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Burden of potentially harmful effects of analytical techniques used in pharmaceutical analysis
on human health and environment has recently shown a dramatic increase (1). Therefore, analytical
methods able to minimize the production of hazardous waste and use less energy are developing.
Reversed-phase high performance liquid chromatography (RP-HPLC) is the most frequently used
technique in determination of various compounds, due to its representative analytical features (2).
However, RP-HPLC is associated with a substantial amount of waste. Simultaneously, pharmaceutical
industry seeks for technologies that produce high resolution within a reduced analysis time without
loss of separation efficiency (3). Using fully porous sub-2-pum stationary phase particles provides better
resolution in comparison to traditional HPLC stationary phases. However, it causes high column
backpressure and thus initiated development of ultra high performance liquid chromatography
(UHPLC) instruments. Along with reduced particle size, UHPLC uses shorter columns, which leads to
diminished analysis time and minimized production of waste comparing to HPLC. In that respect,
UHPLC method for separation of dronedarone hydrochloride and its degradation products was
developed utilizing experimental design methodology. Model mixture was selected to cover diversity in
physicochemical characteristics. Compounds’ varying polarity represents a challenge from the
analytical point of view. Dronedarone hydrochloride is lipophilic, thus requires substantial amounts of
organic solvent for its elution. In that respect, there is a recognized need for developing a
chromatographic method able to separate the aforementioned compounds with reduced organic
solvent consumption and/or analysis time. Preliminary experiments determined factors with
significant influence on retention. These factors, namely the initial and final content of acetonitrile and
time of gradient were varied according to central composite design. The goal was to achieve satisfying
separation between critical peak pairs. Firstly, mathematical models for the time of start and end of
peak of each critical pair were obtained. Afterwards, the separation factor (S) standing for the distance
between peaks in one critical pair was indirectly modelled. An appropriate separation is achieved if S is
higher than zero, which was accomplished with the initial content of acetonitrile of 6% (v/v), the final
content of acetonitrile of 50% (v/v), and the gradient duration of 5 min. Ecological acceptability of
UHPLC method was evaluated with green analytical procedure index (GAPI), which confirmed eco-
friendliness. GAPI showed that the most critical segment is the sample collection and that the
advantage should be given to UHPLC over HPLC in terms of energy saving.
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Opterecenje Stetnim uticajem analitickih tehnika koje se koriste u farmaceutskoj
analizi na zdravlje ljudi i Zivotnu sredinu je dozivelo dramatican porast (1). Iz tog razloga,
razvijaju se metode koje generiSu manje Stetnog otpada i koriste manje energije. Reverzno-
fazna te¢na hromatografija pod visokim pritiskom (RP-HPLC) je najceS¢e koriS¢ena tehnika u
odredivanju razli¢itih jedinjenja, zahvaljujuéi svojim reprezentativnim analitickim
osobinama (2). Sa druge strane, primenom RP-HPLC proizvode se znacajne koli¢ine otpada.
U isto vreme, farmaceutska industrija je u potrazi za tehnikama, koje ¢e obezbediti visoku
rezoluciju u redukovanom vremenu trajanja analize, bez gubitka efikasnosti razdvajanja (3).
KoriS¢enjem stacionarnih faze sa potpuno poroznim cesticama veli¢ine ispod 2 pm
obezbeduje bolju rezoluciju u poredenju sa tradicionalnim HPLC stacionarnim fazama.
Medutim, one dovode do visokih pritisaka, koji su kompatibilni sa instrumentima za
izvodenje hromatografije pod veoma visokim pritiskom (UHPLC). UHPLC instrumenti koriste
viSe pritiske u kraé¢im kolona sa smanjenom veli¢inom cestica, Sto dovodi do kraéeg trajanja
analize i manje produkcije otpada nego kod HPLC. UHPLC metoda za razdvajanje dronedaron
hidrohlorida i degradacionih proizvoda razvijena je KkoriS¢enjem metodologije
eksperimentalnog dizajna. Model smes$a je odbrana kako bi se pokrile raznovrsne fizic¢ko-
hemijske osobine. Razli¢ita polarnost ispitivanih jedinjenja predstavljala izazov sa aspekta
analitike. Dronedaron hidrohlorid je lipofilan, pa je za njegovo eluiranje potrebna znacajna
koli¢ina organskog rastvaraca. Prema tome, postoji potreba za razvojem hromatografske
metode za razdvajanje ovih jedinjenja sa redukovanom upotrebom organskog rastvaraca i/ili
smanjenim trajanjem analize. Preliminarni eksperimenti su odredili faktore sa znacajnim
uticajem na retenciju. Ovi faktori, pocetni i krajnji udeo acetonitrila i vreme trajanja
gradijenta su varirani prema centralnom kompozicionom dizajnu. Cilj je bio da se postigne
zadovoljavajuce razdvajanje izmedu kriticnih parova. Prvo su dobijeni matematicki modeli
za vreme pocetka i kraja pika svakog kriticnog para. Nakon toga, indirektno je modelovan
separacioni faktor (S), koji predstavlja razdaljinu izmedu dva pika jednog kriti¢nog para. Do
odgovarajuéeg razdvajanja dolazi ukoliko je S veci od 0, Sto se postiZe sa poCetnim udelom
acetonitrila od 6% (v/v), krajnjim udelom acetonitrila od 50% (v/v) i trajanjem gradijenta
od 5 minuta. EkoloSka prihvatljivost UHPLC metode je potvrdena odredivanjem indeksa
ekoloske prihvatljivosti analiticke procedure (GAPI). GAPI je pokazao da je najkriti¢niji
segment prikupljanje uzorka, kao i da u pogledu energetske ustede prednost nad HPLC treba
dati UHPLC metodi.
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