stacionarni faze (50 um) oproti silikagelové desticce (cca 195 um). Diky
tenci vrstvé stacionarni faze bylo pro desorpéni sprej k dispozici vice analytu a byl
naméfen veEtsi signal. Vysokd teplota pfi ionizaci monolitickou stacionarni fazi nijak

viditeln€ neposkodila, a byla tak potvrzena jeji vhodnost pro techniku DAPPI.
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3. Zavér

V prvni ¢asti prace byly vyvinuty a validovany metody pro stanoveni Cistoty
1é¢ivych ptipravklt kombinujicich vice ucinnych latek. Metoda pro stanoveni obsahu
necistot v paracetamolu, kodein fosfit hemihydratu a pitofenon hydrochloridu
v pfitomnosti fenpiverin bromidu byla zaloZzena na iontové parové chromatografii a
standardni HPLC instrumentaci. Byl vyvinut postup pfipravy vzorku z ¢ipkové 1ékové
formy zajiSt'ujici dostateCnou vytéZnost necistot a stabilitu vzorku. Separace vSech
necistot bylo dosazeno i pii pouziti chromatografie v reverznim modu, avSak tato
metoda byla potvrzena jako nerobustni s ohledem na zmény pH a obsahu methanolu
v mobilni fazi. Analyzou vzorku ctyfi roky po jeho vyrobé byl potvrzen hlavni
degrada¢ni produkt pitofenon hydrochloridu a aplikovatelnost metody pro analyzu
stabilitnich vzorkd 1é¢ivého piipravku Spasmopan®. Obsah neéistot v tabletach
kombinujicich amlodipin besilat, valsartan a hydrochlorothiazid byl stanoven UHPLC
metodou v reverznim separaénim moédu. Postup pripravy vzorku z potahovanych tablet
byl vyvinut s ohledem na dostate¢nou vytéznost necistot, kompatibilitu s gradientovou
eluci a stabilitu vzorku. Cilenou degradac¢ni studii byly potvrzeny hlavni degradacni
produkty vSech tfi u¢innych latek a aplikovatelnost metody pro analyzu stabilitnich
vzorkid kombinovanych tablet.

V ramci druhé ¢asti prace byla metodika ptipravy monolitickych stacionarnich
fazi ve formé& tenkych vrstev realizovana v podminkach laboratofi Katedry analytické
chemie PiF UK. Po optimalizaci jednotlivych fazi pfipravy byly ziskdny homogenni
stacionarni faze navadzané na silanizované mikroskopické sklicko. Ptipravené
monolitické vrstvy byly na bazi methakrylatovych monomeri a polymerizace byla
iniciovdna UV zafenim. Byly pfipraveny mechanicky odolné desticky s hladkym a
lesklym povrchem, avSak se Spatnou propustnosti pro mobilni fazi. Stacionarni faze
vhodné pro pritok mobilni faze byly mechanicky velmi neodolné a nevhodné pro
ionizaci analytd metodou DAPPI. Z mechanicky odolné monolitické tenké vrstvy byl
ionizovan verapamil metodikou DAPPI s vyssi Gc¢innosti neZ z komeréni silikagelové

TLC desticky.
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Abstract

In the first part of this work, analytical methods for determination of impurities of
active pharmaceutical ingredients (API) in combined pharmaceutical dosage forms were
developed and validated. Development of the methods covered both the optimization of
sample preparation procedure and chromatographic conditions. The methods were
validated according to International Conference on Harmonization guideline and both of
them were confirmed to be able to analyze stability samples. Impurities in paracetamol,
codeine phosphate hemihydrate and pitophenone hydrochloride in the presence of fourth
API fenpiverinium bromide were separated by using ion-pair reversed phase
chromatography with gradient elution. Symmetry Cis, 250 x 4,6 mm, 5 um heated to
35 °C was used as a separation column. A diode array detector was used. The detection
wavelengths were set as follows: 220 nm for paracetamol impurity K, 245 nm for
paracetamol and its other impurities and 285 nm for codeine, pitophenone and their
impurities. Impurities in valsartan, amlodipine besylate and hydrochlorothiazide were
separated by reversed phase UHPLC method with gradient elution. Chromatographic
column Zorbax Eclipse Cs RRHD, 100 x 3,0 mm, 1,8 pm heated to 30 °C and
spectrophotometric detection were used. The detection wavelengths were set as follows:
225 nm for valsartan, its impurities and for impurity D of amlodipine besylate, 360 nm
and 271 nm for amlodipine, respectively hydrochlorothiazide and their impurities.

In the second part of this work, thin-layer monolithic stationary phases were
prepared on a glass holder. Polymerization mixtures contained glycidyl-methacrylate
and 2-hydroxyethyl-methacrylate (monomers), ethyleneglycol-dimethacrylate (cross-
linker), decan-1-ol, cyclohexan-1-ol, propan-1-ol and butan-1,4-diol (porogens) in
different ratios and 2,2-dimethoxy-2-phenyl-acetophenone as an initiator. Monolithic
layers were prepared in-situ (UV initiation, 254 nm) between plexiglass and silanized
glass layers separated by teflon gasket with defined thickness of 25, 50, 76 and 127 pm.
The main examined characteristic of the monolithic layers were their mechanical
stability and speed of capillary action of hexane depending on composition of
polymerization mixture. The selected monolithic layer was tested as a stationary phase

for mass detection with desorption atmospheric pressure photoionization (DAPPI).
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Aims of the work
The aim of the first part of this work was to develop analytical methods for
determination of impurities of active pharmaceutical ingredients in combined

pharmaceutical dosage forms. Two medicaments were chosen for this purpose:

« Spasmopan®, suppository dosage form, which combines paracetamol in content
of 500 mg, codeine phosphate hemihydrate in content of 19,2 mg, pitophenone
hydrochloride in content of 10 mg and fenpiverinium bromide in content of
0,1 mg per one suppository.

« Film-coated tablets, which combine valsartan in content of 320 mg, amlodipine
besylate in content of 10 mg and hydrochlorothiazide in content of 25 mg per

one tablet.

Development of the method covered optimization of both the sample preparation
procedure as well as chromatographic conditions. The key factors of the sample
preparation procedure were accuracy, repeatability, stability of the solutions,
compatibility with chromatographic conditions, simplicity and procedure time.
Chromatographic methods were optimized to achieve satisfactory selectivity, precision,
accuracy, range, sensitivity and robustness of methods. Methods were validated
according to ICH guideline. The ability of the methods to analyze stability samples were
confirmed by analysis of the expired batch of Spasmopan® and by forced degradation
study in the case of film-coated tablets.

The aim of the second part of this work was to prepare monolithic thin-layer
stationary phases, which would be suitable for mass spectrometry detection employing
desorption photoionization technique (DAPPI). The procedure of preparation of
monolithic thin layers was developed (inspired by published papers) in environment of
our laboratory. Prepared monoliths were methacrylate-based, because of possibility of
UV initiation and supposed application in normal chromatographic mode. The key
monitored characteristic were mechanical stability (necessary for DAPPI) and the speed

of capillary action of hexane as a mobile phase for chromatographic separation.



1. Introduction

1.1 Determination of impurities in combined pharmaceutical dosage forms

Liquid chromatography (LC) is probably the most widely used method for
determination of active pharmaceutical ingredients (API) and their impurities in
pharmaceutical analysis [1]. Massive development of HPLC during the second half of
20th century led to standardization of this method in the field of pharmaceutical
analysis. Selectivity and sensitivity of HPLC enabled the increased demands on quality
of APIs and medicaments. Methodology of LC including characteristic of HPLC and
UHPLC is generally described in European Pharmacopoeia [2].

Purity testing method of API and medicaments is one of the necessary parts of
pharmaceutical analysis and it is required by registration authorities. According to ICH
guideline the impurities of API and medicaments could be categorized as organic
impurities, inorganic impurities and residual solvents [3]. Inorganic impurities (e.g.,
heavy metals, salts) and residual solvents (e.g., acetonitrile, methanol, acetone) are
generally known substances (even toxicologically) entering into synthesis and
manufactory. Standardized methods (after verification) and limits from pharmacopoeias
could be used for determination of this impurities. Therefore, determination of this
impurities is not as challenging as determination of organic impurities [4,5].

Organic impurities are reactants, intermediates, side products and degradation
products. The structures of impurities could be estimated from supposed synthesis
pathway. ICH guidelines describe calculation of identification and qualification limits.
If the content of impurity is higher than the specified limit, it must be scientifically
identified or its biological safety must be qualified [3, 6]. Monographs in
pharmacopoeias usually content impurities of specified synthesis pathway and
sometimes even degradation products and their limits [7 - 11]. Variations in procedures
of APIs synthesis, content and formulation methodologies of medicaments of different
manufactures mean that pharmacopoeia’s methods must be verified and in the most

cases a new analytical method must be developed and validated.



Spasmopan® is a suppository dosage form, which combines four active
pharmaceutical ingredients: paracetamol, codeine phosphate hemihydrate, pitophenone
hydrochloride and fenpiverinium bromide. Paracetamol is a widely used analgesic and
antipyretic substance [12]. In combination with the analgesic and antimotolic effect of
codeine [13] and with the spasmolytic effect of pitophenone hydrochloride and
fenpiverinium bromide [14], paracetamol is used for treating pain and spasms in the
gastrointestinal system or bladder. Monographs are devoted to paracetamol and codeine
phosphate hemihydrate in Czech, European, British, American and Japanese
Pharmacopoeias [7 - 11].

As paracetamol is generally used in high doses and could be hepatotoxic [15], the
limits for the content of its main related substances 4-aminophenol, 4-nitrophenol and
4-chloracetanilid are not more than 0,005%, 0,05% and 0,001%, respectively [7 - 11]. In
dosage form, especially 4-aminophenol needs to be monitored because it is the main
degradation product of paracetamol [16] and could be nephrotoxic [17]. Although
paracetamol has been analyzed by variation of methods such as micellar electrokinetic
chromatography (MEKC) [18], micro emulsion liquid and micro emulsion
electrokinetic chromatography [19], fluorimetric spectroscopy [20, 21], NMR
spectroscopy [22, 23] and TLC [24, 25], HPLC methods with UV detection have
probably been the most widely used [26 - 31]. Amperometric detection coupled with
HPLC separation was also employed for determination of 4-aminophenol [32]. Codeine,
paracetamol and chlorpheniramine in combined dosage forms were determined by
stability-indicating HPLC methods [10, 33 - 35] and MEKC method was validated for a
combination of ibuprofen, codeine and their impurities [36]. However, analytical
methods have been focused rather on determination of codeine itself, especially in
mixtures of opium alkaloids [37 - 41], than on its impurities, as the related substances
method is defined by European Pharmacopoeia [8]. This method, however, does not
separate morphine and 10-hydroxycodeine. Pitophenone was analyzed as a part of
screening tests [42 - 45] and determined by spectrophotometric [46 - 47] and
chromatographic methods [48 - 51]. Unlike paracetamol and codeine no method has

been published to date for the determination of pitophenone hydrochloride impurities.



High blood pressure is a global health issue. It indirectly contributes to the deaths
of 9.4 million people every year all around the world as it is a key factor in deaths due
to heart disease and stroke [52]. Combined treatment of hypertension allows better
control of blood pressure compared with monotherapy in the majority of patients [53].
Valsartan reduces blood pressure through renin-angiotensin system. It causes
vasodilatation as an antagonist of the angiotensin II receptor. Hydrochlorothiazide treats
the symptoms of hypertension through its diuretic effect [12]. Amlodipine interferes
with calcium channels and thus reduces the calcium influx into cells. This reduction
leads to a vasodilatation effect and therefore to lower blood pressure [54]

Monographs employing the HPLC method for related substances are devoted to
valsartan, amlodipine besylate and hydrochlorothiazide in Pharmacopoeias [7 - 11]. The
triple combination of valsartan, amlodipine besylate and hydrochlorothiazide has so far
been analyzed only by assay methods [55]. The retention behavior of these drug
substances in reversed phase HPLC methods depends on the pH of mobile phase. If a
mobile phase with low pH value is used, the analytes elute in the order
hydrochlorothiazide, amlodipine and valsartan [56 - 64]. If weak acidic or neutral
conditions are used, the elution order of amlodipine and valsartan is reversed [65 - 68].
If neutral or basic buffer is used, valsartan is eluted first, followed by
hydrochlorothiazide, and amlodipine leaves the column last [69, 70]. Only two stability-
indicating assay methods have been published for this triple combination [57, 71].
However, no peak purity data and identification of degradation products were provided.
Determination of valsartan, amlodipine besylate and hydrochlorothiazide was also
performed by spectrophotometric methods [62, 72 - 74]. No stability-indicating
analytical method for quantitative purity testing and no UHPLC method, generally, were
found in the literature for combination of valsartan, amlodipine besylate and
hydrochlorothiazide [55]. The USP describes only an HPLC column and no more details

for the determination of organic impurities of this triple combination [9].
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1.2 Preparation of monolithic thin layers

Preparation of monolithic thin layers is one of current directions of still
continuously developing chemistry and technology of monolithic stationary phases [75].
Monolithic stationary phases are modern separation media with wide field of
application. In contrast with spherical stationary phases, monolithic materials are
formed by single piece of porous material, which completely full the mold.

Preparation of monoliths for thin-layer chromatography (TLC) started in 2004
when Svec, Fréchet at al. presented MALDI sample plate modified with monoliths [76].
In contrast with classical matrix (2,5-dihydroxybenzoic acid), monolithic phase
performed lower background for ionization of small molecules and better stability of
sampling plate compared with silica gel matrix [76]. In 2007 the procedure of
preparation of monoliths between two glass plates separated by teflon gasket was
published [77]. Polymerization was UV initiated. Composition of polymerization
mixture (butyl-methacrylate 24 %, ethyleneglycol-dimethacrylate 16 %, decan-1-ol 40
% and cyclohexanol 20 %), was taken from preparation of capillary columns. However,
the photography from scanning electron microscope revealed different morphology of
surface of monolithic layer in comparison with the globular structure in the middle of
layer. Compact and non-porous surface of monolith was formed on the side, which was
in contact with non-silanized glass [77].

Smooth surface of the monolith was suitable for separation of dyes and
macromolecules and their ionization by MALDI [77], but its contact angle with water
was only 77 ° [78]. Required superhydrophobic characteristic was achieved when
silanized glass was used as a cover plate. In this case monolith has rough and globular
surface and its contact angle with water was 154 °. Although both glasses were
silanized, monolithic stationary phase was preferably attached on the plate closer to UV
lamp. Consequently, monolith was modified with hydrophilic monomers and used for
two-dimensional chromatography of peptides using DESI ionization and MS
detection [78]. Similar procedure was applied for preparation of monoliths based on

glycidyl methacrylate [79] and styrene [80] used for connection of TLC-MS.
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2. Results and discussion

2.1 Determination of impurities in Spasmopan®

Although methods for related substances of paracetamol and codeine are based on
ion-pair chromatography [8,9], the first attempt was made to develop a fast and novel
method without an ion-pair reagent, which would avoid interferences caused by
possible impurities from the ion-pair reagent. Two suppositories were dissolved in 50%
acetonitrile (see below) and this sample was spiked with impurities F, J and K of
paracetamol (according to Ph. Eur. [8]) and impurities of pitophenone KHBB,
MeKHBB, X and PEE (see the list of abbreviations). Impurities of codeine phosphate
hemihydrate A, C and E (according to Ph. Eur. [8]) were present naturally in the sample.
This sample was used for development of the method. Separation of all the impurities
and drugs was achieved using ACE 3 Cis, 150 x 4,9 mm, 3 um particle size column at
25 °C and gradient elution with phosphate buffer (10 mM, pH 7,0), acetonitrile and
methanol. The chromatogram of this analysis and instrumental settings are shown in
Figure 1. However, this method was found to be insufficiently robust to changes in the
pH of the buffer (£0.1) and in the content of methanol during gradient programme
(£2 %). Because of the number of impurities to be separated in 20 min, there were
several critical pairs which were resolved only under specific conditions. In addition,
the peak shape of the last impurity in the chromatogram (impurity PEE of pitophenone)
was not satisfactory (USP tailing factor = 2.2). Other columns with similar dimensions
(e.g. Gemini Ci3, YMC ODS-A, Zorbax ODS-A, Kinetex Cis, Zorbax Eclipse Cig) were
also tested under these conditions and all of them yielded similar elution profiles to
column ACE 3, but with lower selectivity. Zorbax Aqua Cis column exhibited very
different selectivity (especially for paracetamol impurities), but with even more

unresolved pairs of peaks.
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Figure 1 Chromatogram of the sample solution of Spasmopan® spiked with impurities
of paracetamol J (level 0,2%), F (level 0,3 %) and K (level 0,2%) and pitophenone
impurities KHBB, X, MeKHBB and PEE at levels 0,2 %. Analysis was performed at
HPLC system Waters Alliance 2695. Sample solvent: 50% acetonitrile. Separation
column: ACE 3 Cis 150 x 4,6 mm, 3 um. Column temperature: 25 °C. Injection volume:
5 uL. Detection: UV, A = 225 nm. Mobile phase: 10mmol/L. NH;H:PO4/(NH4):HPOq
buffer of pH 7,0. Flow-rate: 0,8 mL/min. Gradient programme: [t(min)/acetonitrile(%)/
methanol %)] 0/5/5, 5/15/5, 25/85/0, 26/5/5, 35/5/5. Peak identification:1 - impurity K,
2 - paracetamol, 3, 5, 8 - unknown impurities of paracetamol, 4 - impurity KHBB,
6 - impurity E, 7 - impurity X, 9 - codeine, 10 - impurity C, 11 - impurity F
12 - fenpiverinium, 13 - impurity A, 14 - impurity J, 15 - unknown impurity of codeine,
16 - impurity MeKHBB, 17 - pitophenone, 18 - impurity PEE. Unidentified peaks
belong to sample solvent and mobile phase.

As development of the method without an ion-par reagent was not successful (see
above), an ion-pair reversed phase HPLC method from our previous work [unpublished
data] was tested. This method, which was suitable for combination of paracetamol and
codeine used a Symmetry Cig (250 x 4,6 mm, 5 pm) column heated to 35 °C and
gradient elution of sodium 1-octanesulfonate buffer at pH 2.,5 with acetonitrile and
methanol as follows [#(min)/acetonitrile(%)/methanol(%)] 0/10/5, 15/15/5, 28/25/5,
38/35/5, 40/10/5, 50/10/5. However, the majority of the peaks from the spiked sample of

Spasmopan® were not satisfactorily resolved under these conditions, as almost all the
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impurities were eluted between 26 and 44 min. The column, its temperature and the
buffer composition were kept constant, but the gradient programme was modified.
Several critical pairs of compounds, i.e., impurity K and an unknown minor impurity of
paracetamol; impurities of codeine C and A; and fenpiverinium and an impurity of
pitophenone X were monitored carefully to achieve sufficient resolution. Gradients,
which started with 80% buffer, resulted in poor retention of impurity K, which co-eluted
with the solvent peaks and other minority impurities of paracetamol. Similar to the non-
ion-pair reversed phase method, retention of codeine and its impurities was very
sensitive to the ratio of methanol and acetonitrile in the mobile phase (a higher volume
of methanol led to longer retention). After testing several gradients, the final gradient
programme without the presence of methanol, starting with the same content of buffer
and with the faster first part of the gradient (compared to the original gradient) was
developed. Under the final conditions, all the compounds were successfully resolved
(R > 1,7) for any pair of peaks and an excellent peak shape was also achieved for all the
impurities (1,0 < USP tailing factor < 1,1). The chromatogram of analysis of spiked

sample obtained under final chromatographic conditions is shown in Figure 2.
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Figure 2 Chromatogram of analysis of sample solution of Spasmopan® spiked with
impurities F, J and K of paracetamol and KHBB, X, MeKHBB and PEFE of pitophenone
at level 0,2 %. Sample solvent: 50% acetonitrile. Separation column: Symmetry Cis,
250 x 4,6 mm, 5 um. Column temperature: 35 °C. Injection volume: 10 uL. Detection:
UV, L = 220 nm. Mobile phase: component A - buffer: sodium I-octanesulfonate
(1,33 g/L), pH 2,5 adjusted with 85% H3POs, component B - acetonitrile; component
C - methanol. Flow-rate:1,0 mL/min. Gradient programme [t(min)/acetonitril(%)/
methanol(%)]: 0/10/5, 15/15/5, 28/25/5, 38/35/5, 40/10/5, 50/10/5. Peak identification:
1 - paracetamol, 2, 3, 4 - unknown impurities of paracetamol, 5 - impurity K,
6 - impurity E, 7 - codeine, 8 - impurity F, 9 - impurity KHBB, 10 - impurity C,
11 - impurity A, 12 - impurity J, 13 - impurity X, 14 - impurity MeKHBB,
15 - fenpiverinium, 16 - impurity PEE, 17 - pitophenone.

The peaks of impurity K of paracetamol and impurity E of codeine were distorted
due to elution power of 50% acetonitrile. When compatible sample solvent was used the
peaks were symmetric in retention times of second parts. Therefore, impurity K was
resolved from unknown impurity of paracetamol. The peak eluting before this unknown
impurity belonged to sample solvent and disappeared after addition of sodium
I-octanesulfonate solution into the sample solvent and after proper equilibration of the
column. Unidentified peak eluting between codeine impurity A and paracetamol
impurity J (peak numbers 11, 12, Fig. 2) was confirmed as degradation impurity of

reference substance of paracetamol impurity F. This degradation product was not
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present in freshly prepared spiked sample. The unknown impurity of codeine (peak
number 15, Fig. 1) eluted standardly in this retention time. Selectivity of the method for
impurity B of codeine (eluting before impurity E) was confirmed before validation due
to unavailability of reference material. Other unidentified peaks belonged to sample
solvent and mobile phase. Detection wavelengths were set (based on UV spectra) as
follows: 220 nm for impurity K, 245 nm for paracetamol and its other impurities and
285 nm for codeine, pitophenone and their impurities.

The suppository is a complicated dosage form to analyze because it contains a
large amount of non-polar placebo components which need to be removed to protect the
column. However, suppositories melt at 37°C so that a heated ultrasonic bath was used
to disintegrate them in water/organic modifier mixture and then the sample was cooled
in a refrigerator to precipitate the placebo components (1 hour, 4 °C). Pure methanol,
acetonitrile and isopropanol and their mixtures with water in ratios of 1:1 were tested as
solvents. The mixture of acetonitrile and water provided the best accuracy for the drugs
and the placebo components precipitated completely, unlike in the pure organic
solvents. The ratio of water and acetonitrile in the sample solvent had to be changed to
8:2 due to the peak shape of impurities K and E. At this ratio, precipitation of the
placebo components took at least 2,5 hours in the refrigerator.

Consequently, the procedure employing extraction of placebo into hexane was
developed. Two suppositories were dissolved in 10 mL of 50% acetonitrile using
ultrasonic bath at 37 °C. Then the sample was shaken with 20 mL of hexane and diluted
with 15 mL water to achieve 20% content of acetonitrile in the sample solution. No
quantitative difference was observed between these two removal methods. Water in the
sample solvent was subsequently replaced by sodium 1-octanesulfonate buffer from the
mobile phase (pH 2,5) to avoid incompatibilities between the mobile phase and sample
solvent. However, at this pH, the amount of impurity K in the sample solution increased
continuously due to hydrolysis of the paracetamol. On the other hand, at higher pH
values (pH > 3,5) the amount of impurity K in the sample solution decreased
continuously due to its decomposition. The mixture of water and methanol (1:1) was the

only solvent in which impurity K was stable. However, in this sample solvent, codeine
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was found to be unstable, as the amount of impurity C in the sample solution increased
rapidly (54% of peak area after 6 h). Finally, the sample solvent containing the buffer
with pH 3.0 was chosen since the sample in this buffer was stable for up to 24 hours.
The batch of Spasmopan® four years after manufacturing (two years after its
expiration date) was analyzed under final chromatography conditions. The content of
impurity X increased by 0,3 % compared to its content in API, which was used for
manufacturing and thus impurity X was confirmed as the main degradation product of
pitophenone hydrochloride. Codeine phosphate hemihydrate and paracetamol were
found to be stable in suppository dosage form, as no significant increase in their
impurities was observed. The peak purity test was successfully met for all the principal
peaks of the drugs in analysis of the expired batch and confirmed their spectral
clearness. Therefore, the method was suitable for analysis of stability samples of
Spasmopan®. The method was validated according to ICH guideline [81] in the range:
0,003 % - 0,017 % for paracetamol impurity K, 0,05 % - 0,17 % for other unknown
impurities of paracetamol, 0,10 % - 1,51 % for codeine impurity A, 0,10 % - 0,65 % for
codeine impurities B and E, 0,10 % - 0,40 % for codeine impurity C, 0,10 % - 0,30 %
for other unknown impurities of codeine, 0,10 % - 0,65 % for pitophenone impurity X

and 0,10 % - 0,30 % for other unknown impurities of pitophenone.

2.2 Determination of impurities in valsartan, amlodipine besylate and
hydrochlorothizide in combined tablets

The reversed phase UPLC method with gradient elution of the mobile phase
consisting of low pH phosphate buffer and acetonitrile was chosen as a default
chromatographic system. Chromatographic methods for determination of this APIs were
performed using buffers from the whole range of pH values. The best peak shapes were
achieved at acidic pH. Homogenized tablets were dissolved in 60% methanol using
ultrasonic bath and spiked with impurities A, B and C of hydrochlorothiazide (according
to Ph. Eur. [8]), amlodipine impurities A, B, D, E, F and G (according to Ph. Eur. [8])
and valsartan impurities B, C (according to Ph. Eur. [8]), 07 and 09 (see the list of

abbreviations). To achieve satisfactory retention of highly polar hydrochlorothiazide, the
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gradient had to start with a low content of acetonitrile. The first promising separation
was achieved on an Acquity UPLC BEH Cs 100 x 2,1 mm, 1,7 um column at 25 °C
with a linear gradient of 95% of 0.01 M ammonium dihydrogen phosphate buffer pH
2,5 and 5% acetonitrile at the beginning to 35% of the buffer and 65% acetonitrile after
7 min (flow rate 0.4 mL/min) with injection volume of 1,0 uL. However, satisfactory
sensitivity for amlodipine and its impurities was not achieved with this injection
volume. Double injection volume led to distortion of the peaks of hydrochlorothiazide
and its impurities B and A, which eluted at the beginning of the chromatogram.
Satisfactory resolution of all the peaks was not also achieved. Amlodipine impurity B
eluted on the tail of valsartan peak (peak numbers 19, 20, Fig. 3). This partial co-elution
could be resolved by using different detection wavelengths for valsartan (225 nm) and
amlodipine (360 nm). Minor unknown impurities of valsartan (content < 0,05 %) also
co-eluted with amlodipine and with valsartan impurity C (peak numbers 13,14 and
16,17, Fig. 3).

The gradient programme starting with 10 or 15 % of acetonitrile resulted in better
peak shapes for hydrochlorothiazide impurities, but they were still partly distorted even
when 1 min of isocratic elution was added into the program. A higher content of
acetonitrile at the start of the gradient program led to co-elution of hydrochlorothiazide
impurities. Satisfactory separation of all the analytes was achieved by using separation
column Zorbax Eclipse Cs RRHD (100 x 3,0 mm, 1,8 um) heated to 30 °C and eluting
analytes by slower gradient programme. Higher column volume enabled injection
volume of 2,0 uL and thus required sensitivity of the method was achieved. Detection
wavelengths were set (based on UV spectra) as follows: 220 nm for valsartan, its
impurities and impurity D of amlodipine, 360 nm for amlodipine and its other
impurities and 271 nm for hydrochlorothiazide and its impurities. Different wavelengths
enhanced selectivity of the method especially for amlodipine impurities. Valsartan
practically does not absorb UV light at 360 nm. Therefore, determination of amlodipine
impurities was not interfered at all by minor valsartan impurities (content < 0,05 %),
which amount was very variable in dependance on the batch of API. Chromatogram of

spiked sample obtained under final chromatographic conditions is shown in Figure 3.
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Figure 3 Chromatogram of analysis of tablets combining amlodipine besylate (AMLO),
valsartan (VALS) and hydrochlorothiazide (HCTZ) spiked with impurities A, B, C
(HCTZ) at level 1,0 %, impurities A, B, D, E, F, G (AMLO) at level 0,2 %, respectively
0,5 % for impurity D and impurities B, C, 07 and 09 (VALS) at level 0,2 %, respectively
0,3 % for impurity C. Sample solvent: 1,6% H3POy, acetonitrile, methanol in volume
ratio of 4/3/3. Analysis was performed at chromatographic system Waters UPLC
H-Class. Separation column: Zorbax Eclipse Cs RRHD 100 x 3,0 mm, 1,8 um. Column
temperature: 30 °C. Detection: UV, 225 nm. Mobile phase: 10 mmol/L NH.H>PO4/
H3;PO4 pH 2,5 and acetonitrile, gradient programme [t(min)/acetonitril(%)]: 0/15,
11/75, 12/75, 12,5/15 a 15/15. Flow-rate: 0,8 mL/min. Injection volume: 2,0 uL. Peak
identification: 1 - besylate (AMLO), 2 - impurity B (HCTZ), 3 - impurity A (HCTZ),
4 - HCTZ, 5,7,8 - unknown impurities (HCTZ), 6 - impurity 09 (VALS), 9 - impurity C
(HCTZ), 10, 14, 17, 18 - unknown impurities (VALS), 11 - impurity D (AMLO),
12 - impurity F (AMLO), 13 AMLO, 15 - impurity E (AMLO), 16 - impurity C (VALS),
19 - VALS, 20 - impurity B (AMLO), 21 - impurity G (AMLO), 22 - impurity 07 (VALS),
23 - impurity B (VALS), 24 - impurity A (AMLO). Unidentified peaks belong to sample
solvent and mobile phase.

Originally 60% methanol was used as a solvent. It was found, however, that
hydrochlorothiazide is quite unstable in this solvent, as the area corresponding to its
impurity B increased rapidly (65% of area after 18 h at laboratory temperature). In
addition, the recovery of hydrochlorothiazide impurity C in 60% methanol was only

49 % at concentration level 0,1 %. Degradation of hydrochlorothiazide to its impurity B
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was stopped by using a 1.6% solution of ortho-phosphoric acid instead of water in 60%
methanol. The recovery of impurity C improved up to 100 % when 80% methanol or
60% acetonitrile were used as solvents. However, the peaks of hydrochlorothiazide and
its impurities were distorted when these sample solvents were used. Consequently, the
combination of the two variants led to a final sample solvent consisting of a 1.6%
solution of ortho-phosphoric acid, acetonitrile and methanol in a volume ratio of 4/3/3.
Using this sample solvent, sample solution was found to be stable in for up to 48 h at
10 °C and recovery of hydrochlorothiazide impurity C was 100 % at concentration level
0,1 %.

Forced degradation study was performed to confirm the ability of the method for
analyzing the stability samples. Homogenized tablets were stressed under following
conditions: daylight (18 hours for dissolved tablets), higher temperature (65 °C,
18 hours), higher humidity (65 °C, 1 mL of H20O, 18 hours), acidic ( 50 °C, 3 mL of
0,5M HCI, 2 hours), alkaline (50 °C, 2 mL of 0,2M NaOH, 2 hours), oxidative (50 °C,
3 mL of 30% H202, 2 hours). All the degradation products were satisfactory separated
(R > 1,2) and the peak purity test was met for all the peaks of APIs. The main
degradation products were confirmed (impurity B for hydrochlorothiazide, impurity D
for amlodipine and impurity 09 for valsartan).

The method was validated according to ICH guideline [81] in the range:
0,05 % - 1,20 % for hydrochlorothiazide impurities A and B, 0,10 % - 1,24 % for
hydrochlorothiazide impurity C, 0,05 % - 0,30 % for other unknown impurities of
hydrochlorothiazide, 0,10 % - 0,66 % for amlodipine impurity D, 0,10 % - 0,30 % for
other unknown impurities of amlodpine, 0,05 % - 0,41 % for valsartan impurity C and

0,05 % - 0,30 % for other unknown impurities of valsartan.

2.3 Preparation of monolithic thin layers

Monolithic stationary phases were prepared on microscopic glass plate with
dimension of 76 x 21 x 1 mm. The second part of the form was acrylate plexiglass
Plexiglas XT ( 3 mm thick) cut on plates with dimensions of 76 x 21 mm. Teflon FEP

films with thicknesses of 25, 50, 76 and 127 um cut on strips with dimensions
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of 85 x 4 mm were put between glass and plexiglass plates. The form was held together
with four office clips. Cover plate had to be plexiglass because using microscopic glass
(silanized or non-silanized) led to adhesion of the monolith on the both parts of the
form. After completed polymerization it would be unable to disassemble the form
without destroying the monolith. In the first part of the preparation procedure the glass
plate was silanized to enable covalent bonds between the monolith and glass. The plate
was put into 1M NaOH for 3 hours at laboratory temperature. After that the glass plate
was rinsed with water and put into 0,5M HCI for 30 minutes and rinsed with water
again. The glass plate was dried at 120 °C for 2 hours and put into 20% solution of
3-(trimethoxysilyl)propyl methacrylate in methanol for another two hours in dark at
laboratory temperature. Silanized glass plate was rinsed with methanol and water and
dried in dark at laboratory temperature for at least 16 hours. If the silanized glass plate
was not rinsed with water thoroughly, residuals from silanization left on the plate. The
impurities stopped flowing of polymerization mixture during the filling the form. In this
case a lot of air gaps were present in filled form and prepared monolith was not
homogenous. The form was filled vertically using automatic pipette. After that, the form
was put (the glass part up) under the UV lamp (30 W, 254 nm). The distance between
the form and lamp was 50 mm. Typical polymerization time was 25 minute, then the
form was disassembled and monolithic layer was rinsed with methanol and hexane.
Polymerization mixtures were prepared into 5,0mL glass wvials. All the
components were weighed. Initiator DMPAP was dissolved in monomers (GMA,
HEMA EDMA) in amount of 1 % with respect to monomers and then the components
of porogenic mixture (cyclohexanol, propan-1-ol, decan-1-ol and butan-1,4-diol) were
added. The mixture was sonicated for 10 minutes and purged with nitrogen for
15 minutes. The polymerization mixtures were stored at 4 °C. Compositions and

characteristics of monolithic layers prepared in this work are shown in Table 1.
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According to data from Table 1, the monolithic thin layer which would be
mechanically stable, and therefore suitable for ionization by DAPPI, while it would
also provide good porosity for fast traveling of the mobile phase, was not prepared.
Mechanical stability, smooth and shiny surface and probably poor porosity causing slow
capillary action of hexane was determined by the presence of propan-1-ol in the
porogenic mixture. On the contrary, mechanically unstable monolith, but suitable for
chromatography (time of travel of hexane around 2 minutes) was prepared when
decan-1-ol was used in the porogenic mixture. Porogenic mixtures combining propan-1-
ol and decan-1-ol (mixtures S11 - S13) led to series of layers with increasing
mechanical stability as content of propan-1-ol increased, but with decreasing amount of
decan-1-ol the time necessary for traveling of hexane was increasing. Thickness of
monolithic layer defined by thickness of teflon gasket had no influence on monolith
characteristic such as mechanical stability and throughput for mobile phase. However,
the form separated by gasket with thickness of 25 um was not possible to fill without air
bubbles.

Monolithic layer (mixture S 3, Tab. 1) with thickness of 50 um was used to
evaluate the possibility of ionization by DAPPI technique from monolithic stationary
phases. This monolithic layer had good mechanical stability and thus the probability of
damage of MS detector was minimized. Mass spectrum of verapamil obtained by

ionization with DAPPI from monolithic thin layer is shown in Figure 4.
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Figure 4 Mass spectrum of 10mM verapamil (M, = 454). Injection volume: 1,0 ulL.
Ionization DAPPI at positive mode from monolithic TLC plate S3 (see Tab 1). Mass
spectrometer LTQ Orbitrap XL (Thermo Fisher Scientific). Power on spray microchip:
4,5 W. Temperature of spray: 250 °C - 300 °C on the surface of plate. Spray:
toluen 10 ulL/min and nitrogen 180 mL/min. Spray angle: 45 °. Temperature and
voltage of capillary: 340 °C, 7,0 V. Tube lens voltage: 44,9 V.

The mass spectrum corresponding to molecule adduct [verapamil+H]" was
obtained by ionization with DAPPI technique. Approximately ten-times higher response
was obtained by ionization from monolithic thin layer than commercial silica gel plate
(Merck TLC silica gel 60 Fas4 MS-grade). Better efficiency of ionization was probably
managed due to different thicknesses. Monolithic layer was significantly thinner than
silica gel plate (50 pm versus 195 um) and thus bigger amount of verapamil was
available for ionization. High temperature during ionization did not damage the

monolithic layer and thus the layer was confirmed as suitable for DAPPI technique.
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3. Conclusion

In the first part of this work the methods for determination of impurities in
combined pharmaceutical dosage forms were developed and validated. The method for
separation of impurities in paracetamol, codeine phosphate hemihydrate and
pitophenone hydrochloride in presence of fenpiverinium bromide was based on ion-pair
reversed phase chromatography using HPLC technology. The procedure of sample
preparation from suppository dosage form was developed to achieve satisfactory
accuracy of impurities and stability of the sample solution. Separation of all impurities
and APIs was achieved also in reversed phase chromatography mode. However, this
method was found to be insufficiently robust to changes in pH of the buffer and in the
content of methanol in mobile phase. The main degradation product of pitophenone was
identified by the analysis of the batch of Spasmopan® four years after manufacturing. In
addition due to this analysis, the method was confirmed as suitable for analysis of
stability samples. Content of impurities in tablets combining amlodipine besylate,
valsartan and hydrochlorothiazide was determined by reversed-phase UHPLC method.
The procedure of sample preparation was developed with respect to satisfactory
accuracy of impurities, compatibility with chromatographic conditions and stability of
the sample solution. The forced degradation study of the method was performed. The
main degradation products of all three APIs were identified and the method was
confirmed as suitable for analysis of stability samples

In the second part of this work methodology of preparation of monolithic
thin-layer stationary phases was realized in laboratory environment of Department of
Analytical Chemistry (Faculty of Science, Charles University in Prague). Homogenous
monolithic layers attached on silanized glass plate were prepared after optimization of
preparation steps. Prepared monolithic layers were based on methacrylate and
polymerization was initiated with UV light. Mechanically stable layers with smooth
shiny surface were not throughput for mobile phase. On the contrary, layers with good
porosity were very fragile and unsuitable for ionization of molecules by DAPPI
technique. Verapamil was successfully ionized by DAPPI from mechanically stable

monolithic layer with higher efficiency then from commercial silica gel TLC plate.
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