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Mnogokrat se sprasujemo, kaj nas vodi v uspe$no prihodnost. Ceprav je na to vprasanje veliko zelo razli¢nih
odgovorov, pa je vsekakor najpogostejsi: znanje in sposobnosti. Danes je povsod prisotna zavest o tem, da le
znanje in trdo delo tlakujeta pot k uspehu. V obdobju, ko novi izdelki in tehnologije omogocajo skokovit in
hiter napredek, pa je pomembno poudariti tudi sposobnost hitrega ucenja in prilaganja. Bolj kot kadarkoli v
preteklosti, je pomembno, da se pogosto in odgovorno sprasujemo, ali hodimo v pravi smeri, ali nase hipo-
teze drzijo, ali je podrocje nasega dela ustrezno ali je cilj resni¢no pravi. Uspehe pri raziskovalnem delu zato
omogoca kombinacija mladosti in zagnanosti ter izkusenj in razsodnosti. Prav zaradi tega smo tudi letos, ob
podelitvi 38. Krkinih nagrad veseli, da so prijavljene raziskovalne naloge potrdile to zmagovito kombinacijo.
Z veseljem ugotavljamo, da smo na pravi poti. Prepricani pa smo, da so tudi leto3nje Krkine nagrade potrditev
vsem, tako raziskovalcem kot mentorjem, da bomo vztrajali na poti znanja in uspehov.

Dr. Algs Rotar
Predsednik Sveta Sklada Krkinih nagrad
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We often wonder what leads us towards a successful future. There are of course many answers to this ques-
tion, but the most common one is knowledge and competence. In the modern world we are increasingly
aware that only knowledge and hard work pave the road to success. In an era where new products and tech-
nologies allow saltatory and swift progress, one must be capable of rapid learning and adaptation. Now more
than ever, it is important to ask oneself often, and with great responsibility, is one headed in the right direc
tion, do one's hypotheses hold, is the field of one's work correct, and is one's goal the right one. Success in
research is made possible by conditioned by a mixture of youth, enthusiasm, experience and sound judgment.
Because of this we are thrilled that at this year's 38th Krka awards ceremony the winners corroborate this
winning combination. We are on the right path. We are convinced that this year's Krka awards ensure all,
researchers and their mentors, that we shall continue on the path of knowledge and success.

Dr. AlgS Rotar
President of the Krka Awards Council
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»Za vsakim napredkom &lovestva se skriva kal rasti v dusi kakega osamljenega posameznika.
Posameznika, ki so ga zbujale sanje sredi no¢i, ko so drugi mirno spali.«
Crawford H. Greenewalt

Razvoj znanstvenih dognanj na podrodjih medicine, kemije, biokemije, farmacije in drugih ved, pomembnih
za zagotavljanje in izboljsevanje zdravja prebivalstva, pred raziskovalce postavlja vedno nove izzive.
Dodatno spodbudo raziskavam pa dajejo tudi nova spoznanja na podrodju zagotavljanja kakovostne, varne
in u¢inkovite farmakoterapije, ki se odraZajo tudi v spremembah requlativnih zahtev za zdravila.

Naloge, prispele na letosnji razpis za Krkine nagrade, so tako po znanstveni kot strokovni vrednosti zelo
kakovostne in pokrivajo celoten spekter podrodij od raziskav novih tard za terapijo, kemijskih in
biotehnoloskih procesov, razvoja in optimizacije dostavnih sistemov in farmacevtskih oblik, analiznega vred-
notenja in zagotavljanja kakovosti, ekologije ter trzenja.

Klju¢nega pomena za uspesne raziskovalne rezultate tako po raziskovalni, inovacijski kot uporabni vrednosti
pa so ljudje, tako mladi raziskovalci kot izku3eni mentoriji, ter njihova povezovanje in sodelovanje v interdis-
ciplinarnih raziskovalnih timih.

S Krkinimi nagradami Zelimo nagraditi uspesne raziskovalce za njihove raziskovalne naloge, izdelane na
razli¢nih izobraZevalnih stopnjah — od srednjesolcev do Studentov dodiplomskih in podiplomskih 3tudijskih
programov —in jih postaviti za zgled mladim, ki na raziskovalna pota Sele vstopajo 0z. so e na zacetku svoje
znanstveno-raziskovalne poti, da je mogode z zagnanim delom, dobrim interdisciplinarnim povezovanjem z
drugimi raziskovalci in seveda s sodelovanjem z izkuSenimi mentorji doseci velika dognanja, ki bodo v dobro-
bit druzbi.

V7

izr. prof. dr. Franc Vreler, mag. farm.
predsednik Znanstvenega odbora
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»Behind every advance of the human race is a germ of creation growing in the mind of some lone individual.
An individual whose dreams waken him or her in the night while others lie contently asleep.«
Crawford H. Greenewalt

The development of scientific knowledge in the fields of medicine, chemistry, biochemistry, pharmacy and
other sciences fundamental to ensuring and improving public health presents constant challenges to
researchers. Research is additionally stimulated by new findings relating to the assurance of safe, quality and
effective pharmacotherapy, which are also reflected in changes of requlatory requirements for medicinal
products.

The quality of this year’s papers sent in for Krka awards is admirably high from both the scientific and profes-
sional point of view. The papers cover a very wide range of areas, including research of new therapeutic
targets, chemical and biotechnological processes, development and optimisation of delivery systems and
pharmaceutical forms, analytical evaluation and quality assurance, ecology and marketing.

Successful research results producing innovative and useful information are credited to people, i.e. young
researchers and their experienced mentors, as well as to their cooperation in interdisciplinary research teams.

Krka awards are designed to recognise and reward successful researchers for their work and research papers
prepared at various educational levels (from high school to under-graduate and post-graduate levels). The
recipients of these awards set an example for young researchers who are about to start their research
projects or are at the beginning of their scientific-research career and show them that by hard work, good
interdisciplinary cooperation with other researchers and good communication with experienced mentors, it
is possible to make notable progress in scientific findings that will benefit the society.

s

Assoc. Prof. Franc Vrecer, Ph. D., M. Pharm.
President of the Scientific Committee
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Dr. Janez llas

Veliko zanimanje za naravoslovje je dr. Janez Ilas pokazal Ze v gimnazijskih letih, ko je obiskoval
Gimnazijo Novo mesto. »Pomemben navdih in tudi pomoc< pri mojem raziskovalnem delu sta mi
v Casu srednje Sole nudili zelo dobri profesorici kemije Marinka Kovac in Zora Torbica. UdeleZeval
sem se kemijskih tekmovanj za Preglovo nagrado, pripravil pa sem tudi dve raziskovalni nalogi ter
prejel pet Preglovih nagrad,« se svojih zacetkov spominja mladi doktor znanosti, ki je zaposlen kot
asistent na Fakulteti za farmacijo. »Na raziskovalni poti me navdihuje predvsem to, da probleme,
ki obstajajo, skusam razresiti. Zelim spoznavati 3e neraziskane stvari.«

V doktoratu se je ukvarjal z odkrivanjem novih ucinkovin za zdravljenje bolezni krvozilja, ki so
trenutno v razvitem svetu najpogostejsi vzrok smrtnosti. »Z ustrezno terapijo lahko Zivljenjsko
dobo takih bolnikov podaljsamo. Pri doktorski temi sem raziskoval, kako v eni ucinkovini zdruziti
terapevtsko delovanje na dve tardi. Gre za nov pristop, v katerem sem uspel pripraviti nove spojine,
ki so izkazovale dobro in uravnoteZzeno delovanje na encim trombin in fibrinogenski receptor. To
sicer $e niso spojne, ki bi bile dobri kandidati za klini¢no testiranje, najpomembneje pri tem je, da
sem dosegel razumevanje principa hkratnega delovanja, kar je nujen pogoj za nadaljnje delo na tem
podrodju. Zadovoljen sem, da so kakovostno delo opazili tudi drugi in ga nagradili s Krkino nagrado.
Seveda pa gre velika zahvala predvsem mojemu mentorju prof. dr. Danijelu Kiklju za vso podporo
in spodbudo pri opravljanju doktorske disertacije.«

Tudi v prihodnje mlademu raziskovalcu izzivov ne bo zmanjkalo, saj je v svoji doktorski nalogi
odkrival povsem novo podrodje, na katerem se bo, kot pravi, lahko $e marsikaj naredilo. »Ko v
necem najdem izziv, se s tem notranje poistovetim in trdo delam, da pridem do reditve.« Ker je
delavnost poleg postenosti in eti¢nosti med glavnimi vrednotami v njegovem Zivljenju, mu prostega
casa ne preostane prav veliko. »Vedji del dneva sicer prezivim na fakulteti, prosti ¢as pa, kolikor je
le mogoce, izkoristim za Sportne aktivnosti.«
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NACRTOVANJE IN SINTEZA NOVIH
ANTITROMBOTICNIH UCINKOVIN Z DUALNIM
MEHANIZMOM DELOVANJA

J. llas

Fakulteta za farmacijo, Univerza v Ljubljani
Mentor: D. Kikelj

Fakulteta za farmacijo, Univerza v Ljubljani

Srénozilne bolezni, med katere uvr§€amo koronarno bolezen (vkljuéno s srénim infarktom), srénoZilne motnje,
bolezni perifernih arterij, globoko vensko trombozo in pljuéni embolizem, so glavni vzrok smrti v razvitih
drzavah, s spreminjajo€im se Zivljenjskim slogom pa se pojavljajo kot pomemben vzrok smrti tudi v razvijajocih
se drzavah. Proces hemostaze ima klju¢no vlogo pri ohranjanju integritete Zilnega sistema. Neustrezno
delovanje trombocitov in nepravilnosti v poteku koagulacije krvi kot kljuénih procesov hemostaze pogosto
vodijo do srénozilnih zapletov. Zato poteka stalen razvoj novih antitromboti¢nih u€inkovin, ki bi omogocale
ucinkovitejSe zdravljenje z manj stranskimi uc&inki.

V okviru doktorske disertacije smo s kombinacijo antiagregatornega in antikoagulantnega delovanja v dvojnih
inhibitorjih procesa hemostaze predstavili nov pristop k antitromboti€hemu zdravljenju, ki temelji na zdruzevanju
farmakoforov inhibitorjev trombina in antagonistov receptorja GPIlIb/llla v eno molekulo. Aminokislinski sekvenci
peptidnih spojin vodnic, t.j. Arg-Gly-Asp (RGD) sekvenco za antagoniste receptorja GPlIb/llla in D-Phe-Pro-
Arg (fPR) sekvenco za inhibitorje trombina, smo zdruZili v konjugat, prav tako pa smo pripravili tudi peptide
z razli¢no stopnjo prekritosti obeh farmakoforov.” V okviru peptidomimiteti€nega pristopa smo v nacértovane
molekule potencialnih dvojnih antitromboti¢nih u€inkovin zdruzevali mimetike obeh aminokislinskih zaporedij
in na teh izhodis¢ih sintetizirali spojine z 1,4-benzoksazin-3(4H)-onskim in 1,4-benzoksazinskem skeletom?,
na katerega smo uvedli benzamidinski in karboksilatni fragment preko razlicnih distancnikov. P, del smo
optimizirali z uvedbo aromatskih skupin in derivatov karboksilnih skupin. Z encimsko amidoliticno metodo
smo dolo€ili inhibitorno delovanje na trombin, z metodo dolo€anja inhibicije agregacije in modificiranim ELISA
testom pa antagonisti¢no delovanje na receptor GPIIb/llla.
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Spojine z 1,4-benzoksazin-3(4H)-onskim skeletom in z benzamidinsko skupino vezano na mestu 2 preko
metilenskega distan¢nika so se izkazale kot mocni in selektivni inhibitorji trombina.® Kot najucinkovitejSe
dvojne antitromboti¢ne spojine, ki zavirajo trombin in agregacijo trombocitov so se izkazale spojine z
benzamidinsko skupino vezano na mestu 2 preko metiloksi distan¢nika in benzilaminsko skupino pripeto
na mestu 6/7 1,4-benzoksazinskega skeleta. Te izkazujejo inhibitorno aktivnost na trombin in antagonisti¢no
aktivnost na receptor GPIIb/llla v submikromolarnem obmocju.* V okviru doktorskega dela smo se v povezavi
s pripravo ciljnih spojin ukvarjali tudi z novimi sinteznimi pristopi, pretvorbami in stabilnostjo spojin z 2H-
1,4-benzoksazin-3(4H)-onskem skeletom.5® Rezultati so predstavljeni v objavljenih ¢lankih. Dejstvo, da smo
tekom doktorskega Studija sami izvajali vse faze od raCunalniSkega nacrtovanja dvojnih antitromboti¢nih
ucinkovin do sinteze in biokemi€nega vrednotenja, nam je omogocalo hitro in ucinkovito upoStevanje
doseZenih rezultatov v nadaljnjih stopnjah nacértovanja dvojnih antitromboti¢nih u€inkovin. Na nasem konceptu
zasnovane antitromboti¢ne ucinkovine, ki v isti molekuli zdruzujejo antikoagulacijsko in antiagregatorno
delovanje, predstavljajo antitromboti¢ne ucinkovine prihodnosti, ki bi nadomestile obstoje¢e kombinacije
antikoagulantnih in antiagregatornih u€inkovin.

Selektivni inhibitroji trombina Dualne antitrombotiéne uéinkovine z inhibitornim delovanjem na trombin
in antagonistiénim delovanjem na receptor GPlib/llla
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DESIGN AND SYNTHESIS OF NOVEL
ANTITHROMBOTICS WITH DUAL MECHANISM OF
ACTION

J. llas

Faculty of Pharmacy, University of Ljubljana
Supervisor: D. Kikelj

Faculty of Pharmacy, University of Ljubljana

Cardiovascular diseases comprising coronary heart disease (including myocardial infarction), cerebrovascular
disease, peripheral artery disease, deep vein thrombosis, pulmonary embolism and congenital heart disease
are the main cause of death in developed countries. With a changing life style they are becoming important
cause of death also in developing countries. Hemostasis plays an indispensable role in maintenance of
vascular system integrity. However, the abnormalities in thrombocyte function and blood coagulation as
the key hemostatic processes frequently lead to cardiovascular diseases. There is a growing need for new
antithrombotic drugs that would provide more efficient therapy with fewer side effects.

Inthe doctoralthesis, we introduced a new approachto antithrombotic therapy by combining the pharmacophores
of thrombin inhibitors and GPlIb/llla receptor antagonists in a single molecular entity. Amino acid sequences
of the peptide leads, the Arg-Gly-Asp (RGD) sequence for GPIIb/llla receptor antagonists and the D-Phe-Pro-
Arg (fPR) sequence for thrombin inhibitors, were combined in a conjugate as well as in peptides with various
degrees of pharmacophore overlapping.’ Using a peptidomimetic approach, we combined also mimetics of
RGD and fPR leads to designed dual antithrombotic compounds based on 2H-1,4-benzoxazine-3(4H)-one
and 3,4-dihydro-2H-1,4-benzoxazine scaffolds?. Benzamidine and carboxylate moieties were connected
through various spacers to the central heterocyclic core. P, moiety was optimized with introduction of aromatic
moieties and carboxylic acid moieties. Enzyme amidolytic method was used to determine inhibitory activity for
thrombin. Inhibition of aggregation and modified ELISA test of inhibition of fibrinogen binding to the GPIIb/llla
receptor were used to determine activity of tested compounds at GPIIb/llla receptor
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Compounds with 2H-1,4-benzoxazine-3(4H)-one scaffold and benzamidine moiety connected through
methylene spacer were found to be highly active and selective thrombin inhibitors.® As the most potent dual
inhibitors were found compounds having the benzamidine group attached at position 2 through methoxy
spacer and benzylamine moiety attached at position 6 or 7 of the 1,4-benzoxazine scaffold. They possessed
thrombin inhibitory activity and GPIIb/llla receptor antagonistic activity in submicromolar range.* In the
course of preparation of the target compounds, we also studied novel approaches to chemical synthesis,
transformations and stability of 2H-1,4-benzoxazin-3(4H)-ones.>® The results are presented in published
articles. The fact, that we performed all phases of computer design of double antithrombotic compounds
from synthesis to biochemical evaluation, allowed fast and efficient implementation of obtained result in the
next cycle of design of double antithrombotic compounds. Antithrombotic compounds, based on our concept,
which have combined anticoagulant and antiaggregatoy activity, represent the antithrombotic coumpounds of
future, which could substitute existing combinations of anticoagulant and antiaggregatory compounds.

Selective thrombin inhibitors Dual antithrombotic compounds with thrombin inhibitory and
GPlib/llla receptor antagonistic activity
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Dr. Petro Kocbek, ki je na Fakulteti za farmacijo zaposlena kot asistentka na katedri za farmacevtsko
tehnologijo, raziskovalni duh spremlja Ze od otrostva. Prihaja iz Maribora, kjer je po osnovni 3oli
obiskovala Il. Gimnazijo, nato pa se je odlocila za Studij farmacije v Ljubljani. Odli¢na Studentka se
je takoj po diplomi na povabilo prof. dr. Julijane Kristl vpisala na doktorski Studij in ga letos tudi
uspesno zakljudila.

»Ze kot majhno deklico me je vedno zanimalo, kako dologena stvar deluje. In Ze takrat sem z logi¢nim
razmisljanjem vedno prisla do reSitve. Pri raziskovanju me spodbuja predvsem spoznavanje dodane
vrednostinecesanovegda. Primenise je tisto pravo raziskovanje zacelo zdiplomoin se nato intenzivno
nadaljevalo Stiri leta na doktorskem Studiju, katerega glavna tema so bili nanosistemi, ki so danes
zelo vroca tema ne le na podrodju farmacije, ampak tudi SirSe. Ukvarjala sem se z nanosuspenzijami
kot sodobnim pristopom za povecanje hitrosti raztapljanja ucinkovin in z razvojem nanodelcev
za zdravljenje raka. Z oblikovanjem nanodelcev sem v celi¢ni kokulturi dosegla ciljano dostavo
ucinkovine le v tar¢ne rakave celice, ki zdravilo potrebujejo, hkrati pa druge, netarcne oz. »zdrave
celice«, niso prizadete. Prednost taksnega zdravljenja bo prav gotovo v povecanju ucinkovitosti
in zmanjsanju stranskih ucinkov pri bolnikih.« Kot pravi dr. Kocbekova, v prihodnosti pricakujejo
razmah taksnih sistemov, saj imajo mnogo prednosti pred tradicionalnimi, danes znanimi zdravili.

»Tudi v prihodnje bi rada na podrodju znanosti odpirala nove izzive in jih skusala resiti skupaj s
kolegi. Mislim, da je v znanosti klju¢no sodelovanje razli¢nih strok. Za moje nadaljnje raziskovalno
delo pa mi tudi Krkina nagrada predstavlja veliko spodbudo.«

Ponosna Stajerka, ki se vsak vikend vrala v rodni Maribor, pravi, da je vcasih prevelika
perfekcionistka. Poleg tega je Se zelo trmasta. »Morda je vzrok za to tudi moje nebesno znamenje,
saj sem kozoroginja,« in dodaja, »tisto, kar si zastavim, hocem tudi dosedi.« Sicer pa ima rada
pozitivnho vzdusje ne le v delovnem okolju, temvec na sploh v Zivljenju. Prosti ¢as najraje izkoristi
za potovanja in Sportne aktivnosti, e najbolj pa se sprosti v naravi ob nabiranju gob.
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RAZVOJ NANOSISTEMOV ZA POVECANJE HITROSTI
RAZTAPLJANJA TEZKO TOPNIH UCINKOVIN IN
AKTIVNO CILJANJE TUMORSKIH CELIC

P. Kocbek

Fakulteta za farmacijo, Univerza v Ljubljani
Mentorica: J. Kristl

Fakulteta za farmacijo, Univerza v Ljubljani

Nanosistemi predstavljajo danes zelo aktualno podrocje raziskav, saj omogocajo vnos tako nizko kot
visokomolekularnih ucinkovin, kot so proteini in geni v organizem. Izbiro ustreznega nanodostavnega sistema
in metode njegove izdelave pogojujejo predvsem lastnosti ucinkovine.

Raziskovalno delo sestavljajo trije sklopi: priprava in vrednotenje nanosuspenzij, nartovanje polimernih
nanodelcev za vnos novih tezko topnih ucinkovin in oblikovanje imunonanodelcev za ciljano dostavo
proteinskih u€inkovin v tumorske celice.

Za izdelavo nanosuspenzij smo razvili emulzijsko-difuzijsko metodo in metodo emulgiranja taline ibuprofena
kot modelne tezko topne ucinkovine. Z nadzorom tehnoloSkih parametrov smo pripravili nanosuspenzije s
povprecno velikostjo delcev od 70 do 450 nm in dokazali pove€ano hitrost raztapljanja nanosuspenzije v
primerjavi z mikronizirano ucinkovino (1).
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Slika 1: Profila raztapljanja liofilizirane nanosuspenzije, stabilizirane s poloxamerom 188, (—e—) in fizikalne
zmesi mikroniziranega ibuprofena s poloxamerom 188 (—o-).

V raziskave smo vklju€ili dve novi, teZko topni u€inkovini, ki sta inhibitorja 17p-hidroksisteroid dehidrogenaze
tipa 1 in potencialni ucinkovini za zdravljenje raka, saj poveana aktivnost omenjenega encima povzrogi
povecano proliferacijo celic dojke, kar povzro€i nastanek in napredovanje raka. Sami u€inkovini v raztopini
0z. suspenziji v in vitro testih nista izkazovali bioloSkega ulinka; poleg tega je bila stabilnost u€inkovin v
vodnem mediju majhna. Po vgrajevanju ucinkovin v nanodelce iz poli(e-kaprolaktona) in testiranju na celi¢ni
liniji T-47D, ki izraza taréni encim, smo ugotovili zmanjSano proliferacijo in spremenjeno morfologijo celic, kar
je odraz bioloSkega ucinka vgrajenih inhibitorjev. Ti rezultati dokazujejo, da lahko z oblikovanjem nanodelcev
pripravimo terapevtsko uporabno farmacevtsko obliko za vnos tezko topnih ucinkovin, ki same v dovol;j veliki
koncentraciji ne doseZejo mesta delovanja in zato ne sproZijo farmakolo$kega ucinka (2).
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Slika 2: Slika nanodelcev iz poli(e-kaprolaktona) kot jih vidimo z vrsti¢nim elektronskim mikroskopom (levo).
Znotrajceli¢na porazdelitev nanodelcev v celicah raka dojke T-47D (desno).

Aktivno ciljanje tumorskih celic je cilj razvoja novih farmacevtskih oblik za zdravljenje raka, saj na tak nacin
poveCamo ucinkovitost zdravljenja in hkrati zmanjSamo stranske uclinke. Z dvojno emulzijsko-difuzijsko
metodo smo izdelali nanodelce iz kopolimera mle€ne in glikolne kisline in vanje vgradili modelno proteinsko
u€inkovino tj. koko§ji cistatin, ki je inhibitor cisteinskih proteaz. Na povrSino nanodelcev smo z adsorpcijo
ali kovalentno vezali monoklonsko protitelo CDI 315, ki prepozna specifi¢ni antigen na povrsini celic raka
dojke. Ugotovili smo, da je ustrezna metoda izdelave imunonanodelcev le z adsorpcijo, saj je vgrajeni protein
ohranil bioloSko aktivnost, protitelo pa sposobnost prepoznavanja in vezave na tar¢ni antigen. V kokulturi
celic raka dojke MCF-10A neoT s celicami Caco-2 ali z diferenciranimi celicami U-937 so imunonanodelci
selektivno vstopili le v taréne celice in povzrodili inhibicijo znotrajceliCne proteolizne aktivnosti. S temi rezultati
smo potrdili uspesnost aktivnhega ciljanja tumorskih celic in selektivnhega vnosa bioloSko aktivne proteinske
uc€inkovine z imunonanodelci (3).

Na podlagi rezultatov lahko zaklju¢imo, da z oblikovanjem nanosuspenzij pove€amo hitrost raztapljanja in
tako bioloSko uporabnost tezko topnih ucinkovin. V dolo€enih primerih pa to ni dovolj, da bi dosegli bioloski
uCinek, kar velja zlasti za ucinkovine, ki so nestabilne v fizioloSkem okolju. V takSnih primerih smo dokazali,
da je ustrezen pristop oblikovanje nanodelcev, kjer ogrodje S€iti vgrajeno ucinkovino pred vplivi okolja in
hkrati nadzorovano spros¢a ucinkovino na mestu delovanja. Z vezavo specificnih monoklonskih protiteles
na nanodelce smo dosegli aktivno ciljanje na celi€nem nivoju tj. selektivni vstop imunonanodelcev in dostavo
proteinske ucinkovine do cilinega mesta, kar prepreci pojav stranskih uc€inkov, ki so rezultat delovanja
uc€inkovine na zdrave celice.

1. Kocbek, P.; Baumgartner, S.; Kristl, J. Preparation and evaluation of nanosuspensions for enhancing the
dissolution of poorly soluble drugs. J. Int. J. Pharm. 2006, 312: 179-186.

2. Kocbek, P.; Teska¢, K.; Brozi¢, P.; Lanidnik Rizner, T.; Gobec, S.; Kristl, J. Effect of free and in poly(e-
caprolactone) nanoparticles incorporated new type 1 173-hydroxysteroid dehydrogenase inhibitors on cancer
cells, Eur. J. Pharm. Sci, poslano v objavo.

3. Kocbek, P.; Obermajer, N.; Cegnar, M.; Kos, J.; Kristl, J. Targeting cancer cells using PLGA nanoparticles
surface modified with monoclonal antibody. J. Control. Release 2007, 120: 18-26.
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DEVELOPMENT OF NANOSYSTEMS FOR ENHANCING
DISSOLUTION RATE OF POORLY SOLUBLE DRUGS
AND ACTIVE TARGETING OF TUMOUR CELLS

P. Kocbek

Faculty of Pharmacy, University of Ljubljana
Supervisor: J. Kristl

Faculty of Pharmacy, University of Ljubljana

Nanosystems represent a very promising research area nowadays, since they enable delivery of high and
low molecular weight drugs into the body, such as proteins and genes. The choice of a suitable nanodelivery
system and preparation method mainly depends on drug properties. The research work consists of three
parts: preparation and evaluation of nanosuspensions, design of polymeric nanoparticles for delivery of poorly
soluble drugs, and formulation of immuno-nanoparticles for targeted delivery of protein drug into tumour
cells.

Emulsion diffusion method and melt emulsification method were developed for preparation of nanosuspensions
with ibuprofen as a model drug. Control of technological parameters allowed formulation of nanosuspensions
with mean particle size ranging from 70 to 450 nm. Increased dissolution rate was confirmed for nanosuspesion
compared to the dissolution of the micronized drug (1).
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Figure 1: Dissolution profiles of lyophilized nanosuspension stabilised with poloxamer 188 (—e—) and a physical
mixture of micronized ibuprofen with poloxamer 188 (—o—).

Two new poorly soluble drugs with potential anticancer activity were included in our research. The drugs are
inhibitors of type 1 173-hydroxysteroid dehydrogenase, an enzyme which is involved in increased breast cell
proliferation and therefore development and progression of cancer. The suspension of the inhibitors did not
exert any biological effect in vitro. Besides that, stability of inhibitors in aqueous medium was low. Evaluation
of formulated poly(e-caprolactone) nanoparticles on T-47D cell line, which expresses target enzyme, showed
reduced cell proliferation and changes in cell morphology due to biological effect of incorporated inhibitors.
Poorly soluble drugs do not reach the site of action in concentration high enough to exert pharmacological
effect, however, these results demonstrate that therapeutically useful dosage form of poorly soluble drugs can
be prepared using nanoparticle formulation (2).
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Figure 2: Scanning electron microscopy image of poly(e-caprolactone) nanoparticles (left). Intracelular
distribution of nanopatrticles in T-47D breast cancer cells (right).

The aim of development of new dosage forms for cancer treatment is active targeting of tumour cells,
because this can lead to increased treatment effectiveness and reduced side effects. Cystatin is an inhibitor
of cysteine proteases and was chosen as our model protein drug. Poly(lactide-co-glycolide) nanoparticles with
incorporated cystatin were formulated using double emulsion solvent diffusion method. Monoclonal antibody,
which recognizes specific antigen on breast tumour cells, was bound by adsorption or covalently to the
nanoparticle surface. Only adsorption was suitable for binding of monoclonal antibody, since biological activity
of incorporated protein as well as recognition and binding properties of adsorbed antibody were preserved.
In co-culture of MCF-10A neoT breast cancer cells and Caco-2 cells or differentiated U-937 cells immuno-
nanoparticles selectively entered target MCF-10A neoT cells and caused inhibition of intracellular proteolytic
activity in those cells. With these results successful active targeting of tumor cells and selective delivery of
biologically active protein drug using immuno-nanoparticles was confirmed (3).

Based on our results it can be concluded that dissolution rate can be increased using nanosuspension
formulations and consequently increased bioavailability of poorly soluble drugs can be expected. Due to
instability of some drugs in physiological environment increased drug dissolution rate alone is not enough to
achieve biological effect. For such drugs nanoparticle formulation can provide protection from environment
and enables controlled drug release at the site of action as shown in our work. Active targeting on cellular level
was achieved with specific monoclonal antibody bound to nanoparticles. Active targeting means selective
uptake of immuno-nanoparticles and delivery of protein drug to target site which can reduce side effects
caused by drug action on healthy cells.

1. Kocbek, P.; Baumgartner, S.; Kristl, J. Preparation and evaluation of nanosuspensions for enhancing the
dissolution of poorly soluble drugs. J. Int. J. Pharm. 2006, 312: 179-186.

2. Kocbek, P.; Teska¢, K.; Brozi¢, P.; Lanidnik Rizner, T.; Gobec, S.; Kristl, J. Effect of free and in poly(e-
caprolactone) nanoparticles incorporated new type 1 173-hydroxysteroid dehydrogenase inhibitors on cancer
cells, Eur. J. Pharm. Sci, sent for publication.

3. Kocbek, P.; Obermajer, N.; Cegnar, M.; Kos, J.; Kristl, J. Targeting cancer cells using PLGA nanoparticles
surface modified with monoclonal antibody. J. Control. Release 2007, 120: 18-26.
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Dr. Vesna Kroselj

Dom in delovno okolje dr. Vesne Kroselj sta trenutno v Indiji. Lansko poletje jo je poslovna pot
zapeljala na Krkino predstavnistvo v indijsko mesto Bangalore, kjer je odgovorna za Krkine razvojne
projekte v tej drzavi. »Zdaj vidim, kako prav mi pride znanje, ki sem ga pridobila tako med Studijem
na Fakulteti za kemijo in kemijsko tehnologijo kot tudi v sedmih letih dela v Krki. Tu sem si najprej
nabirala izkusnje na podrodju patentov, nato na tehnologiji in hkratnem doktorskem Studiju na
Fakulteti za farmacijo, kasneje pa Se ob projektnem vodenju v Krkinem Razvoju in raziskavah,«
poudarja mlada raziskovalka, ki prihaja iz Sentjerneja na Dolenjskem.

V doktorski nalogi je raziskovala alternativho metodo priprave pelet. »Gre za precej enostavno
metodo, ki predstavlja dobro alternativo klasi¢nim postopkom. Glede na patentne razmere, ki jih
danes spremljamo v svetu, se mi zdi zelo koristno, da se vhaprej seznanimo z moznostmi, kako in na
kaksen drugacen nacin priti do enakega izdelka. Metodo priprave pelet, ki sem jo razvila s pomocjo
mentorja dr. Franca Vrecerja in ostalih sodelavcev, v Krki 3e ne uporabljamo, dolocene zakljucke
iz moje naloge pa Ze upostevajo sodelavci pri razvoju Krkinih zdravil. Na to sem ponosna, saj sem
doktorsko nalogo delala predvsem zato, da bi pridobljeno znanje lahko implementirala v industrijo
ter se ob tem naucila nekaj novega.«

Nekdanja Zoisova Stipendistka, danes doktorica znanosti, je tudi prava ambasadorka Krkinega
poslanstva Ziveti zdravo Zivljenje. Ze od nekdaj se veliko ukvarja s $portom, najraje s tenisom,
kolesarjenjem in tekom. NajpomembnejSe vrednote, ki se jim v Zivljenju predaja, so znanje, delo,
druZzina in seveda prosti ¢as. »V Indiji imam nekoliko vec Casa tudi za branje in trenutno me najbolj
zanima vzhodnjaska literatura. Pa tudi potujem zelo rada. Eksotic¢ne drzave so zdaj zelo blizu, tako
da sem si Ze ogledala Laos, KambodZo, Maldive.« Ker je svetovljanka, se ji na Zivljenje v Indiji ni
bilo tezko privaditi, vendar kljub temu dodaja: »Indija je zelo posebna drzava, in e jo zelis resni¢no
spoznati, jo moras doZiveti. Ko pa se vsake toliko ¢asa vrnem v Slovenijo, se vedno znova prepri¢am,
iz kako lepe dezele prihajam.« Dodaja 3e, da ji delo v Indiji trenutno nudi dovolj izzivov. »Tudi v
prihodnje mi na poslovhem podrodju zagotovo ne bo dolgdas, saj sem tak clovek, ki nenehno is¢e
nove izzive.«
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OPTIMIZACIJA 1ZDELAVE PELET Z LANSOPRAZOLOM
S TERMOPLASTICNIM PELETIRANJEM V HITREM
MESALNIKU

V. KrosSelj

Krka, d.d., Novo mesto

Mentor: F. VreCer

Krka, d.d., Novo mesto, Fakulteta za farmacijo, Univerza v Ljubljani

Termoplasti¢no peletiranje v hitrem mesSalniku sodi med tehnologije s talinami, ki pomenijo alternativo
klasi¢nim (vlaznim) farmacevtskim tehnoloskim postopkom, med katerimi sta 3e vedno najbolj razsirjena
oblaganje nevtralnih jeder in iztiskanje s krogli¢enjem. Pred slednjima ima termoplasti¢no peletiranje v hitrem
mesSalniku vrsto prednosti, med katerimi so najpomembnejSe preprostost, hitrost in ekonomi¢nost postopkov
ter primernost za vgrajevanje zdravilnih uc€inkovin, ob&utljivih na vlago. Kemijsko in fizikalno raznolika skupina
veziv, primernih za tehnologije s talinami, omogoca fleksibilnost pri nadrtovanju farmacevtskih oblik, ki jih z
omenjenimi postopki lahko izdelamo.

V sklopu priCujoCega dela smo raziskovali primernost termoplastichega peletiranja za izdelavo ogrodnih
pelet s takojSnjim sproS€anjem v vodi slabo topne zdravilne ucinkovine — lansoprazola (kemijsko 2-((3-metil-
4-(2,2,2-trifluoroetoksi)-2-piridil)metil)-sulfinil benzimidazol). Za to smo uporabili po dve vezivi iz skupine
makrogol gliceridov (Gelucire® 44/14 in Gelucire® 50/13) in poloksamerov (Lutrol® F68 in Lutrol® F127), ki
se med seboj razlikujejo v termi¢nih in reoloskih lastnostih. Vsa uporabljena veziva spadajo med povrSinsko
aktivne snovi (s HLB-Stevili nad 10) in kot taka izboljSajo topnost slabo topnih ucinkovin. Za referenco smo
pripravili pelete s klasi¢nim postopkom in mikrokristalno celulozo kot tvorilom ogrodja. Znano je, da je postopek
termoplastiCnega peletiranja mo¢no obcutljiv Ze na majhne spremembe v sestavi ali v procesnih parametrih.
V eksperimentih smo tako spreminjali koncentracijo veziva, velikost delcev polnila, koncentracijo u€inkovine,
nacin dodajanja veziva, hitrost mesala, uporabo sekala, temperaturo plas€a in ¢as gnetenja, dokler nam ni
uspelo izdelati pelet ustreznih velikosti.

Sejalna analiza izdelanih pelet je pokazala, da je porazdelitev velikosti v vseh primerih Siroka in primerljiva
z referenénimi peletami, kar je znacilno za direktno peletiranje v hitrem meSalniku. To namre¢ ne omogoca
tako ozke porazdelitve kot npr. metoda iztiskanja in krogliCenja. Gostote pelet, izdelanih s termoplasti¢nim
peletiranjem, so bile med seboj primerljive, prava gostota pa je bila nekoliko nizja od gostote referencnih
pelet. Pelete, izdelane z vezivi iz skupine makrogol gliceridov, so imele v povprecju visjo krusljivost kot pelete
s poloksameri, kru$ljivost referen&nih pelet je bila nekje vmes. Mikroskopska analiza je pokazala, da so bile v
primeru makrogol gliceridov in Lutrola® F68 izdelane pelete okrogle in gladke, medtem ko so bili aglomerati,
izdelani z Lutrolom® F127, nepravilne oblike in s hrapavo povrsino.

Spros¢anje lansoprazola iz referenénih pelet je bilo odvisno od njihovih velikosti, v primeru majhnih pelet
nekoliko hitrejSe, v primeru vedjih pa poasnejse od same zdravilne u€inkovine. Izdelava pelet s termoplasti¢nim
peletiranjem je v vseh primerih rezultirala v peletah s takoj$njim spro$€anjem, pri Eemer se je v primeru uporabe
makrogol gliceridov kot termoplasti€nega veziva v prvih 30 min sprostilo 90% ucinkovine. V primeru pelet,
izdelanih s poloksameri kot vezivi, pa je bilo sprod€anje lansoprazola e hitrejSe. Koncentracija lansoprazola
v peletah ni bistveno vplivala na profil sproS€anja kakor tudi ne velikost analiziranih pelet, kar je posledica
njihovega takojdnjega razpada ob stiku z medijem. Vzrok za hitro sproS€anje je enakomerna porazdelitev
lansoprazola v ogrodju, ki zaradi prisotnosti termoplasti¢nega veziva izboljSa njegovo mocljivost. To so potrdili
tudi rezultati rentgenske analize in porazdelitve zdravilne u€inkovine po prerezu izdelanih pelet.

V nadaljevanju naloge smo na primeru Gelucire® 50/13 in Lutrol® F68 z Box-Behnkenovim eksperimentalnim
nacrtom proucili vpliv razli¢nih formulacijskih (koli¢ina veziva v formulaciji) in procesnih parametrov (hitrost
mesSala, ¢as gnetenja in koli¢ina produkta v posodi) na celokupni in uporabni izkoristek procesa, velikost
izdelanih pelet in koli¢ino neZelenih produktov — preostalih prahov in nastalih velikih aglomeratov. Potek
procesa smo spremljali s pomocjo navora, temperature produkta in ¢asa, s katerimi smo tudi dologili kon¢no
toCko peletiranja.
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Statisticha analiza Box-Behnkenovih eksperimentov je pokazala, da je vpliv prou€evanih neodvisnih
spremenljivk zelo zapleten, saj so bili v izpeljanih modelih prisotni kvadratni in interakcijski ¢leni. Najved;ji
vpliv na uporabni izkoristek je imela koli€ina veziva v formulaciji, Se posebej pri visjih koncentracijah, ko je
zaradi preobseZne aglomeracije nastala vecja koli€ina kep. Dodatni poskusi, ki smo jih izvedli z namenom
laZje interpretacije rezultatov in pri katerih smo spreminjali eno samo spremenljivko — ¢as — so pokazali, da
je prevladujo¢ mehanizem jedrenja v primeru Gelucire® 50/13 distribucija veziva in da aglomerati rastejo
enakomerno. Poleg tega smo opazili prakti¢no linearno odvisnost doseZenega navora in povpreéne velikosti
izdelanih pelet in potrdili tezo, da je navor primerno orodje za dolo¢anje kon¢ne toCke procesa.

V primeru Lutrola® F68 je bilo spremljanje procesa otezeno, velikost pelet ni korelirala z navorom, granulacijski
grafi pa so pokazali samo, da je proces predel v destruktivno fazo. Takrat je navor strmo narasel in zacel
nihati. Kot klju¢en parameter se je izkazal ¢as gnetenja, medtem ko je imela koncentracija veziva za razliko
od Gelucire® 50/13 zelo omejen vpliv. Eksperimenti z razli¢cnim ¢asom gnetenja so pokazali, da sta v primeru
Lutrola® F68 v fazi jedrenja prisotna oba mehanizma, distribucija in imerzija, rast aglomeratov pa je prav tako
kombinacija indukcije in enakomerne rasti.

Box-Behnkenov nadrt in metoda odgovornih povrsin nista omogocila samo dolocitve faktorjev z najvecjim
vplivom na proces, pa¢ pa tudi njihovo optimizacijo. Napovedane vrednosti odzivov, ki smo jih dobili
z matemati¢nim (regresijskim) modelom, smo v obeh primerih potrdili z dodatnimi eksperimenti in model
uspesno validirali.

Rezultati naloge kaZejo, da uporaba hidrofilnih veziv v postopku termoplasticnega peletiranja omogoca
izdelavo aglomeratov s takojSnjim sproS€anjem slabo topne modelne ucinkovine. Tako termoplasti¢no
peletiranje predstavlja dobro alternativo klasi¢nim tehnoloskim postopkom. To velja predvsem v primeru veziv
z nizko viskoznostjo (makrogol gliceridi), pri vezivih visoke viskoznosti (poloksameri) pa je proces nekoliko
teZje nadzorovati. V tem primeru lahko potek peletiranja izboljSamo z uporabo visje temperature ogrevalnega
plad€a in mozZnostjo vpiha hladnega zraka, kar omogoc€a natan€en nadzor nad temperaturo produkta, s tem
pa tudi na stopnjo teko€inskega nasi¢enja in rast aglomeratov. Tudi obcutljivost postopka na spremembe
ostalih procesnih spremenljivk je mogoc¢e obvladovati z identifikacijo, optimizacijo in natanénim nadzorom
klju€nih parametrov.
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OPTIMIZATION OF THE PRODUCTION OF
LANSOPRAZOLE PELLETS BY THERMOPLASTIC
PELLETIZATION IN A HIGH SHEAR MIXER

V. KrosSelj

Krka, d.d., Novo mesto

Supervisor: F. VreCer

Krka, d.d., Novo mesto, Faculty of Pharmacy, University of Ljubljana

Thermoplastic pelletization in a high-shear mixer belongs to the group of hot-melt technologies, which
represent a viable alternative to classical pharmaceutical technological processes among which the coating
of neutral pellets and extrusion with spheronization are still the most popular. It offers a number of advantages,
particularly due to its simplicity, shorter processing times and cost effectiveness as well as suitability for the
incorporation of moisture-sensitive active ingredients. A chemically and physically versatile group of melting
binders assures flexibility in the design of the pharmaceutical dosage forms, which can be produced using the
above-mentioned process.

The aim of this study was to evaluate the thermoplastic pelletization process as a method for the production
of immediate-release matrix pellets containing a poorly soluble model drug — lansoprazole (chemical name
2-{[3-methyl-4-(2,2,2-trifluoroethoxy)-2-piridylJmethyl}-sulphonyl benzimidazole). Two types of binders were
used for the preparation of the pellets, macrogolglycerides (Gelucire® 44/14, Gelucire® 50/13) and poloxamers
(Lutrol® F68 and Lutrol® F127), which differ in rheological and thermal behavior. All used binders belong to
the group of surface active ingredients (with HLB-numbers higher than 10) and as such improve solubility of
poorly soluble drugs. Reference pellets were produced according to the classical process with microcrystalline
cellulose as the matrix former. It is known that the thermoplastic pelletization process is very sensitive to small
changes in composition and process parameters; therefore, changes in concentration of the binder, filler
particle size, concentration of the drug, addition of the binder, mixer speed, use of a chopper, temperature of
the heating jacket and mixing time were performed until pellets of appropriate size were obtained.

Sieve analysis of the produced pellets displayed wide distribution comparable to the reference pellets, which is
characteristic of direct pelletization in a high-shear mixer. This does not offer such a narrow distribution as e.g.
extrusion and spheronization. The density of pellets produced by thermoplastic pelletization was comparable
and the true density was somewhat lower than that of the reference pellets. Pellets produced with binders from
the group of macrogolglycerides displayed overall higher friability than those produced with poloxamers while
the friability of the reference pellets was somewhere in between. Microscopic analysis showed that pellets
produced with macrogolglycerides and Lutrol® F68 were round and smooth while agglomerates produced with
Lutrol® F127 were of an irregular shape and rugged surface.

The dissolution of lansoprazole from reference pellets depended on their size, being faster than the active
pharmaceutical ingredient in the case of smaller pellets and slower in the case of larger pellets. In thermoplastic
pelletization the resulting pellets displayed immediate release in all cases with 90% of lansoprazol being
dissolved in the first 30 min in the case of a macrogolglyceride binder. In the case of pellets produced using
poloxamer binders dissolution of the active ingredient was even faster. The dissolution profile was not
influenced considerably by the concentration of lansoprazole in the pellets, the type of filler used or the size of
the pellets, which is due to the immediate disintegration of the pellets in contact with the solvent. This increase
in the dissolution rate is attributed to the uniform distribution of lansoprazole in the matrix and the increased
wettability due to the presence of the thermoplastic binder. This was also confirmed with X-ray results and the
analysis of active ingredient distribution in pellet cross sections.

In the case of Gelucire® 50/13 and Lutrol® F68 we further analyzed the influence of different formulation
(quantity of binder used) and process parameters (rotor speed, mixing time and quantity of product) on the
total and effective yield of the process, the size of produced pellets and the quantity of unwanted by-products
(remaining undersized particles and lumps), by applying the Box-Behnken experimental design. The process
was monitored with the aid of torque, temperature of the product and time, which were also used to determine
the end point of pelletization.

The statistical analysis of the Box-Behnken experiments showed that the influence of the studied independent
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variables is very complex, since quadratic and interaction terms were present. The quantity of binder used
had the greatest influence on the effective yield, particularly at greater concentrations, when larger quantities
of lumps would form due to extensive agglomeration. Additional tests were performed in order to interpret the
results more easily. Only one parameter — time — was modulated and the results showed that the determining
mechanism of nucleation in the case of Gelucire® 50/13 is distribution of the binder and that agglomerates
grow steadily. In addition, an almost linear correlation between torque and mean pellet size was observed
which confirms the hypothesis that torque is an appropriate tool for determining the end point of the process.

Monitoring of the process was more difficult in the case of Lutrol® F68. Pellet size did not correlate with torque
and granulation graphs would only show the transition into the destructive phase of the process. Torque would
increase sharply and begin to fluctuate. The key parameter proved to be mixing time while, contrary to the
case of Gelucire® 50/13, the concentration of the binder had only limited influence. Experiments with different
mixing times showed that in the case of Lutrol® F68 both distribution and immersion mechanisms are present
in the nucleation phase and, similarly, that the consolidation phase is a combination of induction and steady
growth.

The Box-Behnken experimental design and the response surface methodology allowed both for the
determination of the influence of particular process parameters and for their optimization. The predicted
response values obtained mathematically (by regression model) were confirmed experimentally and the
models were successfully validated, regardless of the binder used.

The results of the present work show that the use of hydrophilic melting binders in the thermoplastic pelletization
enables the production of agglomerates with immediate release of a poorly soluble model drug. The process
itself proves to be a simple and effective alternative to classical technological processes. This is especially
the case with low viscosity binders (macrogolglycerides) whereas with high viscosity binders (poloxamers) the
process was somehow more difficult to control. In the latter case, it could be improved with higher temperatures
of the heating jacket and the use of cool inlet air, which would ensure better control of the temperature of the
product and thus of the level of liquid saturation and agglomerate growth. Also, the sensitivity of the process
to the changes in other process parameters can be overcome by their identification, optimization and careful
control.
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Dr. Damjan Sterk

Dr. Damjan Sterk je Ze v osnovni 30li, ki jo je obiskoval v Ljubljani, spoznal, da sta kemija in fizika
vedi, ki ga najbolj zanimata. »Ceprav me je Ze takrat vleklo v srednjo kemijsko 3olo, sem se v
gimnazijo vpisal zato, da pridobim 3irse splosno znanje. Imel sem sreco, da sem hodil na Gimnazijo
Sentvid, saj sem imel tam odli¢ne moZnosti za raziskovanje fizike in astronomije. Kljub temu pa sem
se na koncu le odlodil za Studij kemije.«

Pravi, da ga je vedno navdihovalo iskanje necesa novega. »To, da je ¢lovek sposoben narediti nekaj,
kar je boljse, kar je inovativno, da pride do napredka. Najbolj me pritegnejo nova spoznanja, nove
resnice. Tako sem se odlocil tudi za doktorski Studij na Kemijskem institutu, kjer sem zdaj zaposlen
kot raziskovalec v Laboratoriju za organsko sintezo in kemijo zdravil.«

Da mora biti raziskovalec predvsem zelo vztrajen in motiviran, se je pokazalo tudi pri njegovi
doktorski nalogi, v kateri se je ukvarjal s homogeno asimetri¢no katalizo, in sicer z razvojem novih
ligandov za asimetri¢no hidrogeniranje olefinov in asimetri¢no transfer hidrogeniranje ketonov.
»Kljub temu da je bilo narejenih Ze veliko ligandov za asimetri¢ne transformacije, ne obstaja neki
univerzalni ligand. Vsak substrat ima svojstvene lastnosti in za optimalno pretvorbo do kiralnega
produkta potrebujemo katalizator, ki je “krojen” posebej za ta substrat. Namen moje naloge je bil
razviti paleto novih ligandov. Sirok nabor dostopnih ligandov je namre¢ klju¢nega pomena za hiter
razvoj in visoko ucinkovitost dane transformacije do Zelenih opticno &istih spojin, ki so pomembni
gradniki v velikem Stevilu farmacevtskih ucinkovin, pesticidih, disavah in aromah.«

»Krkina nagrada mi pomeni dodatno javno potrditev, da je bila moja izbrana pot prava, in mi
predstavlja veliko spodbudo za nadaljnje delo. V prihodnje sicer ostajam zvest organski kemiji,
vendar nameravam svoje znanje Se razsiriti in se preizkusiti na Se kakSnem drugem, prav tako
zanimivem podrodju organske kemije.«

Dr. Sterk je prepri¢an, da lahko ¢lovek deluje celostno takrat, ko so zadovoljene vse plati Zivljenja.
»Ce pogledam v lu¢i vrednot, mi je kot raziskovalcu vsekakor med najpomembnejSimi znanje,
nato pa ze druzina in prijatelji. Zelo cenim dobre med<loveske odnose.« Tudi prosti ¢as mu veliko
pomeni. Kolikor je le mogoce, ga posveti Sportu. Obiskuje tudi gledaliSke predstave. »Tudi svoje
delo jemljem kot hobi. Obcasno se ukvarjam Se z astronomijo. Moja filozofija namrecd je, da je treba
v zivljenju delati in spoznavati razli¢ne stvari in si ustvariti Siroko bazo znanj.«

38



NOVI KIRALNI LIGANDI ZA ASIMETRICNE REDUKCIE

D. Sterk

Kemijski institut Ljubljana Slovenija

Mentor: B. Sket

Fakulteta za kemijo in kemijsko tehnologijo, Univerza v Ljubljani
Somentor: B. Mohar

Kemijski institut Ljubljana Slovenija

Stevilni enantiomeri kiralnih molekul so specifiéno bioloSko aktivni in predstavijajo aktivne sestavine v
farmacevtskih in agrokemijskih proizvodih, aromah, diSavah itd. Homogena asimetri¢na kataliza je zelo cenjena
tehnologija za pripravo visoko enantiomerno obogatenih spojin in omogoca pripravo velikih koli¢in Zeljenih
kiralnih spojin ob uporabi majhnih koli€in topnega katalizatorja, najpogosteje je to kovinski kompleks s kiralnim
ligandom. Asimetri¢no Rh-katalizirano hidrogeniranje olefinov in Ru-katalizirano transfer hidrogeniranje ketonov
sta zanimivi industrijski tehnologiji. Univerzalni ligand, ki bi ga lahko uporabili pri vseh Zeljenih transformacijah,
ne obstaja, zato se pojavlja potreba po Sirokem naboru razliénih ligandov/katalizatorjev. Pripravili smo nove
enantiomerno Ciste ligande in njihove Rh- ali Ru-katalizatorje za obe omenjeni tehnologiji, ki so pokazali visjo
enantioselektivnost in aktivnost v primerjavi z Ze uveljavljenimi ligandi.

Asimetri€no hidrogeniranje olefinov

Preko Jugé-Stephanove asimetricne poti smo v enantiomerno Cisti obliki in v visokih izkoristkih pripravili
serije novih P-stereogenih difosfinskih ligandov z etanskim ("SMS-Phos”), ferocenskim (“JDay-Phos”) in
rutenocenskim (“Jury-Phos”) mostom. Rodijevi kompleksi s pripravljenimi ligandi so pokazali visoko aktivnost
in enantioselektivnost (do 99.8% ee) pri hidrogeniranju Sirokega spektra prokiralnih olefinov. Z visokimi
enantiomernimi presezki in pod milimi pogoji nam je uspelo reducirati tudi tezavne substrate kot so 3,8-
disubstituirane dehidro-a-amino kisline, itakonati in atropi¢na kislina.
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Shema 1: Strukture sintetiziranih skupin P-stereogenih difosfinskih ligandov za Rh-katalizirano asimetri¢no
hidrogeniranje olefinov in primeri nekaterih spojin pripravljenih z uporabo rodijevih katalizatorjev s prikazanimi
ligandi.
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Izvedli smo tudi preliminarne mehanisticne Studije katalizatorjev (3'P NMR, X-Zarkovna analiza, vpliv
reakcijskih parametrov ipd.). Prvikrat se je pokazalo, da je bolj reaktiven katalizator-substrat kompleks, ki je
ve€inoma odgovoren za izid reakcije, tudi ve€inski diastereomer. Poleg tega smo preucili mozZnost uvedbe
steri¢no velikih skupin preko Jugé-Stephanove asimetri¢ne poti do P-stereogenih difosfinskih ligandov. Npr.,
ko je napad na fosforjev atom kiralnega 3,4-dimetil-2,5-difenil-1,3,2-oksazafosfolidin-2-borana (kljuénega
prekurzorja P-stereogenih spojin) oviran, pride do deprotonacije na benzilni skupini, kar vodi do nastanka
enantiomerno Cistega trans-(S;)-(N-metilamino)(fenil)(1-fenil-1-propeniloksi)fosfin-P-borana.

Asimetriéno transfer hidrogeniranje ketonov

Pripravili smo nove enantiomerno Ciste N-arensulfonil- in N-sulfamoil-1,2-difeniletilendiaminske ligande
in z njimi dobili odli¢ne enantiomerne presezke (do 99%) pri Ru(ll)-kataliziranem asimetricnem transfer
hidrogeniranju razli¢nih a-keto estrov in fluoroalkih ketonov. Te ligande smo tudi uspesno uporabili v kljuéni
stopniji sinteze montelukasta, antagonista levkotrienskih receptorjev.

R= NR',=
Ph,, _NHSO,R  0-NO,-CgH, Ph,, _NHSO,NR', % NMe,
L L » S
Ph NH #,0-Ll3-Leho (S,S)-DPEN-SO, Ph NH N Z
2 2,4,6-(MeO)s-CgHa e 2 ¢
2,4,6-iPr3-CgH, SN 7= 0, (CHy), (n=0-2)
(9] [Ru(ligand)(7%-aren)] OH
R1JLR2 HCO;H-Et3N, DMF RIT=R2
OH
OH
OH CO,Et 0 OH OH
/'\ | QeES /\/—\ /-\\
Ph™ "CO,Me MeO \ Ph CO,Et CO,Et
96% ee 95% ee 94% ee 76% ee 86% ee
OH OH R OH O
X X P AL I
FiC” “(CHasMe ¢ CaFy Fae L .
94% ee 98% ee 98% ee 99% ee 96% ee
dr 80:20
OH O OH O
OH O OH OH FaC o
FaC (6]
Fgc/'\)]\rBu . AN COEL cst/'\/ CO,Et <Y
99% ee 98% ee 99% ee 97% ee 97% ee
dr 89:11 dr 89:11
C = | OH CO,Me
=
Cl

O

Montelukast intermediat, 95% ee

Shema 2: Strukture pripravljenih N-arensulfonil- in N-sulfamoil-1,2-difeniletilendiaminskih ligandov za Ru-
katalizirano asimetri¢no transfer hidrogeniranje ketonov in nekateri kiralni alkoholi pripravljeni z uporabo
rutenijevih katalizatorjev s prikazanimi ligandi.
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Many enantiomers of chiral molecules possess specific biological activity and constitute the active ingredient
of pharmaceuticals, agrochemicals, flavours, fragrances, etc. Homogeneous asymmetric catalysis is a very
sought-after technology for the preparation of highly enantiomerically enriched compounds. It enables the
production of large amounts of a desired enantiomer by the use of catalytic amount of an optically active
metal complex of a chiral ligand through transformation of a prochiral substrate. Asymmetric Rh-catalyzed
hydrogenation of olefins and Ru-catalyzed transfer hydrogenation of ketones are interesting industrial
technologies. However, as no universal ligand exists that could be used in all desired transformations, a
diversity of ligands/catalysts is needed. We have prepared large series of enantiomerically pure ligands and
their catalysts for both technologies which showed enhanced enantioselectivities and activities compared to
established ones.

Asymmetric hydrogenation of olefins

A series of new P-stereogenic diphosphine ligands with ethane- (“SMS-Phos”), ferrocene- ("JDay-Phos”) and
ruthenocene- ("Jury-Phos”) bridges were prepared in enantiomerically pure form with high yields through the
Jugé-Stephan asymmetric route. Their rhodium complexes showed high activity and yielded high enantiomeric
induction (up to 99.8% ee) in the hydrogenation of a wide variety of olefins. Challenging substrates as ,3-
disubstituted dehydro-a-amino acids, itaconates and atropic acid were efficiently hydrogenated under mild
conditions.
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Figure 1: Prepared P-stereogenic diphosphine ligands for Rh-catalyzed asymmetric hydrogenation of olefins
and examples of compounds prepared.
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Preliminary mechanistic studies (*'P NMR, X-ray, variation of reaction parameters, etc) were carried out.
For the first time, we showed that the most reactive catalyst-substrate adduct, responsible for the reaction
outcome, is the predominant diastereomer by contrast to the general trend.

In addition, the Jugé-Stephan asymmetric route to P-stereogenic diphosphine ligands was studied
for the introduction of bulky groups. We found that when the attack on the phosphorus atom of the key
intermediate 3,4-dimethyl-2,5-diphenyl-1,3,2-oxazaphospholidine-2-borane is hindered, deprotonation on the
benzylic position of the heterocycle occurs leading to the formation of enantiomerically pure trans-(S,)-(N-
methylamino)(phenyl)(1-phenyl-1-propenyloxy)phosphine-P-borane.

Asymmetric transfer hydrogenation of ketones

Ruthenium catalysts of novel enantiomerically pure N-arenesulfonyl- and N-sulfamoyl-1,2-diphenylethylene-
diamine ligands showed excellent enantioselectivities (up to >99% ee) in transfer hydrogenation of various
classes of a-keto esters and fluoroalkyl ketones. These ligands were also succesfully employed in the key-
step preparation of Montelukast, a leukotriene receptor antagonist drug.
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Figure 2: Prepared N-arenesulfonyl- and N-sulfamoyl-1,2-diphenylethylenediamine ligands for Ru-catalyzed
asymmetric transfer hydrogenation of ketones and examples of prepared chiral alcohols.
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Dr. Jernej Wagger

Dr. Jernej Wagger prihaja iz Ljubljane, kjer je obiskoval Subi¢evo gimnazijo, nato pa se vpisal
na Fakulteto za farmacijo, kjer je vzljubil organsko kemijo. »Med izbirnimi predmeti v devetem
semestru sem bil edini iz generacije, ki sem si izbral predmet organske reakcije pri prof. dr. Branku
Stanovniku. Moja odlocitev je bila pravilna, saj sem bil pri tem predmetu zelo uspeden. Zato mi je
profesor Stanovnik najprej ponudil, da lahko pod njegovim mentorstvom opravljam diplomo in
nato Se doktorat. Delam kot raziskovalec v njegovi skupini.«

Pri raziskovalnem delu ga navdihujejo eksperimentiranje, razmisljanje, reSevanje problemov,
neznano na sploh. »Ker pa sem po osnovni izobrazbi farmacevt, je zame zelo zanimiva uporaba
organske kemije v sintezi spojin, ki imajo razli¢ne bioloske ucinke, in pa sinteza naravnih spojin.«

V doktorski nalogi se je ukvarjal s sintezo naravnih produktov in njihovih analogov. »Moje delo je
temeljilo na sintezi naravnih produktov oziroma njihovih analogov, ki v svoji strukturi vsebujejo
alfa, beta nenasiceni triptofan. Pri svojem delu sem odkril tudi zanimive lastnosti enega od sinteznih
intermediatov. Izkazalo se je namre¢, da sem ga lahko uporabljal kot kiralni solvatizirajoci reagent
pri dolocanju enantiomernih presezkov razli¢nih kiralnih aminov. V farmacevtski industriji je
analitika enantiomernih zmesi zelo pomembna in metoda, ki smo jo razvili, bi lahko gotovo nasla
prakti¢no uporabo tudi v tej panogi.«

»Krkina nagrada je potrditev, da sem na pravi poti, da delam dobro in pravilno, vsekakor pa
predstavlja tudi obvezo za naprej,« pravi znanstvenik, ki je bil neko¢ tudi Sportni telovadec. »Z
gimnastiko sem se aktivno ukvarjal skoraj deset let, zato so Sportni vzorci Se vedno zakoreninjeni
v meni. Med njimi lahko 3e posebej izpostavim disciplino in vztrajnost. Izjemno pa cenim tudi
postenost in iskrene odnose med ljudmi.« Prosti ¢as najraje izkoristi za Sport. »V glavhem tedem,
plavam, smucam, 3e najvec energije pa mi vzame moja triletna hcerkica.«
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Fakulteta za kemijo in kemijsko tehnologijo, Univerza v Ljubljani
Mentor: B. Stanovnik

Fakulteta za kemijo in kemijsko tehnologijo, Univerza v Ljubljani

Aminokisline uvr§€amo v pomembno skupino spojin, saj predstavljajo enega izmed osnovnih gradnikov Zivega
sveta. Zato ni naklju¢je, da v Zivem svetu najdemo Stevilne spojine, ki vsebujejo aminokislinski skelet in ki
sluzijo kot spojine vodnice v razvoju novih zdravilnih u€inkovin. a,B-Nenasi¢ene-a-aminokisline biosintezno
nastanejo iz a-aminokislin v razli€nih encimsko kataliziranih post-translacijskih reakcijah v sintezi peptidov.
Vsebujejo jih Stevilni sekundarni metaboliti oz. alkaloidi kot so npr.: cefalosporin C, spirotriprostatin B ter
azinomicina Ain B.

V nasi raziskovalni skupini se med drugim ukvarjamo tudi s pripravo razli¢nih enaminonskih reagentov, ki so
se Ze izkazali pri sintezi razlinih heterocikli¢nih sistemov in nekaterih analogov naravnih produktov, kot so
analogi aplisinopsina in meridianinov. Enaminonska sintezna strategija pa je e posebej primerna za pripravo
prekurzorjev a,B-nenasi¢enega triptofana (ATrp). Tako smo v naSem raziskovalnem delu pripravili razli¢ne
analoge dipodazina, alkaloida, ki so ga izolirali iz plesni Penicillium nalgiovense in alkaloidov triprostatina B, in
spirotriprostatina B izoliranih iz plesni Asperqgillus fumigatus. Omenjeni alkaloidi posedujejo zanimive bioloSke
oz. farmakoloSke ucinke. Tako so za nekatere analoge dipodazina dokazali inhibitorni u€inek razvojnega kroga
morskega raka viti¢njaka, kar jih uvr§¢a med potencialno uporabne sestavine biopremazov plovil, katerih
plovna povrsina je pogosto prekrita prav z viti€njakom. Za triprostaina A in B ter za spirotriprostatina Ain B pa
je bilo dokazano inhibitorno delovanje celicnega delitvenega cikla in sicer so za triprostatin A uspeli dokazati
dualni inhibitorni mehanizem polimerizacije mikrotubulov in topoizomeraze Il (Shema 1).
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Shema 1. Analogi alkaloidov dipodazina in triprostatina B pripravljeni z enaminonsko sintezno strategijo.
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Pripravili smo tudi nekaj N-benziloksikarbonil zaS¢&itenih derivatov ATrp, ki smo jih nato bodisi simetri¢no ali
asimetri¢no reducirali do nenasienih derivatov triptofana 1 (Shema 2).
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Shema 2. Simetri¢na ali asimetri¢na redukcija ATrp analogov v triptofanske analoge.

Med sintezo analogov dipodazina pa smo odkrili kiralno solvatizirajoCe lastnosti (S)-1-benzil-6-metilpiperazin-
2,5-diona 2. Spojina 2 tvori preko vodikovih vezi z razli¢nimi kiralnimi amini 3 diastereomerne heteromolekularne
dimerne asociate, kijih lahko opazujemo z NMR spektroskopijo in, kinam omogoc¢ajo dolo¢anje enantiomernega
presezka omenjenih aminov 3 (Shema 2).

Me =0
: /\N)\r/o ------ HN
PN O=8_ '
R2
2 (S)-3 THNMR ()3 (5)-3
R (R)-3 (R)-3
Ne =0
NJY/O ~~~~~~ H-N
©AZ\,N "R
9] H-----"0
R2
2 (R)-3 8.95 8.15

8.55
f1 (ppm)

Shema 3. Diastereomerni asociati spojine 2 z razlinimi kiralni amini 3 in diskriminacija spojin 3 v 'H NMR
spektru. Iz '"H NMR spektra je mogoce doloditi enantiomerni presezek spojin 3.
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Amino acids belong to important group of compounds, since they represent one of the building blocks of life. It
is not a surprise that in living world one can find numerous compounds which consist of amino acids and serve
as a lead compounds in the drug discovery. a,3-Unsaturated-a-amino acids belong to a group of amino acids
bio-synthesised from a-amino acids in various post-translation enzyme catalysed reactions in the synthesis
of peptides and can be found in several natural products and alkaloids as for example: cephalosporine C,
spirotryprostatin B and azinomycins A and B.

In our research group, among the others, we are also involved in the preparation of various enaminone based
reagents, which were already successfully used in the synthesis of numerous heterocyclic compounds and
some natural product analogues, as for example analogues of aplysinopsin and meridianine. Enaminone
based synthetic strategy is very well suited for the synthesis of a,B-unsaturated tryptophan derivatives (ATrp).
In our research work, we have prepared various analogues of dipodazine, an alkaloid that was isolated
from Penicillium nalgiovense, and tryprostain B and spirotryprostatin B, alkaloids isolated from Aspergillus
fumigatus. These alkaloids possess interesting biological and pharmacological activities. For some analogues
of dipodazine, it was shown on their antifouling activity, thus making them potential ingredients of bio-antifouling
paints for maritime crafts. For tryprostatins A and B and spirotryprostatins A and B a cell cycle inhibition was
found, while for the tryprostain A a dual inhibition mechanism of microtubule polymerization and topoisomerase
I was confirmed (Scheme 1).
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Scheme 1. Analogues of alkaloids dipozadine and tryprostatin B prepared by enaminone based synthetic
strategy.
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Also some N-benzyloxycarbonyl protected derivatives of ATrp were prepared and reduced symmetrically or
asymmetrically to their tryptophan analogues 1 (Scheme 2).
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Scheme 2. Symmetric or asymmetric reduction of ATrp analogues to tryptophan analogues.

During synthesis of dipodazine analogues a chiral solvating properties of (S)-1-benzyl-6-methylpiperazine-
2,5-dione 2 were discovered. Compound 2 interacts with various chiral amines 3 through hydrogen bonds,
thus forming diastereomeric heteromolecular dimeric associates that can be observed by NMR spectroscopy
and enable enantiomeric excess determination of previously mentioned amines 3 (Scheme 3).
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Scheme 3. Diastereomeric associates of 2 with various chiral amines 3 and '"H NMR spectrum of 3. Enantiomeric
excess of 3 can be determined from 'H NMR spectrum.
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NACRTOVANIJE IN SINTEZA MIMETIKOV
PREKURZORJEV PEPTIDOGLIKANA

A. Babic¢

Fakulteta za farmacijo, Univerza v Ljubljani
Mentor: S. Pecar

Fakulteta za farmacijo, Univerza v Ljubljani

Ze ob koncu 60. let se je &lovestvo sooéilo s problemom bakterijske rezistence ¢loveku nevarnih patogenih
mikroorganizmov. ZmanjSan razvoj novih protimikrobnih ucinkovin in velik evolucijski pritisk z veliko uporabo
znanih antibiotikov in kemoterapevtikov sta povzrocila, da so bakterije pospeSeno uporabile svoj rezistom,
za pridobitev rezistence na prakti¢no vse vrste antibiotikov v klini¢ni uporabi. Ve¢ kot o€itno je, da je potreba
ClovesStva po nenehnemu iskanju in razvoju novih antibiotikov izjemno velika. Raziskave novih protimikrobnih
ucinkovin se usmerjajo v modulacijo novih tar¢ v bakterijah, ki bi zavirale njihovo rast po doslej $e neznanih
mehanizmih. Mur encimi, ki sodelujejo pri biosintezi peptidoglikana, bistvenega dela bakterijske celicne
stene, predstavljajo dobro raziskana in validirana tar€na mesta. V okviru te doktorske disertacije smo
nacrtovali in sintetizirali mimetike peptidoglikanskih prekurzorjev z namenom inhibicije encimov, ki sodelujejo
pri citoplazemskih stopnjah biosinteze peptidoglikana. Sintetizirali smo nove mimetike prehodnega stanja,
s katerimi smo sku$ali oponaS$ati tetrahedricno prehodno stanje Mur ligaz. V sklopu tega dela smo razvili
sintezne pristope, ki omogocajo sintezo hidroksietilaminskih dipeptidov in acetiliranih dipeptidov z reducirano
peptidno vezjo. Sintetizirali smo tudi analoge dveh pomembnih peptidoglikanskih prekurzorjev: UDP-N-
acetil-glukozamina and UDP-N-acetil-muraminske kisline. S konvergentno sintezo smo sintetizirali spojine, ki
imajo difosfatni del nadomes$¢en z O- in N-sulfamoilno skupino. Tako smo dobili stabilne analoge substratov
Mur encimov, ki smo jih smo biolodko ovrednotili. IzboljSali smo tudi totalno kemijsko sintezo UDP-N-acetil-
muraminske kisline, ki je substrat MurC ligaze in izvedli prvo totalno sintezo UDP-N-acetil-muramoil-L-alanina,
ki je substrat MurD ligaze. Komercialno nedostopni in strukturno kompleksni substrati Mur encimov so potrebni
za bioloSko testiranje novih inhibitorjev. Sintezno strategijo smo izboljsali in na bistvenih mestih modificirali.

DESIGN AND SYNTHESIS OF THE PEPTIDOGLYCAN
PRECURSOR MIMETICS

A. Babic¢

Faculty of Pharmacy, University of Ljubljana
Supervisor: S. Pecar

Faculty of Pharmacy, University of Ljubljana

By the end of the sixties humanity faced an increasing problem of antimicrobial resistence. Lack of research
and development in new antimicrobial agents and high evolutionary pressure on bacteria by the use of known
antibiotic have led to the emergence of resistance to virtually all antibiotic classes in clinical use today. The
research efforts towards the development of new antibiotics are focusing on modulation of new essential
targets in bacteria. Mur enzymes which catalyze the cytoplasmic steps of the cell wall biosynthesis constitute
an established and validated group of targets. Peptidoglycan precursor mimetics have been designed and
synthesized with the intent to inhibit essential enzymes involved in the cytoplasmic peptidoglycan biosynthesis.
The design and synthesis of novel transition state mimetics which mimic the tetrahedral transition state in the Mur
ligases is presented. Synthetic routes which allow convenient synthesis of hydroxyethylamine and acetylated
reduced amide dipeptide isosteres have been developed. Diphosphate analogues of UDP-N-acetylmuramic
acid and UDP-N-acetylglucosamine have also been synthesized. O- and N-sulfamoyl moieties have been
introduced in place of the diphosphate by a convergent synthesis giving stable diphosphate mimetics of the
peptidoglycan precursors which have been biologically evaluated. In the end the total chemical syntheses of
UDP-N-acetylmuramic acid and UDP-N-acetylmuramoyl-L-alanine, the nucleotide substrates of the MurC and
MurD ligases are presented. Commercially unavailable and structurally complex substrates of Mur ligases are
needed for the biochemical evaluation of new inhibitors. The multi-step synthetic strategy has been improved
and modified at several key reaction steps.
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AVTOMATSKA VIZUALNA KONTROLA KAKOVOSTI
TABLET IN KAPSUL

M. Bukovec

Fakulteta za elektrotehniko, Univerza v Ljubljani
Mentor: F. Pernu$

Fakulteta za elektrotehniko, Univerza v Ljubljani

Avtomatska vizualna kontrola kakovosti tablet in kapsul je zahtevna, ker so tablete in kapsule razli¢nih velikosti,
oblik, barv ter imajo razlicne oznake in ker se na njih pojavljajo razlicne napake. Predlagali, vrednotili in
primerjali smo tri metode za avtomatsko vizualno kontrolo kakovosti tablet in kapsul. Geometrijska, statisti¢na
in neparametri¢na statisticna metoda so zasnovane za dvodimenzionalne slike tablet in kapsul, ki so slikane iz
tlorisa. Med seboj se razlikujejo v vrsti predznanja, s katerim modelirajo pojavnost izdelka na sliki. Predznanje
o pojavnosti izdelka na sliki je zajeto z modelom pojavnosti, ki predstavlja jedro posamezne metode. Rezultati
razvr§canija, ki so bili ovrednoteni z ROC analizo na petih razli¢nih vrstah tablet in eni vrsti kapsul, kazejo, da je
med tremi predlaganimi postopki neparametri¢na statisticha metoda najbolj univerzalna posamezna metoda.
Vendar se je metoda, ki zdruzuje znacilnice geometrijske, statisticne in neparametricne metode, izkazala
za najboljSo, saj je imela vedno enako ali boljSo obc&utljivost razvr§€anja kot katerakoli od treh posameznih
metod. Hitrost razvr§€anja tablet in kapsul s predlaganimi postopki je predvsem odvisna od povrsine objekta,
ki ga analiziramo. Hitrosti avtomatske kontrole kakovosti do 100 izdelkov na sekundo ali 360.000 izdelkov/h
so za manjSe tablete in kapsule realne in v praksi izvedljive. Predstavljene metode so splo$no in obetajoCe
orodje za avtomatsko vizualno kontrolo kakovosti tablet in kapsul.

AUTOMATED VISUAL INSPECTION OF TABLETS AND
CAPSULES

M. Bukovec

Faculty of Electrical Engineering, University of Ljubljana
Supervisor: F. Pernu$

Faculty of Electrical Engineering, University of Ljubljana

Automated visual inspection of tablets and capsules is very demanding because products come in different
sizes, shapes, colours, and imprints and have different surface defects. Three alternative methods for
automated visual inspection of tablets and capsules are proposed, evaluated and compared. The geometrical,
statistical and non-parametrical statistical methods are proposed for the analysis of 2D planar images of
tablets and capsules. The problem becomes more manageable if some a priori knowledge of the imprint
shape and/or appearance is incorporated into the tablet and capsule feature estimation. The proposed image
analysis methods differ in image appearance models they incorporate. The classification results, evaluated
by ROC analysis, of five different types of tablets and one type of capsules, indicate that the non-parametrical
statistical method yields better defect detection sensitivity and specificity than the statistical and geometrical
methods. The method incorporating features from all three methods proved to be the best, having equal or
better defect detection sensitivity as any of the three individual methods. Since the inspection speed depends
mainly on the object size, smaller tablets and capsules could easily be inspected with the speed of 100 tablets
per second, i.e. 360,000 tablets per hour, which is sufficient for the current pharmaceutical tablet production
rates and outperforms all of the currently available tablet inspection machines. The proposed image analysis
methods are quite general and promising tools for automated visual inspection of pharmaceutical tablets and
capsules.

52



OPTICNI SENZORJI ZA KONTINUIRANO SPREMLJANJE
OGLJIKOVEGA DIOKSIDA

M. Cajlakovié

Institut za kemijo, Karl Franzens Universitat Graz
Mentor: V. Ribitsch

Institut za kemijo, Karl Franzens Universitat Graz

Znanje o podkoznem tkivu med travmatskimi situacijami je zelo omejeno, zato opti¢ni senzorji, ki so sposobni
dolocanja metabolitskih parametrov (pH, pCO, and pO,) igrajo pomembno vlogo pri karakterizaciji podkoznega
tkiva in so pomembni za spremljanje sprememb v mikrovaskularnem krvnem toku in pri oskrbi tkiva z kisikom.
Razvoj instrumentacije primerne za kontinuirano spremljanje parcialnega pritiska pCO, v podkoznem tkivu pri
kriti€no bolnih pacientih je bil eden izmed ciljev evropskega projekta imenovanega CLINICIP (Closed Loop
Insulin Infusion in Critically lll Patients). Za ostvaritev dolo¢enih ciljev sta bila uporabljena dva principa: (1)
DLR (Dual Luminophore Referencing) in RET-bazirani princip (Resonance Energy Transfer). DLR tehnika
dolo¢anja temelji na uporabi pH indikatorja 8-hidroksipiren-1,3,6-trisulfonske kisline (8-hydroxypyrene-1,3,6-
trisulfonic acid trisodium salt HPTS) kot analit-odvisno barvilo in inertnega referenénega dolgo-zivecega
luminoforja (rutenijev kompleks imobiliziran v poliakrilonitrilne nano delce za zmanj$anje kisikovega vpliva). Pri
RET principu gre za prenos energije od inertnega dolgo-zive€ega luminoforja (rutenijev kompleks) kot donor
k deprotonirani obliki pH-obcutljivega kratko-Zive€ega indikatorja kot akceptor. V obeh primerih je metoda
merjenja takoimenovana fazno modulacijska fluorometrija. Da bi se vzpostavilo ali so spremembe pCO, in
pO, v podkoznem tkivu med fazo Soka in oZivljanja dejansko uporaben pokazatelj klini¢nih pogojev pacientov,
so bili izvedeni in-vivo poskusi na Zivalih in zdravih prostovoljcih s kombinacijo mikrodialize za ekstrakcijo
medceliCne tekocine in opti¢nih CO, senzorjev.

OPTICAL SENSORS FOR CONTINUOUS CARBON
DIOXIDE MONITORING

M. Cajlakovié

Institut fur Chemie, Karl Franzens Universitat Graz
Mentor: V. Ribitsch

Institut fur Chemie, Karl Franzens Universitat Graz

The knowledge about adipose tissue during traumatic situations is very limited, therefore optical sensors
capable of determination of metabolic parameters (pH, pCO, and pQO,) are playing an important role
to characterise adipose tissue and to monitor the changes in the micro vascular blood flow and in tissue
oxygenation. The development of instrumentation suitable for continuous monitoring of pCO, in the adipose
tissue of intensive care patients and pO, was one of the objectives of European project CLINICIP (Closed
Loop Insulin Infusion in Critically Ill Patients). To realise defined goal, two sensing principles were followed:
(1) DLR-based sensing technique and (2) FRET-based approach. DLR is based on use of pH-indicator 8-
hydroxypyrene-1,3,6-trisulfonic acid trisodium salt (HPTS) as analyte-dependent dye and an inert reference
long-lifetime luminophore (ruthenium complex entrapped in poly(acyrlonitrile) nanobeads to reduce oxygen
cross-sensitivity). RET is using an inertlong-living luminophore (ruthenium complex) as donor and deprotonated
form of pH-sensitive short-living indicator as acceptor. Phase modulation fluorometry was used as measuring
principle. In-vivo experiments on animal and healthy volunteers have been performed in order to examine
tissue gas tensions during the shock and resuscitation phase and to investigate the changes of pCO, and pO,
in subcutaneous tissue as useful information for clinical conditions of patients. Microdialysis was the approach
for the extraction of the sample from the subcutaneous adipose tissue, the drawn interstitial fluid flows through
a microfluidic circuit composed of CMA 60 microdialysis catheter to the optical sensor.
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NOVI DEJAVNIKI TVEGANJA TER FUNKCIJSKE IN
MORFOLOSKE SPREMEMBE ARTERIJSKE STENE PRI
MLAJSIH KORONARNIH BOLNIKIH

B. Erzen

Klini¢ni oddelek za Zilne bolezni, Univerzitetni klini¢ni center Ljubljana
Mentor: P. Poredo$

Klini¢ni oddelek za Zilne bolezni, Univerzitetni klini¢ni center Ljubljana

Stevilni, zlasti mladi bolniki utrpijo sréni infarkt brez prisotnih klasiénih dejavnikov tveganja za aterosklerozo.
Namen naloge je bilo ugotoviti, ali imajo mladi bolniki po prebolelem srénem infarktu prisotno endotelno
disfunkcijo (ED) in zve€ano prisotnost vnetnih pokazateljev v krvi, ter najti dodatne pokazatelje Zilne funkcije
in morfologije, ki bi omogo€ili boljSo oceno koronarne ogroZenosti pri teh bolnikih. V raziskavo so bili vklju&eni
mlajSi moski bolniki v stabilnem obdobju po prebolelem srénem infarktu bodisi z veliko ali majhno prisotnostjo
klasi¢nih dejavnikov tveganja, kontrolno skupino pa so predstavljali zdravi, enako stari mo$ki. V raziskavi
smo med posameznimi skupinami preiskovancev primerjali ED, ki smo jo izracunali s pomocjo ultrazvoénega
dolo¢anja od endotelija odvisne dilatacije brahialne arterije, vnetne pokazatelje v krvi, ter ostale pokazatelje Zilne
funkcije in morfologije (debelino intime-medie (IMT), gleZenjsko-sistolni indeks in pulzni pritisk) ter ocenjevali
ledvi€¢no delovanje, merjeno z glomerulno filtracijo (GFR). Na$a raziskava je pokazala: da ED ni povzrogena
samo s klasi¢nimi, temvec tudi z neklasi¢nimi dejavniki tveganja; da prisotnost klasi¢nih dejavnikov tveganja
0z. njihova odsotnost ne vpliva na raven vnetnih pokazateljev v krvi v stabilnem obdobju po prebolelem
srénem infarktu, z izjemo vrednosti interlevkina 6 ki je povecana pri vseh bolnikih po prebolelem srénem
infarktu; da je interlevkin 6 verjetno najbolj ustrezen cirkulirajoci pokazatelj (zilnega) vnetja in ED pri bolnikih
po prebolelem srénem infarktu; da sta ED in IMT pri mladih moskih po prebolelem srénem infarktu boljSa
pokazatelja koronarne ogrozenosti kot klasi¢ni dejavniki tveganja; da so vrednosti GFR pomembno povezane
z nekaterimi pokazatelji ateroskleroti¢nega procesa.

NOVEL RISK FACTORS AND FUNCTIONAL AND
MORPHOLOGICAL CHANGES OF THE ARTERIAL WALL
IN YOUNG CORONARY PATIENTS

B. Erzen

Clinical Department of Vascular Diseases, University Medical Centre Ljubljana
Supervisor: P. Poredo$

Clinical Department of Vascular Diseases, University Medical Centre Ljubljana

Younger patients frequently suffer myocardial infarction (MI) in the absence of classical risk factors of
atherosclerosis. Aim of the study was to establish, whether young post-MIl patients have endothelial
dysfunction (ED) and increased presence of inflammation markers in the blood; to find out which markers
of vascular function and morphology enable better risk estimation in these patients. Younger male patients
in the stable phase after Ml with either high or low expression of risk factors were included in the study.
The control group consisted of healthy age-matched males. In the study we compared ED (estimated by
ultrasound measurement of the endothelium-dependent dilation of the brachial artery), vessel inflammation
markers in the blood and other markers of vascular function and morphology (intima-media thickness (IMT),
ankle-brachial pressure index and pulse pressure) between different groups and investigated renal function,
determined by glomerular filtration rate (GFR). Our study has showed: that ED is not due only to classical, but
also to non-classical risk factors; that the presence of classical risk factors or their absence does not affect the
levels of inflammation markers in the stable period after MI, with the exception of interleukin 6; that interleukin
6 appears to be the most suitable marker of (vascular) inflammation; that in young post-MI patients ED and
IMT are better markers of coronary risk than classical risk factors; that GFR correlates to several markers of
the atherosclerotic process.
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VPLIV STRUKTURNIH SPREMEMB PRIONSKEGA
PROTEINA NA INFEKTIVNOST IN VEZAVO
SPECIFICNIH REAGENTOV

I. Hafner Bratkovié

Kemijski institut Ljubljana Slovenija
Mentor: R. Jerala

Kemijski institut Ljubljana Slovenija

Prionske bolezni, Alzheimerjeva in Parkinsonova bolezen spadajo med nevrodegenerativne bolezni, pri
katerih v mozganih nastajajo netopni amiloidni agregati. Prionske bolezni so edine izmed teh tudi nalezljive.
Pod vplivom prionov se nativna oblika prionskega proteina (PrP) pretvori v netopen agregat, PrPse katerega
trodimenzionalne strukture ni mogoc¢e dolociti. Z uvedbo novih disulfidnih vezi smo v PrP imobilizirali
posamezne strukturne segmente. Z rezultati in vitro ter na celi€nih linijah smo v nasprotju z ve€ino dosedanjih
modelov PrPse ugotovili, da se pri pretvorbi velik del strukture PrP ohrani. Analizirali smo tudi vezavo protitelesa
V5B2 in fluorescenénih spojin na razlicne konformacijske oblike rekombinantnega PrP. Ugotovili smo, da
fluorescenéne spojine (kurkumin, FDDNP ipd.) specificno prepoznajo le spremenjene oblike PrP in se na
nativnho obliko ne veZejo. Kurkumin kot spojina naravnega izvora z dolgo tradicijo uporabe v prehrani in
zdravilstvu predstavlja odli¢no izhodi&Ce za terapijo, druge spojine pa bodo uporabne za diagnostiko prionskih
in sorodnih nevrodegenerativnih bolezni.

INFLUENCE OF PRION PROTEIN STRUCTURAL
CHANGE ON INFECTIVITY AND BINDING OF
SPECIFIC REAGENTS

I. Hafner Bratkovié

National Institute of Chemistry Ljubljana Slovenia
Supervisor: R. Jerala

National Institute of Chemistry Ljubljana Slovenia

Prion diseases, Alzheimer’s and Parkinson’s disease are neurodegenerative diseases, characterized by
insoluble protein aggregates, however, only prion diseases are infectious. During disease progression native
prion protein (PrP) under influence of infectious prion changes conformation into insoluble amyloid, PrPse,
3D structure of which could not be determined. We restricted different parts of PrP structure by introduction
of disulfide bonds. Our results based on cell culture and in vitro studies show that most of the PrP structure
is conserved during conversion which is in contrast to majority of published PrPSc models. We also studied
binding of antibody V5B2 and fluorescent compounds (curcumin, FDDNP etc.) to different conformations
of recombinant PrP. Fluorescent compounds specifically recognized abnormal, but not native form of PrP.
Curcumin as compound of natural origin with long tradition in human diet represents excellent starting-point
for therapy, while other compounds have a great potential for diagnostics of prion and related diseases.
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DOLOCEVANIJE IZBRANIH TERPENSKIH IN FENOLNIH
SPOJIN V RASTLINSKIH EKSTRAKTIH S PLINSKO
KROMATOGRAFIJO IN MASNO SPEKTROMETRIJO

M. Islaméevié Razborsek

Fakulteta za kemijo in kemijsko tehnologijo, Univerza v Mariboru
Mentorica: D. Brodnjak Von¢ina

Somentor: V. DoleCek

Fakulteta za kemijo in kemijsko tehnologijo, Univerza v Mariboru

Razvili smo enostavno, pravilno in natanéno analizno metodo za dolo€anje devetih izbranih fenolnih in
terpenskih spojin v razli¢nih rastlinah iz druzine ustnatic in v rastlinskih produktih. Izbrane preiskovane
spojine so iz skupine fenolnih kislin (cis-, frans-roZmarinska in cis-, trans-kavna kislina), fenolnih diterpenov
(karnozolna kislina in produkti njene razgradnje) in pentacikli¢nih triterpenov (betulin, oleanolna, betulinska in
ursolna kislina). Ekstrakcija spojin je potekala v ultrazvo€ni kopeli ob uporabi mes$anice topil tetrahidrofurana,
etanola in piridina. Temu je sledilo CiS¢enje ekstraktov z ekstrakcijo na trdni fazi in z velikostno izkljucitveno
kromatografijo. Razvita metoda temelji na lo€evanju in dolo€anju spojin po postopku derivatizacije s plinsko
kromatografijo in masno spektrometrijo. Preverjali smo tudi stabilnost izbranih spojin ob izpostavljanju razli¢nim
pogojem. Stabilnostni testi so pokazali, da fenolne kisline pod vplivom UV svetlobe, poviSane temperature
in ob prisotnosti dolo€enih topil izomerizirajo iz trans v cis obliko. Diterpenske spojine se ob enakih pogojih
razgrajujejo oz. pretvarjajo v druge spojine. Nekatere razgradne produkte smo identificirali.

DETERMINATION OF SELECTED TERPENIC AND
PHENOLIC COMPOUNDS IN PLANT EXTRACTS BY GAS
CHROMATOGRAPHY AND MASS SPECTROMETRY

M. Islaméevi¢ Razborsek

Faculty of Chemistry and Chemical Engineering, University of Maribor
Supervisor: D. Brodnjak Voncina

Co-supervisor: V. Dole¢ek

Faculty of Chemistry and Chemical Engineering, University of Maribor

A simple and precise analytical method has been developed for determination of nine selected phenolic
and terpenic compounds in different plant species from Lamiaceae family and plant products. Selected
compounds are from the groups of phenolic acids (cis-, frans-rosmarinic and cis-, trans-caffeic acid), phenolic
diterpenes (carnosic acid and products of its degradation process) and pentacyclic triterpenoids (betulin,
oleanolic, betulinic and ursolic acid). Extraction of the compounds was performed in an ultrasonic bath using
a solvent mixture of tetrahydrofuran, ethanol and pyridine. The extracts were additionally cleaned with solid
phase extraction and size exclusion chromatography. Developed procedure is based on the separation and
determination of the compounds after derivatisation with gas chromatography and mass spectrometry. Stability
of the selected compounds exposed to different conditions was established. The stability tests showed the
isomerisation of the phenolic acids from trans to cis form caused by UV light, high temperature or presence
of some solvents. Under the same conditions the diterpenic compounds were decomposed or transformed to
the other compounds. Some of the decomposing compounds were identified.
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TERMODINAMICNE LASTNOSTI VODNIH RAZTOPIN
IZOTAKTICNE POLIMETAKRILNE KISLINE

B. Jerman

Fakulteta za kemijo in kemijsko tehnologijo, Univerza v Ljubljani
Mentorica: K. Kogej

Fakulteta za kemijo in kemijsko tehnologijo, Univerza v Ljubljani

Vodne raztopine izotakticne polimetakrilne kisline (i-PMA) so kljub zelo svojskim lastnostim precej slabo
raziskane. Z meritvami in izraCuni termodinamskih lastnosti i-PMA ter primerjavo le-teh z atakticno oz.
konvencionalno PMA (a-PMA) sem ugotovil razloge za drugac¢no topnost in obnasanje obeh stereoizomer
pri nizkih stopnjah ionizacije ter razlozil razlike v konformacijskem prehodu v procesu nabijanja verige. S
pomocjo kalorimetriCnih in potenciometri¢nih merjenj sem predlagal dva modela, ki razlozita obnaSanje verig
obeh stereoizomer tekom procesa ionizacije. Meritve dinami¢nega sipanja svetlobe ter navideznih molskih
volumnov so pokazale teznjo verig i-PMA k medmolekulski asociaciji pri nizkih stopnjah ionizacije. Za razlago
konformacije verig i- in a-PMA sem si pomagal tudi z izraduni molekulske dinamike. Ugotovil sem tudi, da
je gostota naboja na verigi i-PMA vecja kot v primeru a-PMA, kar je v primeru i-PMA posledica orientacije
funkcionalnih skupin na verigi v obliki vijacnice.

THERMODYNAMIC PROPERTIES OF ISOTACTIC
POLY(METHACRYLIC ACID) IN AQUEOUS SOLUTIONS

B. Jerman

Faculty of Chemistry and Chemical Technology, University of Ljubljana
Supervisor: K. Kogej

Faculty of Chemistry and Chemical Technology, University of Ljubljana

Aqueous solutions of isotactic poly(methacrylic acid) (i-PMA) show very peculiar behavior, but sadly, were of
little interest in the past. Thermodynamic properties for i-PMA have been measured and compared with the
ones for atactic PMA (a-PMA) in dependence on degree of ionization. Reasons for differences in solubility
and in conformational transition during the ionization process have been explained for both polymers. Two
different molecular models were used to describe peculiar behavior of both chains during the ionization
process. Dynamic light scattering measurements and apparent molar volume have shown great tendency
of i-PMA chains towards intermolecular association. Molecular dynamics images on both PMA isomers were
used to explain the conformation of both chains. Results have also shown greater charge density on i-PMA
chain, which was attributed to locally helical conformation of the i-PMA chain.

57




NACRTOVANJE REZIMOV ODMERJANJA VARFARINA,
RISPERIDONA IN HALOPERIDOLA Z METODAMI
KLINICNE FARMAKOKINETIKE
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Fakulteta za farmacijo, Univerza v Ljubljani
Mentor: |. Grabnar

Fakulteta za farmacijo, Univerza v Ljubljani

Optimalni terapevtski uc€inek zdravil z u€inkovinami, za katera je znacilna velika interindividualna variabilnost
(IIV) v farmakokineti¢nih (FK) parametrih, je mo¢ doseci z nacrtovanjem individualnega odmerjanja zdravil.
Osnovo za uspedno nacrtovanje individualnega odmerjanja daje populacijska FK analiza, ki omogoca
prou€evanje vplivov razli¢nih dejavnikov na IV v FK parametrih. V okviru prve raziskave smo proucevali
antikoagulacijsko zdravljenje z varfarinom, za katerega sta znacilna velika 11V v viSini potrebnega dnevnega
odmerka ter ozko terapevtsko okno. Ugotovili smo, da je vzrok za razlike v potrebnem dnevnem odmerku
varfarina razli¢en metabolizem S-varfarina in da je njegov plazemski oCistek najvedji pri nosilcih dveh normalnih
alelov CYP2C9, pri nosilcih enega polimorfnega alela je za polovico manjsi, pri nosilcih dveh polimorfnih alelov
pa je zmanjSan za 70%. Izsledki te raziskave so bili uporabljeni pri posodobitvi povzetka glavnih znadilnosti za
varfarin, ki ga je avgusta leta 2007 odobrila agencija za zdravila v ZDA. V drugi raziskavi smo povezali veliko
[IV v FK lastnostih risperidona in haloperidola s pojavnostjo neZelenih u€inkov oz. ekstra-piramidnih moten;j
gibanja. Razvili smo populacijski FK model risperidona, s katerim smo pojasnili, da in vivo iz risperidona
nastaja predvsem (+)-9-hidroksirisperidon in da genetski polimorfizem CYP2D6 pomembno vpliva na hitrost
te pretvorbe. Ugotovili smo, da je pri bolnikih, ki so izkazovali ekstrapiramidne motnje gibanja, koncentracija
aktivne oblike risperidona pomembno vecja v primerjavi z bolniki, ki teh nezelenih uc€inkov niso izkazovali, kar
nakazuje na potencialno korist genotipizacije CYP2D6 pri uvajanju antipsihotiCne terapije z risperidonom.

CLINICAL PHARMACOKINETICS OF WARFARIN,
RISPERIDONE, AND HALOPERIDOLE: IMPLICATIONS
FOR DOSING REGIMEN DESIGN

I. Locatelli

Faculty of Pharmacy, University of Ljubljana
Supervisor: |. Grabnar

Faculty of Pharmacy, University of Ljubljana

Individual dosing regimen design is important for achieving optimal therapeutic outcome of drugs with large
inter-individual variability (11V) in pharmacokinetic (PK) parameters. With population PK approach the factors
influencing the 11V of PK parameters can be evaluated, allowing designing individual dosing regimen. In the first
study warfarin pharmacokinetics was investigated. Warfarin is an anticoagulant drug with narrow therapeutic
index and high IV in dose requirement. Thus, based on clinically relevant factors personalized pharmacotherapy
for warfarin was suggested. CYP2C9 genotype was found to be the most important factor influencing S-
warfarin plasma clearance. In comparison to the patients homozygous for wild type allele the patients carrying
only one and those carrying two polymorphic CYP2C9 alleles had 50% and 70% lower S-warfarin clearance,
respectively. The results of this study were included in the new labeling information for warfarin, approved by
the FDA in August 2007. In the second study, risperidone and haloperidol pharmacokinetics were evaluated
and relationship between PK and extrapyramidal adverse effects was assessed. A population PK model
was developed revealing that (+)-9-hydroxyrisperidone was the main metabolite of risperidone in vivo and
that CYP2D6 genotype significantly influenced (+)-9-hydroxyrisperidone formation clearance. Patients with
extrapyramidal symptoms had higher plasma concentration of risperidone active moiety, suggesting that
these patients could benefit from previous CYP2D6 genotyping and consequent reduction of risperidone dose
level at the initiation of the therapy.
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GENETSKI BIOOZNACEVALCI PRI HUNTINGTONOVI
BOLEZNI
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Huntingtonova bolezen (HB) je avtosomno dominantno dedna nevrodegenerativha bolezen s prevalenco
1/10.000 v vecini evropskih drzav. Bolezen je usodna po 15-20 letih progresivne nevrodegeneracije. Zdravila
zaenkrat $e ne poznamo. Ceprav sta bila gen, odgovoren za HB in mutacija odkrita Ze leta 1993, sta funkcija
normalnega huntingtina in mehanizem, kako mutacija vodi do nevrodegeneracije, e vedno neznanka.
Rezultati nedavnih raziskav so pokazali, da je mutirani huntingtin vpleten v delovanje splo3nih transkripcijskih
faktorjev, ki se izrazajo v Stevilnih tkivih. Zato je mozno, da so motnje transkripcije prisotne v tkivih izven
centralnega ziv€énega sistema, tudi v krvi. Predpostavili smo, da bi z analizo globalne genske ekspresije v
krvi pri bolnikih s HB in nosilcih mutacije odkrili znacilne ekspresijske profile, ki bi sluzili kot biooznacevalci.
Odkriti biooznacevalci bi bili lahko uporabni kot orodje za napovedovanije zacetka simptomov in napredovanja
bolezni po pojavu simptomov, za boljSe razumevanje patogenetskih mehanizmov bolezni, in v prihodnosti za
oceno odgovora na nove oblike zdravljenja HB. Pokazali smo, da so v Kkrvi preiskovancev s HB v primerjavi
z zdravimi kontrolami prisotne spremembe v izrazanju Stevilnih genov in da te razlike lahko zaznamo.
Izrazanje genov je moteno in zaznavno Ze v predsimptomatskih stadijih bolezni. Profili izrazanja genov bi bili
potencialno uporabni kot biooznacevalci, vendar so potrebne dodatne natanéno definirane Studije globalne
genske ekspresije za izbiro specificnih biooznacevalcev, za podrobnejsi vpogled v napredovanje bolezni in
njihovo klini€éno vrednost. Rezultati kazejo, da so spremembe v izrazanju genov potencialno uporabno orodje
za spremljanje odgovora na zdravljenje.

GENETIC BIOMARKERS FOR HUNTINGTON'S DISEASE

L. Lovreéié

Faculty of Medicine, University of Ljubljana
Supervisor: B. Peterlin

Faculty of Medicine, University of Ljubljana
Co-supervisor: D. Krainc

Harvard Medical School, Boston

Huntington’s disease (HD) is an autosomal dominant neurodegenerative disorder with the prevalence of
1/10.000 in most European countries. The disease is fatal after 15-20 years of progressive neurodegeneration.
No effective treatment has been available so far. Although the responsible gene and mutation were identified
and characterized already in 1993, the function of normal huntingtin and the mechanism how the mutation
leads to neurodegeneration are still not clear. Recent studies have shown that mutant huntingtin interferes
with the function of widely expressed transcription factors, suggesting that gene expression may be altered
in a variety of tissues in HD including peripheral blood. Thus, we hypothesized that analysis of global gene
expression in blood of HD patients and mutation carriers may reveal specific gene expression signatures that
could serve as biomarkers. These biomarkers may be utilized as tools for the prediction of disease onset and
progression of symptoms, for better understanding the pathogenesis of the disease, and for monitoring clinical
response to potential new therapies in the future. We have shown that global gene expression differences
between HD patients and healthy controls in blood are present and detectable. Moreover, these changes
are present already in presymptomatic mutation carriers. Gene expression profiles might potentially be used
as biomarkers, although more well-defined global gene expression profiling studies are needed to choose
specific biomarkers to improve the insight into the progression monitoring and clinical value. Also, our results
suggest that gene expression changes might be useful as an instrument for treatment response monitoring.
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RAZVOJ IN UPORABA ANALIZNE METODE ZA
DOLOCANJE LIZOFOSFATIDNE KISLINE KOT
OZNACEVALCA TUMORJA NA JAJCNIKU

M. Meleh
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Mentorica: L. Zupanci¢ Kralj
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Razvili smo hitro ter selektivno metodo za dolo€evanje posamezne lizofosfatidne kisline (LPA) v serumu.
Najprej smo ugotovili, da je potrebno ustrezno hranjenje vzorcev v silikonizirani oziroma stekleni embalazi, saj
se LPA veZe na plastiko. Ugotovili smo tudi, da je pomemben &as centrifugiranja krvi (najve¢ 15 minut) zaradi
teZnje LPA po tvorbi micelov. Vse serume je potrebno pripraviti na enak nacin in jih shranjevati pri temperaturi
nizji od 4°C. LPA smo z me3anico metanol-kloroform kvantitativho ekstrahirali iz seruma. V &istih ekstraktih
smo doloCevali koncentracijo posameznih LPA s HPLC-MS/MS metodo. MS/MS detekcija je potekala po
ionizaciji z razprSevanjem v elektricnem polju s spremljanjem specificnih reakcij razpada [M-H]. Razvito
analizno metodo smo ustrezno ovrednotili ter uporabili za dolo€evanje LPA v ve€ kot 200 serumih. Dokazali
smo bistveno vi§je koncentracije LPA v serumih pacientk z razli€nimi tumoriji jajénikov (benignimi in malignimi)
kot v serumih zdravih Zensk. V serumih pacientk z benignimi in z malignimi tumorji pa ni bilo pomebnih razlik
v koncentracijah LPA, zato poviSana koncentracija LPA za napovedovanje malignosti ni primerna.

DEVELOPMENT AND APPLICATION OF
ANALITICAL METHOD FOR DETERMINATION OF
LYSOPHOSPHATIDIC ACID AS A BIOMARKER FOR
OVARIAN TUMOURS

M. Meleh

Krka, d.d., Novo mesto, Faculty of Chemistry and Chemical Technology, University of Ljubljana
Supervisor: L. Zupanci¢ Kralj

Faculty of Chemistry and Chemical Technology, University of Ljubljana

Co-supervisor: A. Mlakar

Krka, d.d., Novo mesto

A fast and selective analytical method, used to determine the different lysophosphatidic acid (LPA) species in
serum, has been developed. Since LPA stick to plastics, samples were kept in siliconised or glass packaging.
The centrifugation time of the blood was also considered. It should be less than 15 minutes, because LPA
tends to form micelles. Therefore all serums have to be prepared the same way and kept at temperature
below 4°C. LPA species were quantitatively extracted from serum using methanol-chloroform. LPA levels
were determined in clear extracts using the HPLC-MS/MS method. MS/MS detection was performed using
electro-spray ionisation of specific degradation reactions of [M-H]-. This method was properly validated and
used to determine LPA in more than 200 sera. Significantly higher total LPA levels were determined in the sera
of patients with different types of tumours (benign and malignant) comparing to healthy controls. However,
no differences were found between the sera of patients with malignant and benign tumours, which mean that
malignancy cannot be predicted on the basis of higher LPA concentration.
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VLOGA PROTEINA AIRE PRI PODALJSEVANJU
PREPISOVANJA GENOV V EPITELIJSKIH CELICAH
TIMUSNE SREDICE
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Ena od napak v delovanju imunskega sistema je avtoimunost, okvara delovanja mehanizmov tolerance proti
lastnim antigenom. Protein AIRE je pomemben dejavnik centralne tolerance in mutacije v ¢loveSkem genu
AIRE lahko povzro€ijo nastanek bolezni avtoimunskega poliendokrinopatskega sindroma tipa 1. PrejSnje
Studije so pokazale, da AIRE sproZi prepisovanje nekaterih tkivno-specifi€nih antigenov v epitelijskih celicah
timusne sredice in igra pomembno viogo pri negativni selekciji avtoreaktivnih celic T. Vendar pa molekularni
mehanizmi uravnavanja teh procesov z AIRE e niso razjasnjeni. V raziskavi smo preucevali, kako AIRE
deluje na molekularni ravni in kako aktivira prepisovanje Sirokega repertoarja celi¢nih genov. Ugotovili smo,
da AIRE deluje kot transkripcijski aktivator tipa IIA, ki uravnava predvsem podaljSevanje prepisovanja z RNA
polimerazo Il, tako da v epitelijskih celicah timusne sredice veZe in pripelje na promotor pozitivni dejavnik
podaljSevanja prepisovanja b (P-TEFDb). V timusnih celicah AIRE tudi vzpodbudi ektopi€no prepisovanje genov
za inzulin in za protein sline tipa 1, kar smo dokazali z metodo imunoprecipitacije kromatina. V zaklju¢nem
delu raziskave smo pokazali, da utiSanje izrazanja mi§jega gena za ciklin T1, ki je del kompleksa P-TEFb,
povzroci, da se geni, odvisni od proteina AIRE, ne prepisujejo vec, kar povzroc€i nastanek limfocitnih infiltratov
v solzni Zlezi in Zlezi slinavki pri misi.

Iz dobljenih rezultatov lahko zaklju€¢imo, da AIRE skupaj s P-TEFb stimulira podaljSevanje prepisovanja tarénih
genov z RNA polimerazo Il. NaSe ugotovitve tako osvetljujejo klju€ne korake proteina AIRE, ki so potrebni za
prepisovanje genov, ki uravnavajo centralno toleranco v timusu.

ROLE OF AIRE IN TRANSCRIPTIONAL ELONGATION
OF GENES IN MEDULLARY THYMIC EPITHELIAL CELLS

I. Oven

Biotechnical Faculty, University of Ljubljana
Supervisor: M. Narat

Biotechnical Faculty, University of Ljubljana
Co-supervisor: M.Peterlin

University of California, San Francisco

AIRE is a transcriptional activator that directs the ectopic expression of many tissue-specific genes in medullary
thymic epithelial cells, which plays an important role in the negative selection of autoreactive T cells. However,
its mechanism of action remains poorly understood. In this study, we found that AIRE regulates the step of
elongation rather than initiation of RNA polymerase Il. For these effects AIRE bound and recruited positive
transcriptional elongation factor b (P-TEFb) to target promoters in medullary thymic epithelial cells. In these
cells, AIRE activated the ectopic transcription of insulin and salivary protein 1 genes. Indeed, by chromatin
immunoprecipitation, we found that RNA polymerase Il was already engaged on these promoters but was
unable to elongate in the absence of AIRE. Moreover, the genetic inactivation of cyclin T1 (CycT1) from
P-TEFb abolished the transcription of AIRE-responsive genes and led to lymphocytic infiltration of lacrimal
and salivary glands in the CycT1" mouse. Our findings reveal critical steps by which AIRE regulates the
transcription of genes that control central tolerance in the thymus.
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STEREOSELEKTIVNE IN REGIOSELEKTIVNE SINTEZE
BICIKLICNIH PIRAZOLIDINONOV
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V nasem raziskovalnem delu smo proucevali reakcije razli¢nih (1Z,4R* 5R*)-1-arilmetiliden-4-benzoilamino-
5-fenilpirazolidin-3-on-1-azometin iminov z razli¢nimi dipolarofili. Tip produkta je bil odvisen od tipa dipola,
uporabljenega dipolarofila in reakcijskih pogojev. V vecini primerov so potekle 1,3-dipolarne cikloadicije
azometin iminov na dipolarofile. 1zjema so bile reakcije azometin iminov s kalijevim cianidom, pri ¢emer je
priSlo do odprtja obroc¢a s cepitvijo N-N vezi. Pri cikloadicijah so nastali bicikli¢ni in tricikliCni sistemi. V vecini
primerov so bile cikloadicije visoko selektivne. Stereokemija reakcij je bila odvisna od fenilne skupine na
poloZaju 5 v azometin iminu, orto-substituentov vezanih na aromatskem obro€u azometin imina in od tipa
dipolarofila.

V nadaljevanju smo Studirali uporabnost (1Z,4R*5R*)-1-arilmetiliden-4-benzoilamino-5-fenilpirazolidin-3-on-
1-azometin iminov v kombinatorni sintezi.

STEREOSELECTIVE AND REGIOSELECTIVE SYNTHESIS
OF BICYCLIC PYRAZOLIDINONES

L. Pezdirc

Faculty of Chemistry and Chemical Technology, University of Ljubljana
Supervisor: J. Svete

Faculty of Chemistry and Chemical Technology, University of Ljubljana

In our research, reactions of various (1Z,4R*5R*)-1-arylmethylidene-4-benzoylamino-5-phenylpyrazolidin-
3-on-1-azomethine imines with different dipolarophiles were studied. The type of product depended on
the structure of dipole and the dipolarophile and on the reaction conditions. In most cases, 1,3-dipolar
cycloadditions of azomethine imines to dipolarophiles took place. Exception was reaction of azomethine imines
with potassium cyanide, where a ring opening by cleavage of the N-N bond occured. Cycloadditions yielded
bicyclic and tricyclic systems. In most cases, cycloadditions were highly stereoselective. Stereochemistry of
the cycloadditions to azomethine imines was found to be controlled by the stereodirecting phenyl group at
position 5 in azomethine imines, by the type of dipolarophiles, and by the orto-substituents at the aromatic
ring.

In extension, applicability of (1Z,4R*5R*)-1-arylmethylidene-4-benzoylamino-5-phenylpyrazolidin-3-on-1-
azomethine imines in combinatorial synthesis was studied.
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Raziskoval sem vpliv reakcijskih pogojev na transformacije ketonov ter fenolov in njihovih derivatov z N-
halogeno reagenti in pri tem posebno pozornost posvetil razvoju okolju prijaznejSih reakcijskih protokolov.
Ugotovil sem, da je Stevilne ketone mogoce uspesno halogenirati z N-halosukcinimidi (NXS) pod pogoji brez
topila v prisotnosti kislinskega katalizatorja, medtem ko funkcionalizacija bolj enoliziranih B-dikarbonilnih
spojin poteCe Ze brez prisotnosti katalizatorja. Produkte sem v nekaterih primerih uspel izolirati povsem brez
uporabe organskih topil, kar je pomembno s staliS¢a varovanja okolja. Pri tem sem ugotovil, da so reakcije
pod pogoji brez topil v sploSnem bolj selektivhe in hitrejSe kot v organskih topilih. Pri bromiranju metoksi
substituiranih aril ketonov pod reakcijskimi pogoji brez topila nastanejo a-bromo substituirani produkti,
medtem ko voda kot reakcijski medij spremeni regioselektivnost in selektivno nastanejo produkti substitucije
na aromatskem jedru. Odkril in razvil sem nov postopek sinteze a,a-difluoroketonov preko ustreznih iminskih
derivatov. Transformacija potec¢e selektivno in ucinkovito z uporabo F-TEDA v acetonitrilu pri 80°C. Nadalje
sem raziskal fluoriranje 4-alkil substituiranih fenolov pod milimi reakcijskimi pogoji z N-F reagenti. Steri¢ne
interakcije, struktura reagenta in reakcijski pogoji zelo vplivajo na regioselektivnost uvedbe fluora.

THE EFFECT OF REACTION CONDITIONS ON THE
FUNCTIONALISATION OF ORGANIC MOLECULES WITH
N-X REAGENTS

l. Pravst

Faculty of Chemistry and Chemical Technology, University of Ljubljana
Supervisor: M. Zupan
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Co-supervisor: S. Stavber

Jozef Stefan Institute, Ljubljana

The effect of reaction conditions on the functionalisation of ketones, phenols and their derivates with N-X
reagents using environmentally friendlier synthetic protocols is described. The halogenation of ketones, 1,3-
diketones, B-keto esters and B-keto amides using N-halosuccinimides (NXS) in water and under solvent-free
conditions is explored. A number of ketones were halogenated with N-halosuccinimides and PTSA as an
acid catalyst under solvent-free reaction conditions at various temperatures in molten reaction mixtures. The
halogenation of more enolized 1,3-diketones and B-ketoamide also proceeds in the solid state and without
the need for a catalyst. Organic solvent-free conditions, a major feature of the green chemistry concept,
were successfully applied for these reactions and for product isolation. The process is selective and occurs
more rapidly than when using organic solvents. Methoxy substituted aryl ketones are brominated on the side
chain under solvent-free reaction conditions; a change in the regioselectivity is noted in water, where ring
functionalisation occurs. A novel procedure for the synthesis of a,a-difluoroketones via imine derivatives was
also developed. Transformation can be performed effectively and selectively if F-TEDA is used as the reagent,
and when the reaction is performed at 80°C in acetonitrile. The fluorination of 4-alkyl substituted phenols
under mild reaction conditions with three different reagents: F-TEDA, NFTh in FP-B800 was also explored.
Steric interactions, reagent structure and reaction conditions strongly influence the regioselectivity of the
transformation.
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KARAKTERIZACIJA MIKOCIPINOV 1ZBRANIH VRST
PROSTOTROSNIC Z GENSKIM IN PROTEINSKIM
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Prostotrosnice ali gozdne gobe so kljub Stevilénosti in dokazanem zdravilnem delovanju v biokemijskem
smislu zelo slabo raziskane. S celostnim pristopom k proucevanju proteoliti¢nih sistemov pri gobah smo,
tako na molekularnem nivoju, kot tudi na nivoju beljakovin in njihove vlioge, proucevali proteaze in ustrezne
inhibitorje v gobah. Proteaze imajo pomembno vlogo pri mnogih fizioloSkih in patoloSkih procesih, zaradi
Cesar so pomembne tar€e pri nacrtovanju in razvoju zdravil. Pokazali smo presenetljivo raznolikost in Stevilo
proteaz pri prostotrosnicah ter opisali popolnoma nov tip inhibitorja cisteinskih proteaz iz gob poprhnjene
livke (Clitocybe nebularis) in orjaskega deznika (Macrolepiota procera). Gre za izjemno obstojne beljakovine,
ki specifitcno zavirajo delovanje mnogih ¢Eloveskih, Zivalskih in rastlinskih proteolitiénih encimov. Ta tip
inhibitorjev smo poimenovali mikocipini in ga okarakterizirali na proteinskem in genetskem nivoju, kar je
omogocilo vzpostavitev nove druzZine proteaznih inhibitorjev v biokemiéni klasifikaciji MEROPS. Mikocipini
imajo verjetno vec bioloSkih vlog, zlasti zas¢€itno vlogo pred naravnimi sovrazniki, to je drugimi glivami, virusi in
zuzelkami, izklju€ena pa ni niti vioga povezana z metabolizmom RNA. Nove in neobicajne lastnosti proteaznih
inhibitorjev iz gob kaZejo na njihovo uporabnost v humani in veterinarski medicini, pri za3citi in izboljSavi
polj5¢in v kmetijstvu ter v razli¢nih biotehnoloSkih procesih.

CHARACTERIZATION OF MYCOCYPINS FROM
SELECTED BASIDIOMYCETE SPECIES USING GENETIC
AND PROTEIN ENGINEERING

J. Saboti¢

JoZef Stefan Institute, Ljubljana
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Co-supervisor: J. Brzin
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Basidiomycetes or mushrooms are despite their abundance and proven medicinal properties biochemically
poorly known. We have extensively studied proteolytic systems of mushrooms by analyzing proteases and their
inhibitors at the molecular level as well as biochemical and functional levels. Proteases play important roles in
many physiological and pathophysiological processes which makes them ideal targets for drug development
and design. We have shown the remarkable number and diversity of proteases in basidiomycetes and identified
a new type of cysteine protease inhibitors from clouded agaric (Clitocybe nebularis) and parasol mushroom
(Macrolepiota procera). These are exceptionally stable proteins that specifically inhibit proteolytic activity of
many human, animal and plant proteases. We named this type of inhibitors mycocypins and characterized it
at protein and gene level, which led to establishment of a new family of protease inhibitors in the MEROPS
biochemical classification. Mycocypins probably have several biological roles, foremost a defensive role
against natural enemies, namely other fungi, viruses and insects, while another possible role of mycocypins
is linked to RNA metabolism. New and unusual properties of protease inhibitors from mushrooms make their
potential applications apparent in human and veterinary medicine, in plant protection and improvement in
agriculture, and in various biotechnological processes.
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Namen doktorske disertacije je bil razviti nove, alternativne metode sinteze estrov mascobnih kislin, ki
omogocajo uporabo produktov v prehrambeni, kozmeti¢ni in farmacevtski industriji. Prva metoda sinteze temelji
na uporabi organskih topil, dovoljenih za proizvodnjo produktov uporabnih v prehrambeni industriji in druga
na uporabi superkriticnih fluidov. Za sistema esterifikacije sladkorjev z mas&obnimi kislinami in esterifikacije
terpenov z mas€obnimi kislinami, katalizirana z imobilizirano lipazo, smo dolodili optimalne reakcijske
parametre v organskih topilih pri atmosferskem tlaku in v SC CO,. Nadalje smo o istili encimsko sintetizirane
sladkorne estre mas&obnih kislin ter dolo€ili njihovo antimikrobno delovanje proti testnim mikroorganizmom,
katerega smo primerjali z antimikrobnim delovanjem komercialnih estrov saharoze ter tako nakazali nove
moznosti uporabe produktov. Sladkorni estri delujejo potencialno antibakterijsko, anti-tumorno in insekticidno.
Ker potreba po ucinkovitih postopkih za kontrolo patogenih mikroorganizmov v Zivilih narasc¢a, predstavljajo
sladkorni estri masc€obnih kislin obetajo€o alternativo prehrambenim dodatkom, ki za razliko od komercialnih
emulgatorjev delujejo potencialno antibakterijsko.

ENZYMATIC SYNTHESIS OF FATTY ACID ESTERS IN
ORGANIC SOLVENTS AND IN SUPERCRITICAL CARBON
DIOXIDE

S. Sabeder

Faculty of Chemistry and Chemical Engineering, University of Maribor
Supervisor: M. Habulin

Co-supervisor: Z. Knez

Faculty of Chemistry and Chemical Engineering, University of Maribor

Aim of the PhD thesis was to develop new, alternative methods for the fatty acid esters synthesis, which would
allow application of the products in food, cosmetic and pharmaceutical industry. The first method is based on
the use of organic solvents compatible for the application in food industry and the second method is based
on the use of supercritical fluids. Optimal reaction conditions were determined for systems of esterification
of sugars with fatty acids and esterification of terpenes with fatty acids, catalyzed by immobilized lipase in
organic solvents at atmospheric pressure and in SC CO,. Furthermore, enzymatically synthesized sugar fatty
acid esters were purified and their antimicrobial activities against test microorganisms were determined and
compared to the antimicrobial activities of commercial sucrose esters, which may open new possibilities for
their use. Sugar fatty acid esters have potential antibacterial, antitumoral and insecticidal properties. Since
a demand for production of novel compounds able to inhibit the growth of micro-organisms causing food
spoilage is rising, enzymatically synthesized sugar fatty acid esters present a promising alternative to food
additives, which have a potential antimicrobial activity compared to the commercial emulsifiers.
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MOLEKULARNA ANALIZA GENOV SEROTONINSKE
SIGNALNE POTI IN SAMOMOR V SLOVENUI

A. Videti¢

Medicinska fakulteta, Univerza v Ljubljani
Mentorica: M. Tomori

Somentor: R. Komel

Medicinska fakulteta, Univerza v Ljubljani

Samomor predstavlja velik zdravstveni problem po celem svetu, saj ga vsako leto stori priblizno milijon ljudi. Po
podatkih Svetovne zdravstvene organizacije je bilo leta 2003 v Sloveniji 25 samomorov na 100.000 prebivalcey,
kar nas uvrdCa med deset drzav z najvisjim samomorilskim kolichikom na svetu. Ker je samomor vecplasten
fenomen, je odvisen od spleta Stevilnih okoljskih dejavnikov, molekularno-bioloske raziskave pa kazejo tudi na
vpliv genetskih dejavnikov. Genetske Studije Zivénih prenasalcev na vzorcih mozganov in krvi Zrtev samomora
so pokazale, da je z najvecjo verjetnostjo v samomor vpleten serotoninski (5-HT, 5-hidroksitriptofan) sistem.
Namen nasega dela je bila genetska preiskava polimorfizmov vecjega Stevila kandidatnih genov serotoninske
signalne poti in ugotovitev njihove mozne povezave s samomorom. Ugotovili smo, da se skupini kontrol in
zrtev samomora v porazdelitvi frekvenc genotipov in alelov med seboj statisti¢no razlikujeta v skupini zensk,
in sicer za funkcijski polimorfizem G68C v genu HTR2C. Statisticna pomembnost se je ohranila, tudi ko
smo zdruzili Zzensko in mosko populacijo. Za polimorfizem C(-1420)T v genu HTR2A smo ugotovili mozno
povezanost s samomorom. Analiza ostalih polimorfizmov ni pokazala povezave s samomorom. Naredili smo
eno izmed najbolj obSirnih genetskih analiz zrtev samomora na slovenski populaciji in pridobili pomembne
informacije, ki lahko sluzijo kot smernice za nadaljnje raziskovanije.

MOLECULAR ANALYSIS OF THE GENES OF
SEROTONERGIC PATHWAY AND SUICIDE IN
SLOVENIA

A. Videti¢

Faculty of Medicine, University of Ljubljana
Supervisor: M. Tomori

Co-supervisor: R. Komel

Faculty of Medicine, University of Ljubljana

Suicide is a serious health problem; every year, world-wide approximately one million people commit suicide.
According to WHO, 25 people per 100.000 citizens committed suicide in Slovenia in the year 2003, which
ranks Slovenia among the top ten countries with highest suicide rates in the world. Suicide is a complex
phenomenon of environmental factors, but nevertheless, molecular-biologic investigations suggest implication
of genetic factors in tendency of committing suicide. Genetic studies of neurotransmitters from brain and blood
samples of suicide victims showed that serotonergic system might be implicated in suicide. The purpose of
the present work was to perform genetic analysis of the polymorphisms of candidate genes of serotonergic
system and to try to ascertain possible implications in suicide. Statistically important differences between
suicide and control groups of women were found in genotype and allele frequencies for polymorphism G68C
in the HTR2C. Statistical importance was resumed even after combining male and female populations. For
polymorphism C(-1420)T in the HTR2A, a possible tendency for connection with suicide was noticed. Analysis
of all the other polymorphisms was not statistically significant. The present genetic investigation is one of the
first of such extent on Slovenian population of suicide victims and we obtained important information that
could give new directions for further investigations.
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NEVTRALIZACLJA ENDOTOKSINA Z NOVIMI
ANTIMIKROBNIMI UCINKOVINAM]

M. Zorko

Kemijski institut Ljubljana Slovenija
Mentor: P. PristovSek

Kemijski institut Ljubljana Slovenija

Sestavine bakterijskih sten (lipopolisaharid, lipoteihoi¢na kislina, peptidoglikani) sprozijo imunski odziv, ki
vodi v aktivacijo komplementa ter izlo¢anje citokinov. Ce je ravnoteZje med vnetnim in protivnetnim odzivom
poruseno, se lahko razvije sepsa. Namen nase raziskave je bil razviti in analizirati u€inkovite antimikrobne
peptide ter oleoilamine kot peptidomimetike s Sirokim spektrom delovanja na bakterije, sposobnostjo
nevtralizacije endotoksina ter nizko toksi¢nostjo za ¢loveske celice.

Pripravili smo sistem za pridobivanje vecjih koli€in bioloSko aktivnega rekombinantnega peptida preko tvorbe
netopnega fuzijskega proteina. V okviru evropskega projekta ANEPID so bile pripravljene tri generacije
antimikrobnih peptidov. Za spojino vodnico je sluzil LF11, kratek peptidni fragment z N-terminalnega
dela CloveSkega laktoferina. Vezavo peptidov na lipopolisaharid in lipoteihoi¢no kislino smo analizirali s
fluorescencnim BODIPY-kadaverinom.

Farmakofor za nevtralizacijo lipopolisaharida sestavlja amfipati€na molekula s terminalnima protoniranima
kationskima skupinama na razdalji 14 A ter vmesno hidrofobno skupino. Na osnovi tega farmakofora
smo zasnovali sintetiCne oleoilamine ter izbrali dva bisbiguanida aleksidin in klorheksidin, ki nevtralizirata
imunostimulatorne komponente bakterijskih sten.

NEUTRALIZATION OF ENDOTOXIN BY NOVEL
ANTIMICROBIAL SUBSTANCES

M. Zorko

National Institute of Chemistry Ljubljana Slovenia
Supervisor: P. Pristovsek

National Institute of Chemistry Ljubljana Slovenia

The components of bacterial cell walls (lipopolysaccharide, lipoteichoic acid, peptidoglycan) trigger an immune
response which leads to activation of complement proteins and cytokine release. If the balance between the
inflammatory and anti-inflammatory response is disrupted, sepsis can develop.

The aim of our research was to develop and analyse effective antimicrobial peptides and oleoylamines as
peptidomimetics with a broad activity spectrum on bacteria, the ability to neutralize endotoxins and low
toxicity on human cells. We prepared a system in bacteria to obtain larger quantities of the biologically active
recombinant peptide via formation of an insoluble fusion protein. In the framework of the European project
ANEPID, we prepared three generations of antimicrobial peptides. The leading compound was LF11, a short
peptide fragment originating from the N-terminal of human lactoferrin. We analysed the binding of peptides to
lipopolysaccharide and lipoteichoic acid with fluorescent BODIPY-cadaverine.

The structural motif required to neutralise lipolpolysaccharides consists of an amphiphatic molecule with
terminal protonated cationic groups separated by a distance of 14 A with an additional hydrophobic moiety in-
between. On the basis of this pharmacophore we designed synthetic oleoylamines and chose two bisbiguanides
alexidine and chlorhexidine which neutralizing immunostimulatory components of bacterial cell walls.
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VPLIV SESTAVIN NA TERMICNE LASTNOSTI
SLADKORNIH TALIN

Z. Rajtman

Krka, d.d., Novo mesto, Fakulteta za farmacijo, Univerza v Ljubljani
Mentor: S. Sr¢i¢

Fakulteta za farmacijo, Univerza v Ljubljani

V proizvodnem obratu Ljutomer, Krka, d.d., tovarna zdravil Novo mesto, proizvajamo obloZzene tablete s
tehnologijo sladkornih talin in talin s sladkornimi analogi. ObloZene tablete imajo trdo sladkorno jedro, ki je
izdelano s stiskanjem in oblozeno s sladkorno oblogo. Vsebujejo razli€ne skupine zdravilnih u€inkovin, npr.
vitamine, minerale, eteri¢na olja, antiseptike, lokalne anestetike, lecitin, etc.

Ugotavljali smo vpliv sestavin na temperaturo steklastega prehoda (Tg) sladkornih talin. Proucevali smo
posebej pripravljene vzorce in polizdelke razlicnih stopenj redne proizvodnje. Vzorcem smo s termi¢nimi
metodami (DSC ali/in MTDSC) dolog¢ali Tg, jih opazovali pod mikroskopom, s Karl Fischer metodo smo dolodili
vsebnost vode. Ugotovili smo, da je pri pripravi sladkorne taline iziemno pomembna vsebnost vode, ki jo
lahko uravnavamo s stopnjo vakumiranja. Voda v talini deluje kot mehc&alo in zniza Tg. Relativha vlaznost
v proizvodnih prostorih pri sobni temperaturi ne sme presegati vrednosti 40%. Ugotovili smo, da dodatek
vitaminov zniza vrednost Tg, in da imajo znacilen vpliv hidrofilni vitamini. Vpliv je odvisen tudi od koli¢ine
dodatka (vecja koli¢ina, vecji vpliv). Med preiskovanimi hidrofilnimi vitamini pa je imel najvedji vpliv vitamin
C. Vpliv dodatkov je bil bolj izrazen, ¢e je bila vsebnost vode v izhodis¢u nizja. Potrdili smo tudi literaturne
podatke, da dodatek polimera PVP zvida vrednost Tg.

Zmesi dodatkov delujejo kompleksno in praviloma pride do »prekrivanj« in je zato absolutni uc¢inek le v grobem
napovedljiv iz posameznih prispevkov.

THE INFLUENCE OF INGREDIENTS ON THERMAL
BEHAVIOUR OF SUGAR HOT MELTS

Z. Rajtman

Krka, d.d., Novo mesto, Faculty of Pharmacy, University of Ljubljana
Supervisor: S. Srcic¢

Faculty of Pharmacy, University of Ljubljana

In the production facility of Ljutomer, Krka, d.d., Novo mesto we produce coated tablets with the technology
of sugar hot melts and melts with sugar-like compounds. Coated tablets have a hard sugar core, produced
by compression and coated with a sugar layer.They contain various groups of medical active ingredients, e.g.
vitamins, minerals, essential oils, antiseptics, local anaesthetics, lecithin, etc.

We determined the influence of ingredients on the glass transition temperature (Tg) of sugar hot melts. We
analysed individually prepared samples and half-products at various stages of the standard production. We
determined the Tg of the samples with thermal methods (DSC and/or MTDSC), watched them under the
microscope and determined their water content with the Karl Fischer method. We determined that the water
content, which can be regulated through the vacuum level, during the preparation of the sugar hot melts, is
extremely important. The water in the melt effectively works as a plasticizer and decreases Tg. The relative
humidity in the production rooms at room temperature cannot ever exceed 40%. We determined that the
addition of vitamins lowers the Tg value and that hydrophilic vitamins have a characteristic effect. The effect
depends on the quantity of additive (the greater the quantity, the greater the effect). Among the analysed
hydrophilic vitamins, vitamin C had the greatest effect. We determined that the influence of the additives was
more noticeable, if the initial water content was lower. We also confirmed the literature data, that the addition
of PVP polymer raises the Tg value.

The additive mixes work in a complex manner and it naturally comes to “overlapping”. It is hence only possible
to roughly establish the absolute effect of the individual contributions.
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VPLIV SOCIALNO-DEMOGRAFSKIH ZNACILNOSTI IN
ZDRAVSTVENEGA STANJA POPULACIJE NA UPORABO
ZDRAVIL RASTLINSKEGA IZVORA V SLOVENLUI

B. Razinger Mihovec

Fakulteta za farmacijo, Univerza v Ljubljani
Mentorica: M. Lipnik Stangelj

Medicinska fakulteta, Univerza v Ljubljani
Somentor: A. Krbavg€ic

Fakulteta za farmacijo, Univerza v Ljubljani

V nalogi smo z javhomnenjsko raziskavo s telefonskim anketiranjem proucili in analizirali pogostnost
uporabe zdravil rastlinskega izvora v Republiki Sloveniji ter vpliv zdravstvenega stanja in nekaterih socialno-
demografskih znacilnosti na uporabo zdravil rastlinskega izvora. Pridobili in analizirali smo tudi podatke, katera
zdravila rastlinskega izvora ljudje najpogosteje uporabljajo in za kak8ne namene. Raziskava je pokazala, da
uporablja zdravila rastlinskega izvora skoraj 72% slovenske populacije.

Ugotovili smo, da na uporabo zdravil rastlinskega izvora znacilno vplivata le Zenski spol in prisotnost bolezni.
Ostali dejavniki, kot so starost, izobrazba, zaposlitveni status, velikost naselja, v katerem ljudje Zivijo, niso
pokazaliznacilnega vpliva. Prebivalci Republike Slovenije uporabljajo zdravila rastlinskega izvora predvsem za
zdravljenje sezonskih bolezni. Najve& zdravil rastlinskega izvora $e vedno uporabljajo v obliki Eajev. Rezultati
magistrskega naloge bodo uporabni predvsem za laZjo identifikacijo uporabnikov zdravil rastlinskega izvora,
njihovo ustreznejSo zdravstveno oskrbo in kot vir podatkov, potrebnih pri nartovanju proizvodnje in trzenja
zdravil rastlinskega izvora.

THE INFLUENCE OF SOCIO-DEMOGRAPHIC
CHARACTERISTICS AND HEALTH STATUS OF THE
POPULATION ON THE USE OF HERBAL MEDICINES
IN SLOVENIA

B. Razinger Mihovec

Faculty of Pharmacy, University of Ljubljana
Supervisor: M. Lipnik Stangelj

Faculty of Medicine, University of Ljubljana
Co-supervisor: A. Krbavc¢i¢

Faculty of Pharmacy, University of Ljubljana

A population-based telephone survey was performed to investigate and analyse the frequency of herbal
medicines use in the Republic of Slovenia and the relationship between their use, health status, and some
socio-demographic characteristics. A further aim was to identify and analyse which herbal medicines people
take the most frequently and for which indications. The study showed that nearly 72% of the Slovenian
population uses herbal medicines.

We found that only female gender and existence of disease were significantly related to herbal medicines
use. Other factors such as age, education, occupational status, place of residence, did not show significant
influence on herbal medicines use. The population of the Republic of Slovenia uses herbal medicines mainly
for the seasonal diseases. Most herbal medicines are consumed in the form of teas. The study results will be
useful to more easily identify the users of herbal medicines and will contribute to their more appropriate medical
care. They can be a source of information for planning a production and marketing of herbal medicines.
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SINTEZA ANALOGOV SUBSTRATA MUREIN PEPTIDNE
LIGAZE (Mpl)

M. Banovec

Fakulteta za farmacijo, Univerza v Ljubljani
Mentor: S. Gobec

Somentorica: A. Kovac

Fakulteta za farmacijo, Univerza v Ljubljani

Peptidoglikan je glavna komponenta bakterijske stene, ki varuje bakterijsko celico pred lizo. Sestavljen je iz
dolgih glikanskih verig, ki so pre€no premrezene s kratkimi peptidi. Biosinteza peptidoglikana je kompleksen
vecstopenjski proces pri katerem sodelujejo Stevilni encimi. Murein peptidna ligaza (Mpl) je prisotna pri nekaterih
G- bakterijah in omogoca, da se tripeptid L-Ala-y-D-Glu-mezo-A,pm, ki nastaja ob razgradniji celicne stene,
veze na UDP-MurNAc in tako reciklira. V okviru raziskovalne naloge smo s sodobnimi metodami peptidne
kemije sintetizirali serijo tripeptidov s splo$no formulo L-Ala-y-D-Glu-Xaa. Xaa so razlicne aminokisline, ki
imajo v primerjavi z mezo-diaminopimelinsko kislino (mezo-A,pm) drugacno pozicijo terminalne amino
skupine, ali pa amino skupine sploh nimajo. Te spojine bi ob vgradnji v peptidoglikan z Mpl lahko delovale kot
lazni substrati, ki bi onemogocile precno premrezenje peptidoglikana in s tem sprozile bakterijsko smrt.

SYNTHESIS OF SUBSTRATE ANALOGS OF MUREIN
PEPTIDE LIGASE (MpD

M. Banovec

Faculty of Pharmacy, University of Ljubljana
Supervisor: S. Gobec

Co-supervisor: A. Kovac

Faculty of Pharmacy, University of Ljubljana

Peptidoglycan is a major component of the bacterial cell wall that plays an essential role in protecting bacteria
from lysis. It is composed of long glycan chains that are cross-linked by short peptides. The biosynthesis
of bacterial cell wall peptidoglycan is a complex process involving many enzymes. Murein peptide ligase
(Mpl) is a nonessential enzyme found in some G- bacteria. Mpl is known to be a recycling enzyme allowing
reincorporation into peptidoglycan of the tripeptide L-Ala-y-D-Glu-meso-A,pm, which is released during the
maturation of bacterial cell. Using modern methods of peptide chemistry we synthesized a focused library of
tripeptides with general formula L-Ala-y-D-Glu-Xaa. Xaa are different amino acids without side-chain amino
group or with side-chain amino group attached to different positions as compared to meso-diaminopimelic acid
(meso-A,pm). Incorporation of these potential false substrates into peptidoglycan with Mpl might accordingly
affect stability of bacterial cell wall and thus potentially provoke bacterial cell lysis.
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DOLOCANJE GENSKE STABILNOSTI SEVA Bacillus
subtilis IN UGOTAVLJANJE PRISOTNOSTI TOKSINOV

P. Han¢i¢

Krka, d.d, Novo mesto

Mentor: J. Kos

Fakulteta za farmacijo, Univerza v Ljubljani
Somentorica: A. Plaper

Krka, d.d., Novo mesto

Probiotiki so zivi mikroorganizmi, ki izboljSujejo ¢revesno mikrofloro in imajo ugoden ucinek na gostitelja.
Nekatere seve probiotika Bacillus subtilis, kiizlo€a encime in antibiotike, preuc¢ujemo v genetskih in biokemijskih
raziskavah Ze nekaj desetletij. Uvr§€amo ga v rod Bacillus, prav tako kot Bacillus cereus, ki povzro€a diarejske
in emetiCne sindrome zastrupitve s hrano z razli¢nimi toksini. Namen diplomske naloge je bil dolociti gensko
stabilnost B. subtilis z uporabo metode naklju¢no pomnozene polimorfne DNK (RAPD) s petimi razli¢nimi
izolati DNK, ki smo jih izolirali ob razli¢nih asovnih ciklih razmnozevanja. Pred zacetkom izvedbe omenjene
reakcije smo RAPD metodo optimizirali z dvema razli¢nima zacetnima oligonukleotidoma. Ugotovili smo, da
je B. subtilis gensko stabilen, saj so bili RAPD profili pomnozenih odsekov med sabo homogeni. V raziskavo
smo vkljucili tudi ugotavljanje prisotnosti enterotoksina Hbl v B. subtilis z reverzno pasivho aglutinacijo z
lateksom (BCET-RPLA test). Rezultat testa je bil negativen; enterotoksin Hbl, ki ga izlo¢a B. cereus, ni bil
prisoten v preiskovani bakteriji B. subtilis.

DETERMINATION OF GENETIC STABILITY OF Bacillus
subtilis STRAIN AND DETECTION OF TOXINS

P. Hangi¢

Krka, d.d, Novo mesto

Supervisor: J. Kos

Faculty of Pharmacy, University of Ljubljana
Co-supervisor: A. Plaper

Krka, d.d., Novo mesto

Probiotics are living microorganisms with a positive impact on the digestive microflora. Some strains of
probiotic bacteria Bacillus subtilis has been used for genetic and biochemical studies for several decades.
Bacillus subtilis secretes enzymes and antibiotics. It is a member of the genus Bacillus as Bacillus cereus
which causes diarrheal and emetic food-poisoning syndromes, each caused by distinct toxins. The purpose of
this study was to determinate genetic stability of B. subtilis using random amplified polymorphic DNA (RAPD)
markers among five DNA isolates which were isolated at different cycles of growth. Before starting RAPD
the reaction was first optimized by two primers. The conclusion of our study is that B. subtilis is genetically
stabile at different times of growth. RAPD profiles of isolates were namely homologous. In our study we also
determined presence of Bacillus cereus enterotoxin Hbl in B. subtilis with BCET-RPLA (Reversed Passive
Latex Agglutination) Kit. The result was negative; the enterotoxin was not present in B. subtilis.
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|IZOLACIJA FOSFOLIPIDOV 1Z ZIVALSKIH IN
RASTLINSKIH MATERIALOV

M. Knez

Fakulteta za kemijo in kemijsko tehnologijo, Univerza v Mariboru
Mentorica: M. Skerget

Somentor: J. Krope

Fakulteta za kemijo in kemijsko tehnologijo, Univerza v Mariboru

Zavest o pomembnosti fosfolipidov se je razsirila Sele nedavno, z razvojem molekularne biologije. Fosfolipidi
ali fosfatidi so diestri fosforjeve kisline. Fosfolipidi so amfifilne oziroma amfipati¢ne spojine, kar pomeni, da
imajo tako hidrofilni kot hidrofobni del. Amfifilne spojine so povrsinsko aktivnhe snovi. Pomembni so za pravilno
delovanje organizma. So gradniki lipoproteinov v krvi in celicnih membran rastlinskih in Zzivalskih celic.
Fosfolipide smo izolirali iz rastlinskih in Zivalskih materialov: ribje moke ter sonéni¢nih semen in nezmlete soje.
Fosfolipide Pe, Pi, Ps in Pc sreCujemo najpogosteje, saj so prisotni v vsakodnevni prehrani, njihovo prisotnost
smo dokazali tudi v oljnih vzorcih, pridobljenih z ekstrakcijo s superkritiénimi fluidi iz materialov rastlinskega
in Zivalskega izvora pri razlicnih pogojih. Separacije s superkriti¢nimi fluidi imajo Stevilne prednosti pred
konvencionalnimi separacijskimi procesi. S spremembami temperature in tlaka mo¢no vplivamo na lastnosti
superkriticnega fluida in tako na potek procesa. Za nacrtovanje sistema za ekstrakcijo s sub- in superkritiénimi
fluidi potrebujemo podatke o obratovalnih pogojih za ekstrakcijo in separacijo, vrsti in koli¢ini topila, hitrosti
recirkulacije topila in porabi energije. Te dolo¢imo iz podatkov o faznih ravnotezjih in z meritvijo parametrov
prenosa snovi.

ISOLATION OF PHOSPHOLIPIDS FROM ANIMAL AND
PLANT MATERIALS

M. Knez

Faculty of Chemistry and Chemical Engineering, University of Maribor
Supervisor: M. Skerget

Co-supervisor: J. Krope

Faculty of Chemistry and Chemical Engineering, University of Maribor

Phospholipids have been discovered in greater detail after year 1970, with the development of molecular
biology. Lipids which contain a phosphate moiety are grouped together as phospholipids. It is known, that
phospholipids have amphipathic character. Due to its polar nature, the head of a phospholipid is hydrophilic
(attracted to water); the lipophilic (or often known as hydrophobic) tails are not attracted to water. When placed
in water, phospholipids form one of a number of lipid phases. In biological systems this is restricted to bilayers,
in which the lipophilic tails line up against one another, forming a membrane with hydrophilic heads on both
sides facing the water. Substances with amphipathic character are surfactants. Phospholipids are important
for our health and they are also contained in cell membranes and lipoproteins. Phospholipids have been
isolated from nature materials, like fishmeal, sunflower and soybean. Phospholipids have also been found in
our samples, which were extracted from plant and animal material with supercritical fluids. Separations with
supercritical fluids have a lot of advantages comparing to conventional separations. By changing temperature
and pressure it is easy to affect the properties of supercritical fluid and the process. Data about operating
conditions, about recirculation, quality and amount of solvent and also data about the demand of energy are
needed to design the system for extraction with supercritical fluids. This data are defined from the phase
equilibrium data and the measurements of mass transfer parameters.
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CISCENJE ODPADNIH VOD FARMACEVTSKE
INDUSTRIJE S TEHNOLOGIJO MEMBRANSKE
FILTRACIJE

T. Kump

Visoka Sola za zdravstvo, Univerza v Ljubljani
Mentorica: N. Ferfila

Visoka Sola za zdravstvo, Univerza v Ljubljani
Somentorica: I. Carman

Krka, d.d., Novo mesto

V diplomskem delu preverjamo ucinkovitost ultrafiltracije pri €iS€enju odpadnih vod farmacevtske industrije.
V ta namen smo uporabili pilotho napravo z ultrafiltracijo. U&inkovitost ¢iS€enja odpadnih vod farmacevtske
industrije smo spremljali s kemijskimi in mikrobioloSkimi metodami. Rezultate, doseZene na iztoku iz
pilotne naprave z ultrafiltracijo smo primerjali s kvaliteto iztoka iz obstoje€e industrijske Cistilne naprave.
Rezultati kemijskega presku$anja so pokazali, da je proces €iS€enja odpadnih vod farmacevtske industrije
z ultrafiltracijo v primerjavi z obstoje€im sistemom na ¢istilni napravi ucinkovitejsi pri odstranitvi organskega
onesnazenja (izrazenega kot KPK vrednost) in obarvanosti. Oba sistema omogo€ata uc€inkovito odstranitev
dusikovih spojin. MikrobioloSko preskusanje dokazuje, da je ultrafiltracija zelo u€inkovita pri odstranitvi skupnih
koliformnih bakterij, koliformnih bakterij fekalnega izvora, streptokokov fekalnega izvora in skupnega Stevila
bakterij pri temperaturi 22°C in 36°C. Ugotovitve diplomskega dela dokazujejo, da je obstoje€o industrijsko

Cistilno napravo smiselno nadgraditi z ultrafiltracijo.

TREATMENT OF INDUSTRIAL PHARMACEUTICAL
WASTEWATER WITH MEMBRANE FILTRATION

T. Kump

College of Health, University of Ljubljana
Supervisor: N. Ferfila

College of Health, University of Ljubljana
Co-supervisor: I. Carman

Krka, d.d., Novo mesto

Efficiency of ultrafiltration on a pilot plant for treating industrial pharmaceutical wastewater was studied in the
thesis. Chemical and microbiological methods were used to monitor the efficiency of the treatment. Quality
of the outflow from the pilot plant and the current industrial wastewater treatment plant were compared.
Ultrafiltration proved to be more effective for reducing organic pollution (expressed as COD value) and for
removing water colour. Both systems enable successful removal of nitrogen compounds. Ultrafiltration has
proved to be extremely useful for eliminating total coliform bacteria, faecal coliforms, faecal streptococcus
and total number of bacteria at the temperature of 22°C and 36°C. The results show that the current industrial
wastewater treatment plant should be upgraded with ultrafiltration.
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ZAHTEVE IN REGULATIVA V FARMACEVTSKI
INDUSTRUIJI TER PRIMERJAVA EVROPSKEGA IN
AMERISKEGA SISTEMA DOBRE PROIZVODNE PRAKSE

U. Pate

Fakulteta za farmacijo, Univerza v Ljubljani, Krka, d.d., Novo mesto
Mentor: S. Srci¢

Fakulteta za farmacijo, Univerza v Ljubljani

Somentorica: M. VreCer

Krka, d.d., Novo mesto

Dobra proizvodna praksa (DPP) je sistem navodil in vodil, ki ob upostevanju in izvajanju omogoca, da se
izdelki dosledno izdelujejo in kontrolirajo skladno s standardi kakovosti in registracijsko dokumentacijo. V svetu
obstajajo Stevilne razli€ice DPP, ki so si med seboj podobne. Namen nasega dela je bil pregled in primerjava
evropskega sistema DPP, ki ga dolo€a Evropska komisija, z ameriSkim sistemom, ki ga definira FDA preko
Code of Federal Regulations. Primerjava je pokazala, da oba sistema uporabljata predpise, ki so dopolnjeni s
smernicami. Smernice FDA so bolj specifi¢ne kot evropske. V Evropi se novosti objavljajo v obliki dodatkov oz.
dopolnil poglavij, v Ameriki pa se vklju€ujejo v obstojeCe besedilo (cGMP). Zahteve za proizvodnjo zdravilnih
ucinkovin so v ZDA enake kot za proizvodnjo konénih izdelkov, v Evropi pa so definirane posebej (EU GMP
Part 1l). FDA ima stroge zahteve glede originalnosti pakiranja izdelkov, v Evropi pa te zahteve ni. V EU sta
zahtevani notranja presoja in pisne pogodbe o zagotavljanju kakovosti pri pogodbeni proizvodnji. FDA teh
zahtev nima, v praksi pa se jih zahteva. Primerjava evropskega in ameriSkega DPP dokazuje, da med njima
razlike so, vendar niso bistvene. Evropski proizvajalec, ki izdeluje farmacevtske izdelke za ameriski trg (in
obratno) mora biti pozoren na te razlike. UpoStevati mora zahteve, ki jih dolo¢a FDA oz EU GMP.

REQUIREMENTS AND REGULATION IN THE
PHARMACEUTICAL INDUSTRY AND COMPARISON OF
EUROPEAN SYSTEM OF GOOD MANUFACTURING
PRACTICE WITH AMERICAN ONE

U. Pate

Faculty of Pharmacy, University of Ljubljana, Krka, d.d., Novo mesto
Supervisor: S. Srcic¢

Faculty of Pharmacy, University of Ljubljana

Co-supervisor: M. Vrecer

Krka, d.d., Novo mesto

Good Manufacturing Practice (GMP) is a system of instructions and guidance. The system ensures that
products are produced consistently and controlled according to the quality standards and as required by the
marketing authorization. There are many similar varieties of GMPs in the world. The purpose of our work
was to review and compare the European GMP determined by the European Commission with the American
GMP determined by FDA. The comparison showed that both systems use regulations supplemented with
guidelines. FDA's guidelines are more specific than the European. In the EU they introduce innovations in the
form of chapter’s supplements. In the USA they introduce them in the subsistent text (cGMP). In the USA the
requirements for producing active substances are the same as for finished products. In the EU requirements
for finished products are defined separately (EU GMP Part Il). FDA has strict requirements for tamper resistant
features. Europe hasn’t got such requirements. In the EU self inspections and written contracts about quality
assurance by contract manufacture are demanded. FDA does not have such requirements but in practice they
are demanded. The comparison of European and American GMPs shows that both systems are very similar. A
European manufacturer who produces products for American market (and also inversely) has to pay attention
to these differences. He/she has to consider FDA’'s requirements (EU GMP).
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STUDIJ INTERAKCI) KATIONOV Z DNA APTAMEROM
TROMBINA

M. Trajkovski

Kemijski institut Ljubljana Slovenija
Mentor: P. Sket

Somentor: J. Plavec

Kemijski institut Ljubljana Slovenija

S pomocjo NMR spektroskopije, CD in UV spektroskopije smo preucevali interakcije amonijevih, kalijevih in
natrijevih ionov z oligonukleotidom d[G,T,G,TGTG,T,G,]. Ta oligonukleotid se je izkazal kot inhibitor trombina,
zato ga v literaturi navadno omenjajo kot “thrombin binding aptamer” (TBA). Ugotavljali smo, kako prisotnost
razli¢nih kationov v raztopini vpliva na zvitje TBA. Dokazali smo, da ob prisotnosti amonijevih ionov TBA tvori
antiparalelen G-kvadrupleks z enako topologijo zvitja kot ob prisotnosti kalijevih ionov. Ob prisotnosti natrijevih
ionov v raztopini je v ravnotezju vec zvrsti TBA G-kvadrupleksov, ni pa razvidno ali je med prisotnimi tudi TBA
G-kvadrupleks z enako topologijo zvitja kot ob prisotnosti kalijevih oziroma amonijevih ionov. Konformacija
treh zank TBA G-kvadrupleksa, ki se tvori ob prisotnosti amonijevih oziroma kalijevih ionov je zelo podobna.
Ugotovili smo, da je TBA G-kvadrupleks, ki se tvori ob prisotnosti kalijevih ionov, stabilnejsi od tistega, ki se
tvori ob prisotnosti amonijevih ionov. V TBA G-kvadrupleksu, ki nastane ob prisotnosti amonijevih ionov, smo
dolocili mesto vezave amonijevih ionov. Dolocili smo konstanto vezave amonijevih ionov in njihov reziden¢ni
cas.

STUDIES OF CATION INTERACTIONS WITH DNA
APTAMER OF THROMBIN

M. Trajkovski

National Institute of Chemistry Ljubljana Slovenia
Supervisor: P. Sket

Co-supervisor: J. Plavec

National Institute of Chemistry Ljubljana Slovenia

We investigated the interactions of ammonium, potassium and sodium ions with oligonucleotide
d[G,T,G,TGTG,T,G,] by NMR, CD and UV spectroscopy. This oligonucleotide is known as “thrombin binding
aptamer” (TBA). We studied the influence of the three cations on folding of the TBA in solution. We proved
that in the presence of ammonium ions TBA folds into antiparallel G-quadruplex with the same topology as
in the presence of potassium ions. There are more types of TBA G-quadruplexes in equilibrium when sodium
ions are present, but it is not evident whether TBA G-quadruplex with the same topology as in the presence of
potassium or ammonium ions is among them. The conformations of the three loops of the TBA G-quadruplex
that forms in the presence of potassium and ammonium ions are very much the same. We found that TBA
G-quadruplex that forms in the presence of potassium ions is more stable than the one that forms in the
presence of ammonium ions. We determined the binding site for ammonium ions in G-quadruplex that forms
in the presence of ammonium ions. We also determined the binding constant for ammonium ions and their
residence time.
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UGOTAVLJANJE PROTIBAKTERIJSKEGA IN
PROTIGLIVNEGA DELOVANJA RDECEGA PIGMENTA
BAKTERIJE Vibrio sp. DSM14379

T. Ambrozic¢, T. Banic, M. étangelj

Grm Novo mesto — center biotehnike in turizma
Mentorici: I. Kuraji¢, J. Gorsin Fabjan

Grm Novo mesto — center biotehnike in turizma
Somentor: N. Stari¢

BiotehniSka fakulteta, Univerza v Ljubljani

Bakterija Vibrio sp. DSM14379 proizvaja rdeCi pigment, ki je podoben pigmentu prodigiozinu, za katerega je
znacilno protibakterijsko, protiglivno, imunosupresivno in protitumorsko delovanje. Pri naSem raziskovalnem
delu smo na sedemindvajsetih kulturah mikroorganizmov preiskovali, aliima rdeci pigment, ki ga bakterija Vibrio
sp. proizvaja, protibakterijsko in protiglivno delovanje. S pomodjo difuzijskega antibiograma smo ugotovili, da
rdeci pigment, pridobljen neposredno iz celic bakterije Vibrio sp., ne deluje na kvasovke in plesni, u€inkuje pa
na grampozitivne bakterije Staphyllococcus sp., Bacillus subtilis, Salmonella typhimurium, Staphyllococcus
epidermis, Micrococcus luteus in Bacillus cereus ter na lzolat iz zemlje 1, Morski izolat in Izolat 2A. Najved;ji
povprec¢ni premer inhibicijske cone smo izmerili pri bakteriji Micrococcus luteus (16,4 mm), najmanjSega pa pri
Staphyllococcus sp. (7,4 mm). Rdeci pigment, pridobljen iz izrabljenega gojis¢a bakterije Vibrio sp., ni deloval
na nobeno od testnih kultur, razen na Morski izolat in 1zolat 2A, ki tako kot Vibrio sp. rasteta v slanem okolju.
Iz rezultatov sklepamo, da bi rdeCi pigment lahko oviral sintezo mureina v celi¢ni steni gram pozitivnih bakterij,
vendar bodo za potrditev te domneve potrebne nadaljnje raziskave.

ANTIBACTERIAL AND ANTIFUNGAL ACTIVITY OF A
RED PIGMENT PRODUCED BY Vibrio sp. DSM14379

T. Ambrozié, T. Bani¢, M. Stangelj

Grm Novo mesto — Centre of Biotechnology and Tourism
Supervisors: |. Kuraji¢, J. Gorsin Fabjan

Grm Novo mesto — Centre of Biotechnology and Tourism
Co-supervisor: N. Stari¢

Biotechnical Faculty, University of Ljubljana

The bacterium Vibrio sp. DSM14379 produces a red pigment similar to the prodigiosin pigment which is known
for its antibacterial, antifungal, immunosuppressive and anti-tumour activities. In our research twenty-seven
cultures of microorganisms were tested to find out if the red pigment excreted by the Vibrio sp. bacterium has
antibacterial and/or antifungal activity. Using a diffusion antibiogram method we found out that the red pigment,
extracted directly from the cells of bacterium Vibrio sp., does not affect yeasts and mildews but has an affect
on Gram-positive bacteria Staphyllococcus sp., Bacillus subtilis, Salmonella typhimurium, Staphyllococcus
epidermis, Micrococcus luteus, Bacillus cereus, Soil isolate 1, Sea isolate and Isolate 2A. The largest average
diameter of the inhibition zone was measured at the bacterium Micrococcus luteus (16,4 mm), the smallest
in Staphyllococcus sp. (7,4 mm). The red pigment from a conditioned medium of the bacterium Vibrio sp. did
not affect any test cultures except for the Sea isolate and Isolate 2A which grow at similar salinity as Vibrio sp.
According to the results we presume, that the red pigment effects the synthesis of murein in the cell wall of
gram-positive bacteria. However, further research will be needed to confirm this hypothesis.
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LEPO ZA OKO, DOBRO ZA TELO?

A. Bregar, U. Bobnar
Gimnazija Novo mesto
Mentorica: M. Kovac¢

Gimnazija Novo mesto

Ze celo Zivljenje nas obdajajo barvasta Zivila. In med nami se teZko najde nekdo, ki se nikoli ni vprasal zakaj
je ta bonbon rumen, spet drugi rde¢. Zdaj, ko smo »vecji«, in prebiramo razno razne €lanke pa smo zasledile,
da je lahko v barvastih Zivilih veliko nenaravnih sestavin, ki so vprasljive za zdravje. Pa je lepo za oko, dobro
za telo!?

Tak naslov je imela tudi delavnica, ki je potekala na gimnaziji Novo mesto, v okviru projektnega tedna. Na to
delavnico se je prijavilo 40 dijakov, kar kaze na aktualnost teme. V njej smo se sprasevali zakaj uporabljamo
barve v Zivilih, kakSne barve uporabljamo, kako to ozna¢imo na embalazi, kako dolo€amo barve v Zivilih, so
ti dodatki zdravi ali Skodljivi? Na ta vpraSanja sva Zeleli dobiti odgovore tudi me. Da pa bi izvedli koliko temo
poznajo ljudje in kak3no je njihovo mnenje sva izvedli anketo.

IS NICE TO THE EYE ALSO GOOD FOR THE BODY?

A. Bregar, U. Bobnar
Gymnasium Novo mesto
Supervisor: M. Kovaé
Gymnasium Novo mesto

There have been colored provisions around us for all our lifetimes. And there’s hardly anyone among us that
hasn’t questioned himself why is this candy yellow and the other one red. Now we’ve grown and as we’re
reading articles, we found out that colored provisions can contain many unnatural ingredients that could harm
our health. So is nice to the eye also good for the body?

That was the title of our activity in the project week running on Gimnazija Novo mesto. 40 pupils applied for
the activity, which shows how popular the subject is. At the activity we asked ourselves why do we use dyed
provisions, what kinds of dyes are we using, how do we mark that on the packaging and if these additives are
healthy or hazardous. We wanted to answer these questions as well. To find out how well the other people are
aware of the additives and what their opinion is, we made a pool.
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GROZDNE PECKE, VIR ZDRAVJA IN LEPOTE

N. Rangus, N. Zigante, L. Lenart
Gimnazija Novo mesto

Mentorica: S. Florijangic
Gimnazija Novo mesto
Somentorica: A. Rangus

Krka, d.d., Novo mesto

Grozdne pecke so odpadek pri pridelavi vina. Naloga opisuje kemijsko sestavo peck in njihovo morebitno
nadaljnjo uporabo. V laboratorijskem poizkusu smo iz grozdnih peck pridelale mascobno olje s postopkom
ekstrakcije s topilom - heksan. V povprecju smo dobile 7,2% olja. Na osnovi statisticnih podatkov o letni
proizvodnji grozdja v Sloveniji in deleza peck v grozdju 3—4% (2-5%) smo teoreti¢no izraCunale koli¢ino
olja iz grozdnih peck, ki jo je mogoCe v Sloveniji pridelati. Glede na dostopne podatke iz literature je nasa
ocena, da se lahko pridela letno iz grozdnih peck od 500.000-750.000 kg olja. (Vir: Kmetijsko gozdarska
zbornica Slovenije). Sestavo olja smo dolocile s pomocjo plinske kromatografije. Glavne sestavine olja so
nenasi¢ene mascobne kisline (ve€ kot 80%), od katerih prevladuje linoleinska. Olje iz grozdnih peck ima
zelo nizko vsebnost nasi¢enih mas€obnih kislin (palmitinska, stearinska) in je bogato z vitamini in minerali
(vitamin E). Zaradi visoke vsebnosti nenasi¢enih mas€obnih kislin je to olje visoko kakovostno in je primerno
za prehrano. Uporablja se tudi v kozmetiki, saj ima vlazilne, negovalne in antioksidativne lastnosti. Te lastnosti
so uporabne tudi v zdraviliSkem turizmu. NaSe olje iz laboratorijskega poizkusa smo primerjali z drugimi nam
dostopnimi komercialnimi olji. Priblizno enako vsebnost nenasi¢enih mascobnih kislin (skupno ve¢ kot 80%)
smo dolodili v olju, kupljenim v Italiji (Proizvajalec: Basso Fedele E Figli) in domacem Dra$ickem grozdnem olju
(proizvajalec - druzina Pecari¢, Dra$ic¢i, Bela Krajina). V naSem laboratorijskem vzorcu smo dolo€ili relativho
nizko vsebnost linoleinske kisline (55.6%), v primerjavi s komercialnimi vzorci (68.1% ; 67.9%). To pomeni, da
je na$ laboratorijski proces potrebno dodatno optimizirati.

GRAPE SEEDS, SOURCE OF HEALTH AND BEAUTY

N. Rangus, N. Zigante, L. Lenart
Gymnasium Novo mesto
Supervisor: S. Florijanci¢
Gymnasium Novo mesto
Co-supervisor: A. Rangus

Krka, d.d., Novo mesto

Grape seeds are waste in wine industry. This research describes chemical composition of grape seeds and
their possible further use. In a laboratory experiment our group produced oil with hexane extraction. 7.2 % of
oil was produced on average. On the basis of statistics data in yearly production of grapes in Slovenia and on
the amount of seeds these grapes contain, 3-4% (2-5%), we have theoretically worked out the amount of oil
which is likely to be produced from grape seeds in Slovenia. We estimate that this is 500.000 kg — 750.000
kg of oil from grape seeds, according to the available sources. (Source: Agricultural Forestry Chamber of
Slovenia). The composition of oil defined with the help of gas chromatography. The main oil components are
unsaturated fatty acids (more than 80 %) in which linoleic acid prevails. The grape seed oil has a very low
content of saturated fatty acids (palmitic, stearic) and is full of vitamins (vitamin E) and minerals. Due to its
high content of unsaturated fatty acids, this oil is of high quality and suitable for cooking. Grape seed oil is
also used in cosmetics, especially because of its moisture, nourishing and antioxidantal properties. These
characteristics are also used in spa tourism. We compared the oil produced in a laboratory experiment with
other oils available on the market. Approximately the same amount of unsaturated fatty acids (together more
than 80%) was defined in oil, bought in Italy (manufactured by: Basso Fedele E Figli) and in home made
grape seed oil from Drasic¢i (manufacturer: Family Pecari¢, DraSici, Bela Krajina). In our laboratory experiment
relatively low amount of linoleic acid (55.6 %) was defined in comparison with commercial samples (68.1 % ;
67.9 %), meaning our laboratory experiment should be additionally optimized.
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ANALIZA PROIZVODNIJE IN UCINKOVITOSTI V
TOVARNI KRKA, d.d.

M. Lovse, D. Vidmar

Solski center Novo mesto, Srednja elektro $ola in tehniska gimnazija
Mentor: U. Nosan

Solski center Novo mesto, Srednja elektro $ola in tehniska gimnazija
Somentor: A. Petkovi¢

Krka, d. d., Novo mesto

Raziskovalna naloga je nastala v sodelovanju Srednje elektro $ole in tehni$ke gimnazije, Solskega centra
Novo mesto in podjetja Krka, d. d. Ideja za raziskovalno nalogo je nastala v Krki, d. d., kjer se ukvarjajo s
problemom, kako zmanj$ati stroSke v proizvodniji.

Da bi spoznala stanje v proizvodnji, sva dobila del Krkine podatkovne baze. Dobljene podatke sva morala
ustrezno obdelati, to pa je bilo mogocCe Sele, ko sva spoznala sam proizvodni proces. Poznavanje proizvodnje
nama je omogocilo izdelavo ustreznih poizvedb. Te so potrdile najino hipotezo, da je bolje izdelovati velike
serije zdravil. Ugotovila sva, da predstavljajo majhne serije zdravil veliko izgubo ¢asa.

ANALYSIS OF WORK AND PRODUCTION LINE
EFFICIENCY IN KRKA, d.d.

M. LovsSe, D. Vidmar

School Center Novo Mesto, Central Electrical Engineering School and High School
Supervisor: U. Nosan

School Center Novo Mesto, Central Electrical Engineering School and High School
Co-supervisor: A. Petkovi¢

Krka, d. d., Novo mesto

This research project was done in cooperation with Srednja elektro $ola in tehni§ka gimnazija, Solski center
Novo mesto, and Krka, d.d. The idea was formed in Krka, d.d. with the intention to cut costs of production.
To get familiar with the current state of the production line in Krka, d.d., we were given a fraction of their computer
database. We have then started to study their production line, which helped us to make the necessary queries.
These queries helped us to confirm our hypothesis that it is better to produce larger amounts of products so
that the company can cut some costs.

79







e - Krkine nagrade e - Krka Prizes

Krkine nagrade







PROUCEVANJE LASTNOSTI TABLET, IZDELANIH S
KAPILARNO ABSORPCIJO RAZTOPINE KETOPROFENA
ALI HIDROKLOROTIAZIDA

A. Ivanovié

Fakulteta za farmacijo, Univerza v Ljubljani
Mentor: O. Planindek

Fakulteta za farmacijo, Univerza v Ljubljani

S postopkom direktnega tabletiranja smo izdelali placebo tablete iz pomozne snovi Prosolv SMCC® HD 90.
Tablete so obstojne v organskih topilih, medtem ko v vodi hitro razpadejo. V tako izdelane tablete smo vgradili
ucinkovini ketoprofen in hidroklorotiazid iz raztopine organskih topil s kapilarno absorpcijo. Tako pripravljene
tablete smo primerjali s tabletami izdelanimi po postopku direktnega tabletiranja, kjer je bila v zmesi za
tabletiranje poleg Prosolv® —a tudi uc¢inkovina.

Z vgrajevanjem ucinkovine v obliki raztopine doseZzemo enakomerno razporeditev ucinkovine v obliki manjsih
delcev po celotni masi tablete, kar nam potrjujejo slike z elektronskega mikroskopa. Na ta nacin lahko
pospesimo hitrost raztapljanja u€inkovine. Rezultati raztapljanja kaZejo, da se v tabletah s ketoprofenom,
izdelanih s postopkom kapilarne absorpcije, u€inkovina raztaplja hitreje kot v obi€ajno izdelanih tabletah.
Delci u€inkovine v direktno stisnjenih tabletah so vecji in neenakomerno porazdeljeni po tableti. 1z njih se
ketoprofen tudi ne sprosti v celoti. Med tabletami, ki vsebujejo hidroklorotiazid, so razlike v hitrosti raztapljanja
minimalne. Predvidevamo, da zato, ker je bil hidroklorotiazid Ze predhodno mikroniziran in je bil tudi v direktno
stisnjenih tabletah v obliki majhnih delcev, kar nam potrjujejo tudi slike iz elektronskega mikroskopa.
Rezultati DSC kaZejo, da so termi¢ne lastnosti uc€inkovin v polnjenih tabletah spremenjene, v primerjavi s
klasi¢no izdelanimi tabletami. Sklepamo, da se obe ucinkovini v polnjenih tabletah porazdeljujeta v tankem
sloju oziroma v porah pomoznih snovi.

STUDY OF TABLETS, MADE WITH CAPILLAR
ABSORPTION OF KETOPROFEN OR
HYDROCHLOROTHIAZIDE SOLUTION

A. Ivanovié

Faculty of Pharmacy, University of Ljubljana
Supervisor: O. Planinsek

Faculty of Pharmacy, University of Ljubljana

Excipient Prosolv SMCC® HD 90 was used to prepare placebo tablets by direct compression. So prepared
tablets were stabile in organic solvent, while in water they disintegrate very fast. Active substances ketoprofen
and hydrochlorothiazide were built in these tablets from organic solution by capillary absorption. These tablets
were compared to the tablets, produced by direct compression from mixture of both, Prosolv® and active
substance.

In tablets produced by capillary absorption uniform and smaller particle distribution was achieved, what can
be seen from scanning electron microscopy (SEM) micrographs. In this way it is possible to increase the
dissolution rate. Dissolution rate studies show that ketoprofen releases faster from the tablets produced by
capillary absorption than from directly compressed tablets. Active substance particles in directly compressed
tablets are bigger and distributed no uniformly in the tablet. The release of ketoprofen from directly compressed
tablets is inadequate. Between differently produced hydrochlorothiazide tablets no significant difference in the
dissolution rate was observed. Most probably this was due to the fact that hydrochlorothiazide was already
micronized and was present in very small particles also in the tablets prepared by direct compression. This
was confirmed by SEM microscopy.

DSC results show, that the thermal properties of active substances in tablets produced by capillary absorption
are changed when compared to directly compressed tablets. We concluded, that the active substance in by
capillar absorption prepared tablets are distributed in very thin layer and/or in the excipient’s pores.
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NACRTOVANJE, IZDELAVA IN VREDNOTENJE
PLAVAJOCIH TABLET NA OSNOVI KSANTANA

U. Krajnc

Fakulteta za farmacijo, Univerza v Ljubljani
Mentorica: S. Baumgartner

Fakulteta za farmacijo, Univerza v Ljubljani

PlavajoCe tablete na osnovi ksantana z u€inkovino amoksicilin predstavljajo specificen dostavni sistem za
zdravljenje okuzb s Helicobacter pylori. S plavanjem in pove¢anjem volumna ogrodja zagotovimo, da tableta
ostane v Zelodcu dalj Casa, kjer podaljSa ¢as sproS¢anja in zadrzevanja amoksicilina na mestu delovanja. To
pomeni, da je za dosego ucinka potrebna manjsa koli¢ina ucinkovine.

Proucevali smo vpliv razlicnih pomoznih snovi in tehnoloskih parametrov na hitrost splavanja ksantanskih
tablet in spro$€anje ucinkovine iz njih. Da bi optimirali spro€anje amoksicilina, smo izdelali tudi dvo-plastne
tablete.

Ugotovili smo, da eno-plastne tablete s trdnostjo okoli 60N, ki poleg ksanatana in ucinkovine vsebujejo Se
NaHCO, ter mikrokristalno celulozo (MCC), splavajo v manj kot 15-ih minutah in v osmih urah neprestanega
plavanja sprostijo priblizno 60% ucinkovine.

Se bolj$e rezultate smo dosegli z izdelavo dvo-plastnih tablet. Na&rtovali smo jih tako, da je prva plast, ki
je razpadla takoj po stiku z medijem, zagotavljala takoj$njo sprostitev u€inkovine nad minimalno inhibitorno
koncentracijo. Druga plast, ki je vsebovala preostalih 70% ucinkovine v ogrodju iz ksantana, NaHCO, in MCC,
pa je omogocala plavanje in podaljSano sproSanje u€inkovine.

Zaklju€imo lahko, da smo poleg enoplastnih razvili tudi dvoplastne plavajoCe tablete, kiimajo ustrezno mehansko
Cvrstost, zagotavljajo dobre plovne lastnosti ter upo€asnijo spro$€anje vgrajene zdravilne ucinkovine.

DESIGNING, FORMULATION AND EVALUATION OF
FLOATING TABLETS BASED ON XANTHAN GUM

U. Krajnc

Faculty of Pharmacy, University of Ljubljana
Supervisor: S. Baumgartner

Faculty of Pharmacy, University of Ljubljana

Xanthan gum based floating tablets represent specific drug delivery system for the treatment against
Helicobacter pylori. Floating and increased matrix volume enable prolonged drug release as well as prolonged
gastric residence time; consequently longer time presence of amoxicillin on the target site is achieved. It
means that lower amounts of substance are needed for optimal effect.

The influence of different excipients and technological parameters of xanthan tablets on the floating time and
drug release rate was investigated. To achieve optimal release rate of amoxicillin, double-layered tablets were
prepared.

Our results show that mono-layered tablets composed of xanthan gum, NaHCO, and microcristalline cellulose
(MCC) (tablet hardness of 60N) start to float in less then 15 min. After 8 hours of continuous floating they
released about 60% of incorporated drug.

Even better results were achieved with double-layered tablets. The first tablet layer was designed to disintegrate
immediately after the contact with the medium and instantly releasing drug substance above minimal inhibitory
concentration. The 2™ layer composed of the rest of drug substance (70%), xanthan as matrix with NaHCO,
and MCC, enabled tablet buoyancy and prolonged release of amoxicillin.

It can be concluded that single- and double-layered floating tablets were developed. They possessed good
floating ability, firm structure and enabled prolonged drug release.
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VEZANJE KATIONSKIH ANTIBIOTIKOV NA LASNICO
DNA Z VEZNIM MESTOM AAAAA

A. Kunej

Fakulteta za kemijo in kemijsko tehnologijo, Univerza v Ljubljani
Mentor: J. Lah

Fakulteta za kemijo in kemijsko tehnologijo, Univerza v Ljubljani

Kljub Stevilnim Studijam vezanja majhnih molekul (ligandov) na DNA ni na voljo preprostih pravil, ki bi
pojasnila zakonitosti vezanja antibiotikov v ozji kanal DNA. Zato predstavlja vsaka informacija o afiniteti
vezanja in specifiénosti prepoznavanja ozjega kanala z ligandom pomemben prispevek k razumevanju teh
zapletenih procesov. S pomocjo CD — spektropolarimetrije smo raziskovali nacin in jakost vezanja netropsina
(NET), 4’-6-diamidin-2-fenilindola (DAPI) in distamicina A (DST) na lasnico (H), ki se tvori iz oligonukleotida
5-GAAAAACCCCCTTTTTC-3". Ugotovili smo, da se na H lahko veze z znatno afiniteto le ena molekula
dikationa NET ali DAPI, medtem ko lahko vezanje DST opiSemo kot zaporedno vezanje dveh molekul DST.
S prilagajanjem modelnih funkcij k CD titracijskim krivuljam smo uspeli dolo iti ustrezne konstante (jakosti)
vezanja pri 20°C. Vrstni red jakosti vezanja je naslednji: NET > DST (prva molekula) > DAPI > DST (druga
molekula). Rezultati kompetitivhega vezanja pokazejo, da DST lahko izpodrine NET ali DAPI z veznega mesta
5-AAAAA-3’ s pomocjo kooperativhega vezanja dveh molekul. Poleg tega lahko NET ali DAPI izpodrineta
DST iz ene polovice njegovih 1:1 kompleksov s H, kar verjetno ni le posledica tvorbe kompleksov H-NET ali
H-DAPI, ampak tudi posledica vezanja izpodrinjenih molekul DST na 1:1 komplekse H-DST.

BINDING OF CATIONIC ANTIBIOTICS TO THE DNA
HAIRPIN WITH AAAAA BINDING SITE

A. Kunej

Faculty of Chemistry and Chemical Technology, University of Ljubljana
Supervisor: J. Lah

Faculty of Chemistry and Chemical Technology, University of Ljubljana

In spite of numerous studies on drug binding to the minor groove of DNA, there is no simple general
code that would explain the observed binding affinity and specificity of minor groove directed antibiotics.
To get a deeper insight into the minor groove recognition by small molecules we studied netropsin (NET),
4’-6-diamydin-2-fenylindol (DAPI) and distamycin-A (DST) binding to the hairpin (H) formed from the 5’-
GAAAAACCCCCTTTTTC-3’ oligonucleotide by using circular dichroism (CD) spectroscopy. Results reveal
that H binds with significant affinity only one molecule of NET or DAPI and two molecules of DST (consecutive
binding). By fitting the model functions to the CD titration curves describing NET, DAPI and DST binding to
the hairpin, we were able to determine the corresponding binding constants at 20°C. Binding affinity follows
the order: NET > DST (first molecule) > DAPI > DST (second molecule). Competitive binding studies show
that DST may displace NET or DAPI from the 5-AAAAA-3’ binding site by cooperative binding of the two DST
molecules. In addition, we observed that NET or DAPI may displace DST from one half of its 1:1 complexes
with the hairpin. We propose that the driving force of this displacement is not only the strong binding of NET or
DAPI to H but also the binding of the displaced DST molecules to the available DST-hairpin 1:1 complexes.
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VPLIV KRITICNIH PARAMETROV PRI VZORCENJU
S POVRSINE IN DOLOCEVANJE UCINKOVINE S
TANKOPLASTNO KROMATOGRAFIJO

M. Luksi¢

Krka, d.d., Novo mesto

Mentorica: D. Brodnjak Von¢ina

Fakulteta za kemijo in kemijsko tehnologijo, Univerza v Mariboru
Somentorica: M. Rozman

Krka, d.d., Novo mesto

V diplomski nalogi je opisana priprava vzorcev in doloCevanje ucinkovine s tankoplastno kromatografijo. Za
odvzem vzorcev s povrSine so bili uporabljeni brisi in vata, medtem ko je bila povrSina vzoréenja velikosti
1 dm?2in 10 dm2. S spreminjanjem materiala za vzorcenje in velikosti povrsine vzoréenja smo prisli do razli¢nih
izkoristkov metode. Kvantitativnho dolo€evanje u&inkovine v vzorcih je bilo izvedeno s pomodjo denzitometra
na podlagi umeritvene krivulje niza standardnih raztopin.

THE INFLUENCE OF CRITICAL PARAMETERS ON
SAMPLING FROM SURFACE AND DETERMINATION
OF THE DRUG CONTENT BY THIN LAYER
CHROMATOGRAPHY

M. Luksic¢

Krka, d.d., Novo mesto

Supervisor: D. Brodnjak Voncina

Faculty of Chemistry and Chemical Technology, University of Maribor
Co-supervisor:: M. Rozman

Krka, d.d., Novo mesto

Goal of diploma thesis is to study the influence of swab material and swab surface size on the efficiency of
swabbing by measuring the content of the drug swabbed from stainless steel surface. Sample preparation
and quantitative evaluation of the drug content using thin layer chromatography is described. By varying
parameters such as the content of the drug on the surface, swab material for sampling and swab surface size
the optimal recovery was evaluated.
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PRIVLACNE SILE MED DELCI PRASKASTIH SUBSTANC

M. Ravnikar

Fakulteta za farmacijo, Univerza v Ljubljani
Mentor: R. Sibanc

Fakulteta za farmacijo, Univerza v Ljubljani

Lastnosti praskov se lahko razlikujejo med posameznimi serijami in dobavitelji. Kemijsko identi¢ni praski
se lahko zaradi razlicne Cistote, porazdelitve velikosti delcev, morfologije delcev, polimorfne oblike,
psevdopolimorfne oblike (hidrati), stopnje kristaliniénosti v procesih obnaSajo povsem razli¢no. Poznavanje
interakcij med delci praskastih substanc, nam je lahko v pomo¢ pri reSevanju in razumevanju Stevilnih tezav
v farmacevtski tehnologiji.

Danes poznamo S§tiri vrste osnovnih sil: mocne in Sibke interakcije (jedrske sile), elektromagnetne ter
gravitacijske sile. Osnova vsem intermolekularnim povezavam so elektromagnetne oziroma elektrostatske
sile. Interakcije so lahko fizikalne, kamor uvr§€¢amo Coulombove in van der Waalsove interakcije ali kemijske
kot so kovalentne, kovinske in deloma tudi ionske interakcije. Vse nastete sile se bistveno razlikujejo po mogi
in dometu.

Za preucevanije sil je najbolj primeren mikroskop na atomsko silo (angl.: The Atomic Force Microscope oziroma
AFM). Uporabljajo se tudi modificirane metode kot so TDFM (angl.: Transverse Dynamic Force Microscopy) in
RSM (angl.: Resonant Scanning Microscopy).

ATTRACTIVE FORCES BETWEEN POWDER PARTICLES

M. Ravnikar

Faculty of Pharmacy, University of Ljubljana
Supervisor: R. Sibanc

Faculty of Pharmacy, University of Ljubljana

Powder properties may vary between each series and supplier. Chemically identical powders act differently
in various processes because of different impurities, distribution of particle size, morphology of the particles,
polymorphic form, hydrate form and degree of crystallinity. Knowledge of interactions between powder particles
helps us to solve and understand numerous problems in pharmaceutical technology.

Four basic types of forces are known nowadays: strong and weak nuclear force, electromagnetic and
gravitational forces. The origin of all intermolecular interactions are electromagnetic or electrostatic forces.
Interactions can be physical like Coulombic and van der Waals interactions or chemical like covalent, metal
and partly Coulombic interactions. All mentioned forces greatly differ in strength and effective range.

The Atomic Force Microscopy is the most suitable method for measuring forces. Modified methods like TDFM
(Transverse Dynamic Force Microscopy) and RSM (Resonant Scanning Microscopy) can also be used.
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SELENOVE SPOJINE V NAVADNI AJDI (Fagopyrum
esculentum Moench), OBOGATENI S SELENOM

M. Vogrincic

Institut Jozef Stefan, Ljubljana

Mentorica: V. Stibilj

Institut Jozef Stefan, Ljubljana

Somentor: |. Kreft

Biotehni¢na fakulteta, Univerza v Ljubljani

Selen (Se) je esencialen element, ajda pa rastlina z dobro prehransko vrednostjo, ki jo lahko uporabljamo
tudi kot zdravilno rastlino. Namen nasega dela je bil ugotoviti, v kolikSni meri se s foliarnim dodajanjem Se
poveca njegova vsebnost v posameznih delih ajde (Fagopyrum esculentum Moench, cv. Darja), kako se
njegova koncentracija spreminja glede na dolzino rastne dobe ter v kak3ni obliki se nahaja v zrelem zrnju in
listih. Rastline smo v ¢asu cvetenja foliarno gnaijili z raztopino natrijevega selenata (10 mgSe/L). Kontrolno in
tretirano skupino rastlin smo vzorgili 65 in 79 dni po setvi, vsebnost Se v posameznih delih rastlin pa dologili z
metodo (HG-AFS) ter Se spojin s HPLC-UV-HG-AFS in HPLC-ICP-MS. Ugotovili smo, da je kontrolna skupina
rastlin v vseh svojih delih vsebovala zelo malo Se (od 5 do 45 ng/gSS), najvec ga je bilo v steblih, listih,
pediclih in nezrelem zrnju. V foliarno gnojeni skupini se je vsebnost Se glede na posamezne dele rastline
povecala za priblizno 50- do 500-krat, najbolj v zrelem zrnju (s 6 na 3500 ng/gSS). V obeh skupinah rastlin
smo opazili podobno porazdelitev Se po posameznih delih rastline (pedicli > zrnje > listi > luske > stebla),
njegova vsebnost pa se glede na ¢as vzorCenja in s tem na razli¢no dolZino rastne dobe ni pomembno
razlikovala. Z encimsko hidrolizo smo v zrnju ekstrahirali ~63 % Se, le-ta je ve€inoma prisoten v obliki SeMet.
Delez vodotopnega Se v listih je bil nizek, in sicer ~14 %, manj kot 4 % je prisotnega v obliki Se(VI). Delez
posameznih selenovih spojin je bil ne glede na dolZino rastne dobe rastlin enak.

SELENIUM SPECIES IN SELENIUM ENRICHED
COMMON BUCKWHEAT (Fagopyrum esculentum
Moench)

M. Vogrinci¢

Jozef Stefan Institute, Ljubljana
Supervisor: V. Stibilj

Jozef Stefan Institute, Ljubljana
Co-supervisor: |. Kreft

Biotehnical Faculty, University of Ljubljana

Selenium (Se) is essential element and buckwheat plant with high nutritional value for humans and can also
be used as a drug plant. The aim of our work was to find out how foliar addition of Se affects the content of this
element in parts of buckwheat plant, how it's concentration changes due to plant’'s growth period length and
to find out which Se species are in seeds and leaves. Buckwheat (Fagopyrum esculentum Moench, cv. Darja)
plants were foliarly sprayed with sodium selenate (10 mgSe/L) in flowering phase. Sampling of both tested
and control group was carried out 65 and 79 days after sowing. Total selenium content in parts of plants was
analyzed by (HG-AFS), speciation was made using HPLC-UV-HG-AFS and HPLC-ICP-MS. Results show
that all plant parts in control group contain low Se values (5-45 ngSe/gDM), the majority of it in stems, leaves,
flower remains and unripe seeds. Se content in treated group was 50- to 500-fold higher than in control group.
The highest difference in concentration between control and treated group is noticed in ripe seeds (from 6
to 3500 ngSe/gDM). We can see very similar Se distribution in plant parts in both control and treated group.
The difference in Se concentration in plant parts between growth period lengths was not significant. After
enzymatic hydrolysis we found ~63 % soluble Se in seeds and only ~14 % in leaves. The main Se species in
seeds was SeMet (~60 % according to total Se content) in leaves we found less than 4 % Se(VI) according to
total Se content. % of Se species was the same regardless to plants growth length.
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