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Pe3tomeTa Ha HaydyHuTe Tpyaose Ha Kpym Kadeakmnmckm

ABTopedepar 3a npuaobusaHe Ha OHC ,g0KTOp”

Kpym Kademxmiickn ,IlpoyuBane u oOLEHKa Ha HOBM IIOMOIIHM BELIECTBA 3a
MHorodysakironannu drug delivery systems ”, Uncopyk, 2006 r.

CaoiicTBaTa Ha pa3IMYHUTE THOJATHU MOJMMEPU, KOUTO Ca CHHTE3UPAaHH W XapaKTEePU3UPaHU B Ta3u
JUCepTalisl, UMaT MHOTO MPEIAMCTBA OT TJEeJHA TOYKA Ha KOHTPOJMPAHOTO OCBOOOXIAaBaHE Ha
JIeKapCcTBaTa.

B pamkuTe Ha Tasd JAWCEepTalMs, YCTHPH HOBM THOMEpHM Ha 0Oazata Ha J100pe YCTaHOBEHHUTE
MYKOAQIXC3UBHH CKCIMIUeHTH Osixa cuntesupann: Ch-TEA, Ch-GSH, PAA-GSH u HA-Cys.
IMpeaumcTBOTO Ha THOANKUIAMHIUHHATA cyocTuTyius Ha Ch-TEA e, de ce uzkimouBa hopMHpaHETO HA
IUKIAYHA HETHOJIHH CTPAaHWYHHM MPOJYKTH MO BpPEME Ha CHHTE3a M ChXPAHCHHE 3a pas3lidika IpU
konrorata Ch-TBA, xwmeto 2-iminothiolane ce wusnomsBa kato Moguduiuparl areHt. IIbjieH
(dakTopHaleH MU3aiH ce M3MOJ3Ba 3a OICHKA Ha BIMSHHETO HA pa3NuyHUTe (aKTOPH MO BpeMe Ha
MPUCHETUHUTETHATA peakius. [[0-CTPUKTEH KOHTPOJ BBPXY 00pa3yBaHETO Ha AWCYI(GUIHU BPBH3KU
MOJXE Jia c€ OCBIIECTBH UPe3 BHBEXJAHETO Ha JIOMBJIHUTENICH €Tall B CHHTE3aTa Ha KOHIOTaTa KaTo
TpeTUpaHe Ha TOIyYeHHs IMPOIYKT C TOAXOMISIIN peaylmpalr areHt karo tris(2-carboxyethyl)phosphine
hydrochloride (TCEP). Enna HoBa cTpaterus, KOSTO ChIIO € OOCKT Ha Ta3W JUCEpTallus, ¢ JUPEKTHATA
umoOmm3aruss Ha cBobogeH GSH Bwpxy chitosan wmmm poly(acrylic acid), koero moBexma 10
(dbopMHpaHeTO Ha €IWH HOB KJIaC THOMEPH, KOUTO MpeiaraT CPaBHUTEIHO MO-BHCOKH YBEITHYABAIIH
MbpMUIIBHA CBOWCTBA. [[enta Ha THONTHATA MOTU(UKAIINS HA XHATYPOHOBA KUCEIHMHA € Ja C& CHHTE3Upa
€IMH HOB KOHIOTAT C TOJOOpPCHM MYKOAJXE3WBHH CBOWCTBA W 3HAYMTEIHO IO-HHCKA CKOPOCT Ha
ouopasrpaxxaane. Hue onrcBame Tyk ycreriHata XuMudecka Moaudukaims Ha Chitosan u xuanypoHoBa
KHCEeNMHA TOCPEICTBOM JIBOMHATa KaranuThuHa cucrema- carbodiimide/ N-hydroxysuccinimide.
Uscnenpanusrta mposeneHu ¢ koHrorata Ch-GSH paskpuBaT 3a0enexuMUTE My KadecTBa, KOHTO ca
nobpa OCHOBa 3a pa3pabOTBAHETO HAa ONTHMHU3UPAHU MYKOAIXE3UBHU CHCTEMH 3a KOHTPOJIHUPAHO
ocBoOOKAaBaHe. KOHIOraThT MPOSBSABA YIBIKEHO BPEME Ha aIXe3Hsl BbPXY MyK03a, KOSTO € B CIICACTBHUC
Ha OaNaHCHpaHW KOXE3UBHHM W MYKOAJIXE3WBHH CBoO¥cTBa. ['OpecnoMeHaToTo moqo0peHne B CBOMCTBATa
Ha KOHIOraTa MOXe J1a Ce 0OSICHU upe3 KOMOMHUPAHETO Ha ciaeaHuTe ehektu. M30upanero Ha NuraHaata
TIyTaTHOH ce OcHOBaBa Ha pK, CTOWHOCTTa Ha THOJNHATA i Tpyma W HAa CKOPOCTTAa Ha pasTBapsHe.
CrabunaoctTa Ha KoHroratra Ch-GSH cnpsiMmo aBTOOKHCIEHHE TPpHU (PU3HMOIOTUYECKH YCIOBHUS CHIIO €
Ba)XKHO CBOMCTBO 3a HETOBUTE MOTCHIMATIHU KIMHWUYHHU TIPUIOKEHWS. BCliecTBHE HA YCTAHOBEHHUTE

OINITUMAJIHN PCAKINMOHHU YCJIOBHA, IOJTYy4YCHATa CTCIICH Ha MO,I[I/I(l)I/IKaLII/ISI Oeme mo-Bucoka oT 250

CrpaHuua 1 ot 17




Hoxymentn Ha Mmar.dapm.Kpym Credanos Kademxuiicku, n¢p 3a yuacrne B KOHKypc 3a joueHt no 03.02.01.
TEXHOJIOTHSI Ha JiekapcTBeHuTe (Gopmu m Ouodapmanust KbM cekTop ,,CoumanHu ¥ (apMaleBTHYHHU TPHXKH™ Ha
MenuumHCKHs KOJIeX, ChriiacHo 00siBa B JIbprkaBeH BecTHHK Op. 14 /20.02.2015.

pumol/g, KoeTo pazdupa ce ChC CHI'YPHOCT OCUTYPSIBA JIOCTAThYHA KOHIICHTPAIMS HA THOJIHH TPYITH BEPXY
monuMepa. PesynrathTe ToOKa3BaT MUPEKTHA KOpejamus MEXIy ChAbP)KaHHETO Ha THOJIHHU TPYHH U
BpeMeTO Ha ajxesus. Koxe3wBHOCTTA ce yBenn4yaBa He3a0aBHO BHB BOJIHA Cpelia MOPAJH IPOTHYAIL
MpoIeC Ha OMpeXBaHe B camus mosmMep. [1o To3u HauMH TOW OCUTypsiBa IIEJIOCTTa M CTAOMIIHOCTTAa Ha
MOJIMMEPHATA MAaTPHIIA IO BPEME Ha aJIXe3usl.

Pesynratute mOTBBpXkKAAaBaT SCHOTO TPEAUMCTBO HAa HOBaTa CTpaTerus 3a pa3pa0OTBaHETO Ha
tromep/GSH yBennuaBaria mbpMUIIIEHA CUCTEMa KaTo ce 0a3upa OT €/IHa CTpaHa Ha UMOOWIM3UPAHETO
Ha GSH BBbpxy nonmMepHus ckeneT, 3a Aa ce H30erHe paspekaaHeTo Ha HecBbp3aHus GSH B
TaCTPOMHTECTHHAIHYSI TPAKT M OT JIpyra, pa3pad0TBAaHETO HA €IMH HOB THUI THOMEPH NPUTEKABAIIH I10-
CHJIHM PEAYKI[HOHHM CBoiicTBa. PemykimonHuTe cBoiictBa Ha koHrorature Ch-GSH u PAA-GSH ce
OTPEACIAT OT €CTECTBOTO HA JIUTAaHJaTa. BeposTHHAT MEXaHU3bM, KOHTO € OTTOBOPEH 3a YBEITHUYCHUS
MepMeadMIINTET B IPUCHCTBUE HAa KOHIOTATA.

Ch-GSH, ce ocHoBaBa Ha HWHXHOMpAaHETO Ha €H3MMa MPOTeMH THPO3UH Qocdaraza (PTP) ot
peayuupanata Gopma Ha GSH. Tosu ensum medochopuiirpa THPOZUHOBUTE OCTAThIM HA OKIyIWHA, 32
KOWTO ce TMpenrnoyiara, d4e BIHAE€ BBPXY OTBApSHETO HA 3IPAaBUTE BPB3KH MEXAY KIETKHUTE.
CrnenoBatenno, wHXHOUpanero Ha PTP or pemymupanus TIyTaTHOH CIICIOBATEIIHO IIME TOBEAC [0
¢dochoprmpane U oTBapsHE Ha 37paBUTE BPB3KU MEXKAy Kietkurte. [lopaau aBrookucienne nHa GSH,
KoJm4yecTBOTO Ha akTwBHMs GSH HamansBa, KaTo 1O TO3M HAYWH BOJW JO HaMalsBaHe Ha
KOHIIEHTpAIUATa My, OT KOETO Clie[iBa ¥ HaMaJIeHHE Ha YBEJIMYEHHEeTO Ha mbpMuIIbHa. CleoBaTeNHo,
MPUCHCTBUETO HA THOJATHHUS TIOJUMED € OT CHIIIECTBEHO 3HAUEHUE, Thil KaTO Mpeana3Ba OKUCICHUETO Ha
TIyTaTHOHA HA TIOBLPXHOCTTA Ha MyKO3aTa.

Brmpekn xumudeckata MOAU(UKAINSL, THOMEPUTE ca BCE OIle OMOpasrpa)iIaiiy ce U MPOSBSIBAT I10-
c1abo pasrpaKiaHe B CPaBHCHHUE ¢ HEMOIU(PHUIIMPAHUTE IMOJIMMEPH. belre ycTaHOBEHO, Y€ CKOpPOCTTa Ha
pasrpaxaaHe CHUITHO 3aBUCH OT KOJUYECTBOTO THOJIHU TPYIH, CTOHHOCTTA Ha PH Ha peaknmoHHara cpena,
CTPYKTypaTa Ha KOHIOTaTuTe (€CTECTBOTO HA JIMTaHJaTa U BHJIa HA XUMUYECKaTa Bpbh3Ka), OMPEIKBAHETO
Ha THOMEPUTE ¥ MOJICKYJIHATA Maca Ha KOHIOTaTHTE.

Tuomnata MopuduKalyss Ha TMOJNHMEPUTE MOJIYJIHAPA CKOPOCTTA HAa OCBOOOXKIAaBaHE OT MAaTPHYHUTE
Ta0JIETKH, KOSTO BOJHU IO KMUHETHUKA, OTKIIOHSIBAIIA CE€ OT 3aKoHA Ha DUK, U 10 YABIKEHO OCBOOOKIaBaHE
Ha BemiecTBOTO. CKOpOCTTa Ha OCBOOOXK/IaBaHE 3aBUCH CHINO M OT MOJICKYJIHATA Maca Ha MOJEITHOTO
BemecTBo. KaTo ce mma npenBup ¢akra, 4e B cCCTeMaTa MPOTHYa MPOLIEC Ha OKUCIICHNE Ha KOHIOTaTHATa
marpuiia in Situ, koeto Boau 10 (opMUpaHETO Ha AUCYI(DUIHH BPH3KH M OMpPEKBaHE HA MOJIUMEpA,
0CBOOOKIaBaHETO HAa MOJICTHOTO BEIIECTBO MOXKE OU ce KOHTPOJIMPA OT TO3HU JIOIBIHUATENICH MEXaHU3bM.
[IponiechT Ha OMpekBaHEe HaMalsBa CKOPOCTTAa Ha MUQY3Us HA MaKpOMOJECKYJIHUTE W JOMpPHUHACS JO
3aBHCHMOCT Ha CKOPOCTTa Ha OCBOOOXJaBaHE OT MOJIEKyJIHaTa Maca, CHOTBETHO OT pa3Mepa Ha

MOJIEKyJaTa.
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OcBeH cunHO Wu3pa3eHWAT e(eKT Ha yBelIW4YaBaHe IIHPMHINBHA HAa TJIABHO IaparenylapHo
TPAHCIIOPTUPAHU XUAPOPHUIHU CHEIUHEHUS, THOMEPUTE 3HAYUTEITHO YyBeNH4yaBaT abopOrusTa Ha
munopunHN cyoctpatn Ha P-gp m multidrug resistance protein (MRP) kakto cakyunaBup. Ilopamu
npubassHeTo Ha 0.5% (w/v) Ch-TBA u 0.5% (w/v) GSH, mppMuInrsHa Ha cakyrmHaBUp ce 1ojo0pssa 1,6
mbTH KaTto ce m3non3Ba Caco-2 monolayer u 2,1 mbTH mpe3 MHTECTHHATHA MyKO3a OT ILTBX. Te3u
pe3ynTaTH TpEeJIoarar, 4¢ THOJATHHUTE MOJIMMEPH MOTraT Ja ObIaT MOTCHIMAIHO LIEHHU CPENICTBA 3a
momoOpsAiBaHe opajiHaTa OMOHAJMYHOCT Ha cyOcTpatu Ha P-gp u multidrug resistance protein (MRP).
Kakro Gerre 1eMOHCTpHpPaHO B TOBa M3CieABaHe, KO-aAMUHHCTpHpaHeTo Ha cucremara Ch-TBA/ GSH
BOAM 10 TPUKpPATHO YBEJIMUECHHWE Ha IbpMUIIbHA Ha MuUKporporernHa McoEeTl. IlpubOapsHero Ha
uuxubutopa BBI xbM cucremara Ch-TBA/ GSH, He oka3Ba HUKAaKBO BIIMSHHE BHPXY IbPMHUIIBHA Ha
McoEeTI in vitro. Beopeku, ye He ce MoiydyaBa HHUKaKBO MOIOOpeHHE in vitro, cMmsTa ce, 4e KO-
agMuHUCTpUpaneTo Ha BBl wMa ChImecTBEHO BIMSHHE BBHPXY OpajHATa OWOHATUYHOCT Ha
mukporporenHa McoEeTl. Karo ce mExuOupaT mpoTeOTUTHIHATE eH3UMH pa3rpaxaamu McoEeTl, kato
TPHUTICUH ¥ XUMOTPHIICHH, OM MOTJIO J]a C€ 09aKBa Mo00psBaHe HA OMOHAIMYHOCTTA UM in Vivo.

Karo ce ocHOBaBa Ha BCHYKHM TE€3W ONHTH, HOBHTE THOMEPH C€ CMATAT, Y€ Ca MHOT0O0OEmaBalll HOBU

CKCIIUMIIMCHTH 3a pa3pa60TBaHeT0 Ha pa3JIn4HU CUCTEMHU 3a KOHTPOJIHUPAHO OCBO60)KI[aBaHe.

l. Cincbk HA MyOJMKANMA B IEPUOAUYHHM HAYYHM U3IAHNUS, KOUTO Cca
CBbP3aHM C JOKTOPCKATA TUCEPTALMS

1. Krum Kafedjiiski, Alexander H. Krauland, Martin H. Hoffer, Andreas Bernkop-Schniirch.
Synthesis and in vitro evaluation of a novel thiolated chitosan. Biomaterials 2005; 26: 819-862. [IF =
8.312]

In order to achieve the same properties as chitosan-TBA and to overcome at the same time its insufficient
stability, the aim of this study was to evaluate the imidoester reaction of isopropyl-S-
acetylthioacetimidate for the chemical modification of chitosan and to study the properties of the resulting
chitosan-thioethylamidine (TEA) derivative. The thioalkylamidine substitute was introduced without the
formation of N-substituted non-thiol products. The resulting conjugates exhibited 1.05 + 0.17% or 139.68
+ 17.13 pmol immobilized free thiol groups per gram polymer and a total amount of reduced and
oxidized thiol groups of 1.81 + 0.65% or 179.46 + 67.95 pmol/g polymer. By the immobilization of thiol
groups, mucoadhesion was strongly improved due to the formation of disulfide bonds with mucus
glycoproteins. Chitosan-TEA was investigated regarding to its mucoadhesive properties via tensile

studies and the rotating cylinder method. In tensile studies the total work of adhesion (TWA) of chitosan-
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TEA was increased 3.3-fold in comparison to unmodified chitosan. Results from the rotating cylinder
method showed an improvement ratio of 8.9 for chitosan-TEA compared with unmodified chitosan. In
spite of the immobilization of thiol groups onto chitosan, its swelling behavior in aqueous solutions was
not significantly altered. Cumulative release studies out of matrix tablets comprising the chitosan-TEA
and the model compound fluorescence labeled dextrane (FD,) demonstrated a controlled release over
three hours with a trend towards a pseudo zero-order kinetic. Because of these features the new chitosan
thioamidine conjugate might represent a promising new polymeric excipient for various drug delivery

systems.

2. Krum Kafedjiiski, Martin H. Hoffer, Martin Werle, Andreas Bernkop-Schniirch. Improved
synthesis and in vitro characterization of chitosan- thioethylamidine conjugate. Biomaterials 2006;
27:127-135. [IF = 8.312]

The aim of this study was to establish improved reaction conditions for the synthesis of chitosan-
thioethylamidine (Ch-TEA) conjugate and to evaluate the properties of the obtained Ch-TEA conjugate.
The influence of different factors on the coupling reaction, such as concentration of chitosan solution,
employment of reducing agent and deprotection of S-acetyl groups, was evaluated. The cohesive
properties and stability of the obtained conjugate were evaluated by disintegration test and by oxidation
experiments, respectively. The adhesive properties of Ch-TEA conjugate were evaluated in vitro on
freshly excised porcine mucosa via tensile studies and the rotating cylinder method. The permeation-
enhancing effect of Ch-TEA conjugate was evaluated in Ussing-type chambers by using rhodamine 123
as model compound.

The resulting conjugate displayed 225 umol immobilized free thiol groups and 102 pumol disulfide bonds
per gram polymer. The degree of modification depends mostly on the chitosan concentration employed
and the deprotection of S-acetyl groups with hydroxylamine. During oxidation studies the amount of thiol
groups decreased by 61%. Disintegration studies of tablets comprising Ch-TEA demonstrated stability for
48 h. In tensile studies, the total work of adhesion of the conjugate was determined to be 5.1-fold
increased in comparison to unmodified chitosan. Results from the rotating cylinder method showed more
than a 13-fold increase in the adhesion time of thiolated chitosan versus unmodified chitosan. The
apparent permeability coefficient (P,y) of the system 0.5% (w/v) Ch-TEA conjugate with 5% (w/v)
glutathione was calculated to be 5.35 x 10® cm/s, while the Papp Value of the system 0.5% (w/v)
unmodified chitosan was 1.73 x 10°® cm/s. These features should render Ch-TEA useful as an excipient

for various drug delivery systems.
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3.  Krum Kafedjiiski, Florian Foger, Martin Werle, Andreas Bernkop-Schnirch. Synthesis and in Vitro
Evaluation of a Novel Chitosan- Glutathione Conjugate. Pharmaceutical Research 2005; 22: 1480-
1488. [IF = 3.952]

Purpose. It was the aim of this study to synthesize and characterize a novel chitosan-glutathione (GSH)
conjugate providing improved mucoadhesive and permeation-enhancing properties.

Methods. Mediated by carbodiimide and N- hydroxysuccinimide, glutathione was covalently attached to
chitosan via the formation of an amide bond. The adhesive properties of chitosan-GSH conjugate were
evaluated in vitro on freshly excised porcine mucosa via tensile studies and the rotating cylinder method.
The cohesive properties and stability of the resulting conjugate were evaluated by disintegration test and
by oxidation experiments, respectively. The permeation-enhancing effect of the chitosan-GSH/ GSH
system was evaluated in Ussing chambers by using rhodamine 123 as model compound.

Results. The obtained conjugate displayed 265.5 pmol immobilized free thiol groups and 397.9 pmol
disulfide bonds per gram polymer. Because of the formation of disulfide bonds within the polymer, the
stability of matrix tablets could be strongly improved. In tensile studies, the total work of adhesion of the
conjugate was determined to be 9.9-fold increased in comparison to unmodified chitosan. Results from
the rotating cylinder method showed more than 55-fold increase in the adhesion time of thiolated chitosan
versus unmodified chitosan. In addition, the conjugate in combination with GSH displayed a 4.9-fold
higher permeation-enhancing effect compared with unmodified chitosan.

Conclusions. Because of the improved mucoadhesive and cohesive properties, and the strong permeation-
enhancing effect of the chitosan-GSH conjugate/ GSH system, the novel thiolated chitosan seems to

represent a promising multifunctional excipient for various drug delivery systems.

4, Krum Kafedjiiski, Martin Werle, Florian Foger, Andreas Bernkop-Schnirch. Synthesis and in vitro
characterization of a novel poly(acrylic acid)-glutathione conjugate J. Drug Del. Sci. Tech., 2005; 15
(6): 411-417. [IF = 1.088]

The purpose of the present study was to improve the multifunctional properties of poly(acrylic acid) by
the covalent attachment of glutathione. The adhesive properties of poly(acrylic acid)-glutathione (PAA-
GSH) conjugate were evaluated in vitro on freshly excised porcine mucosa via tensile studies and the
rotating cylinder method. The permeation-enhancing effect of the conjugate in combination with
glutathione was evaluated in Ussing chambers by using sodium fluoresceine as model compound. The
resulting PAA-GSH conjugate displayed 353.7 + 41.8 (n=3) umol immobilized free thiol groups and
309.8 + 27.3 (n=3) umol disulfide bonds per gram polymer. In aqueous solutions, the modified polymer
demonstrated improved cohesive properties. Due to the immobilization of glutathione, the swelling
velocity of the polymer was 4-fold accelerated. Tensile studies showed that the mucoadhesive properties

of poly(acrylic acid) were strongly improved by the covalent attachment of glutathione. The adhesion

time of PAA-GSH was more than 14-fold higher in comparison to unmodified poly(acrylic acid).
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Furthermore, the conjugate exhibited a 1.77-fold higher permeation-enhancing effect compared with the
control. According to the results of the present study, PAA-GSH conjugate represents a very promising

novel thiomer for the development of various mucoadhesive drug delivery systems.

5. Krum Kafedjiiski, Florian Foger, Martin Werle, Andreas Bernkop-Schniirch. Evaluation of in vitro
enzymatic degradation of various thiomers and cross-linked thiomers. Drug Develop. Ind. Pharmacy,
2007; 33: 199- 208. [IF = 2.006]

It was the aim of this study to examine the biodegradability of thiomers and of cross-linked thiomers in
comparison with unmodified polymers. Disulfide-crosslinked conjugates were prepared by air oxidation
at room temperature. Thiomers were investigated by viscosity measurements and spectrophotometric
assays. The influence of different factors on the hydrolysis rate, such as the degree of modification of
thiomers, structure of the conjugates, pH value of the reaction medium and the impact of the process of
crosslinking were evaluated. Due to the modification, thiolated chitosans degraded 12.9 - 24.7 % less than
unmodified chitosan in the framework of viscosity measurements. In addition, the hydrolysis degree of
thiolated alginates and modified carboxymethylcelluloses was 25.6 - 32.4 % and 18.4 - 27.0 % lower,
respectively, in comparison to the corresponding unmodified polymers. Conjugates with higher coupling
rate of thiol groups were degraded even more slowly. Moreover, the crosslinking process via disulfide
bonds additionally reduced the rate of thiomers degradation. The range of degradation rates achieved in
vitro could be modified by alterations of the contents of thiol and disulfide groups, as well as by suitable
design of the polymer structure and ligands used.

These results represent helpful basic information for the development of mucoadhesive drug delivery

systems, implantable delivery systems and tissue engineering constructs.

6. Krum Kafedjiiski, Ram Jetti, Florian Foger, Herbert Hoyer, Martin Werle, Martin Hoffer and
Andreas Bernkop-Schnirch. Synthesis and in vitro evaluation of thiolated hyaluronic acid for
mucoadhesive drug delivery. Int. J. Pharm., 2007; 343: 48- 58. [IF = 3.785]

It was the aim of this study to synthesize and characterize a novel hyaluronic acid- cysteine ethyl ester
(HA-Cys) conjugate providing improved mucoadhesive properties and a significantly lowered
biodegradation rate. Mediated by carbodiimide and N- hydroxysuccinimide, L-cysteine ethyl ester
hydrochloride was covalently attached to hyaluronic acid (HA, hyaluronan) via the formation of an amide
bond. The adhesive properties of HA-Cys conjugates were evaluated in vitro on a freshly excised porcine
mucosa via the rotating cylinder method. The cohesive properties of the resulting conjugates were
evaluated by oxidation experiments. Biodegradability studies were carried out by viscosity measurements
and spectrophotometric assays. Release studies were performed with fluorescein isothiocyanate-dextrans

(FD) as model compounds. The obtained conjugate displayed 201.3 + 18.7 umol immobilized free thiol
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groups and 85.7 + 22.3 umol disulfide bonds per gram polymer. Results from the rotating cylinder
method showed more than 6.5-fold increase in the adhesion time of HA-Cys versus unmodified HA. In
aqueous solutions, the obtained conjugate demonstrated improved cohesive properties. The hydrolysis
degree of HA-Cys was lower compared with the corresponding unmodified HA in the framework of
viscosity experiments. In addition, the crosslinking process via disulfide bonds additionally reduced the
rate of degradation of the new derivative. Cumulative release studies out of matrix tablets comprising
HA-Cys and the model compound FD demonstrated a sustained drug release for more than 12 h due to in
situ formation of inter- and intramolecular disulfide bonds in the thiomer matrix. According to the results

of the present study, this novel thiolated polymer seems to represent a promising multifunctional

excipient for the development of various drug delivery systems.

7. Krum Kafedjiiski (2004). Multifunctional Polymeric Excipients in Non-Invasive Delivery of
Hydrophilic Macromolecular Drugs: The Thiomer-Technology. The Drug Delivery Companies
Report Autumn/Winter 2004, 47-50

Due to the immobilisation of thiol groups on polymeric excipients such as chitosans and poly(acrylates)
their mucoadhesive, permeation enhancing and enzyme inhibitory properties are signifi cantly improved.
Compared with oral drug delivery systems comprising unthiolated polymers, the effi cacy of delivery
systems comprising thiolated polymers is signifi cantly higher. Thiomers appear to represent a promising
new generation of multifunctional polymers for non-invasive delivery of hydrophilic macromolecular
drugs. Companies already making use of this novel technology are MucoBiomer, Leobendorf, Austria

and ThioMatrix, Innsbruck, Austria.

8. Florian Foger, Krum Kafedjiiski, Herbert Hoyer, Brigitta Loretz, Andreas Bernkop-Schnirch.
Enhanced transport of P-glycoprotein substrate saquinavir in presence of thiolated chitosan. Journal
of Drug Targeting, 2006; 00 (0): 1- 8. [IF = 2.768]

It was the aim of this study to investigate the effect of chitosan-4-thiobutylamidine (Ch-TBA) and
reduced glutathione (GSH) on the absorption of P-glycoprotein (P-gp) and multidrug resistance protein
(MRP) substrate saquinavir in vitro and in vivo. Bidirectional transport studies were performed with
Caco-2 cell monolayers and additionally with freshly excised rat small intestinal mucosa mounted in
Ussing type chambers. Furthermore, a delivery system based on Ch-TBA and GSH was

evaluated in vivo in rats. The functional activity of the efflux pumps in Caco-2 cells and rat intestinal
mucosa during the experiment was proven by the efflux ratio of saquinavir, which was 6.4 for Caco-2

cells and 2.1 for rat intestinal mucosa, respectively. Ch-TBA and particularly the combination of Ch-TBA

with GSH enhanced apical (AP) absorption and decreased the secretory transport of saquinavir. In
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presence of 0.5% Ch-TBA and 0.5% GSH, the uptake of saquinavir was 1.6-fold improved in Caco-2
monolayer and 2.1-fold improved in rat intestinal mucosa. In vivo, the area under the plasma
concentration time curve (AUC) of saquinavir was 1.4-fold and Cmax 1.6-fold increased, in comparison
with control.

Results of this study showed that Ch-TBA in combination with GSH can be an interesting tool for

increasing the oral bioavailability of actively secreted compounds.

9. Martin Werle, Krum Kafedjiiski, H. Kolmar, Andreas Bernkop-Schniirch. Evaluation and
improvement of the properties of the novel cystine-knot microprotein McoEETI for oral
administration. Int. J. Pharm., 2007; 332: 72- 79. [IF = 3.785]

Cystine-knot microproteins exhibit several properties that make them highly interesting as scaffolds for
oral peptide drug delivery. It was therefore the aim of the study to evaluate the novel clinically relevant
cystine-knot microprotein McoEeT]I regarding its potential for oral delivery. Additionally, based on the
gained results, important features of McoEeTIl were improved. Enzymatic degradation was caused by
chymotrypsin, trypsin and porcine small intestinal juice whereas McoEeT!| was stable towards elastase,
membrane bound proteases, pepsin and porcine gastric juice. Only minor McoEeTI degradation was
observed during a 24 h incubation period in rat plasma. In the presence of various physiological ions
about 50% of McoEeTI formed di- and/or trimers. Papp value of McoEeTl was determined to be
(7.4+0.4)x10-6 cm/s. Sodium caprate and polycarbophil-cysteine (PCP-Cys) had no beneficial effect on
McoEeTIl permeation, whereas the utilization of a chitosan-thiobutylamidine (Chito-TBA) system
improved McoEeTI permeation 3-fold. Enzymatic stability could be strongly improved by the utilization
of Bowman-Birk-Inhibitor (BBI) as well as PCP-Cys. In conclusion, this study indicates that McoEeT]I
represents a promising candidate as a novel scaffold for oral peptide

drug delivery.

10. Andreas Bernkop-Schnirch, Martin H Hoffer, Krum Kafedjiiski (2004). Thiomers for oral delivery
of hydrophilic macromolecular drugs. Expert Opinion On Drug Delivery, 1(1), 87-98. [IF = 4.116]

Within recent years thiolated polymers— designated thiomers— appeared as promising new tool in oral
drug delivery. Thiomers are obtained by the immobilisation of thiol bearing ligands to mucoadhesive
polymeric excipients. By formation of disulfide bonds with mucus glycoproteins, the mucoadhesive
properties of thiomers are up to 130-fold improved compared to the corresponding unmodified polymers.
Due to the formation of inter- and intramolecular disulfide bonds within the thiomer itself, matrix tablets

and particulate delivery systems show strong cohesive properties resulting in comparatively higher
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stability, prolonged disintegration times and a more controlled drug release. The permeation of
hydrophilic macromolecular drugs through the gastrointestinal mucosa can be improved by the use of
thiomers. Furthermore some thiomers exhibit improved inhibitory properties towards gastrointestinal
peptidases.

The efficacy of thiomers in oral drug delivery could be demonstrated by various in vivo studies. A
pharmacological efficacy of 1%, for instance, was ahieved in rats by oral administration of calcitonin
tablets comprising a thiomer. Furthermore, tablets comprising a thiomer and pegylated insulin resulted in
a pharmacological efficacy of 7% after oral application to diabetic mice. Low molecular weight heparin
embedded in thiolated polycarbophil led to an absolute bioavailability of at least 20% after oral
administration to rats. In all these studies, formulations comprising the corresponding unmodified
polymer had only a marginal or no effect. According to these results drug carrier systems based on

thiomers seem to be a promising tool for oral delivery of hydrophilic macromolecular drugs.

Il. Ciucbk Ha myOJMKANMUTE B IEPUOJAMYHN HAYYHU M3aHHUA, KOUTO He ca
CBBP3aHM € JOKTOPCKATA JUCEPTALMS

II.1. Ny6Aaukauum B Yy>KAM HayyHU CNUCAHUA

11. Florian Foger, Herbert Hoyer, Krum Kafedjiiski, Michael Thaurer, Andreas Bernkop-Schnirch. In
vivo comparison of various polymeric and low molecular mass inhibitors of intestinal P-
glycoprotein. Biomaterials 2006; 27: 5855-5860. [IF = 8.312]

Several polymers have been reported to modulate drug absorption by inhibition of intestinal P-
glycoprotein (P-gp). The aim of the present study was to provide a direct in vivo comparison of delivery
systems based on Pluronic P85, Myrj 52 and chitosan-4-thiobutylamidine (Ch-TBA) in vivo in rats, using
rhodamine-123 (Rho-123) as representative P-gp substrate. Furthermore, the postulated low molecular
mass P-gp inhibitors 6-mercaptopurine and reduced glutathione (GSH) were evaluated in vitro and in
vivo. In vitro, the permeation enhancing effect of 6-mercaptopurine, GSH, Pluronic P85, Myrj 52, and the
combination of Ch-TBA with GSH was evaluated by using freshly excised rat intestinal mucosa mounted
in Ussing-type diffusion chambers. In comparison to buffer only,

Rho-123 transport in presence of 100 mM 6-mercaptopurine, 0.5% (w/v) GSH, 0.5% (w/v) Pluronic P85,
0.5% (w/v) Myrj 52 and the combination of 0.5% (w/v) Ch-TBA/ 0.5% (w/v) GSH, was 2.1, 1.6, 1.9, 1.8,
3.0-fold improved, respectively. In vivo in rat, entericcoated tablets based on Pluronic P85, Myrj 52 or
Ch-TBA/GSH increased the area under the plasma concentration time curve (AUC0-12) of Rho-123 1.6-
fold, 2.4-fold, 4.3-fold, respectively, in comparison to control only. Contrariwise, the low molecular mass

excipients 6-mercaptopurine and GSH showed no significant effect in vivo at all.
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This in vivo study showed that polymeric P-gp inhibitors and especially the delivery system based on

thiolated chitosan significantly increased the oral bioavailability of P-gp substrate Rho-123.

12.  Sayeh Majzoob, Fatemeh Atyabi, Farid Dorkoosh, Krum Kafedjiiski, Brigitta Loretz, Andreas
Bernkop-Schniirch. Pectin-cysteine conjugate: synthesis and in-vitro evaluation of its potential for
drug delivery. Journal of Pharmacy and Pharmacology, 2006: 58 (12): 1601-1610. [IF = 2.161]

This study was aimed at improving certain properties of pectin by introduction of thiol moieties on

the polymer. Thiolated pectin was synthesized by covalent attachment of cysteine. Pectin—cysteine
conjugate was evaluated for its ability to be degraded by pectinolytic enzyme. The toxicity profile of

the thiolated polymer in Caco-2-cells, its permeation enhancing effect and its mucoadhesive and

swelling properties were studied. Moreover insulin-loaded hydrogel beads of the new polymer

were examined for their stability in simulated gastrointestinal conditions and their drug release profile.
The new polymer displayed 892.27 + 68.68 mmol thiol groups immobilized per g polymer, and

proved to have retained its biodegradability, upon addition of Pectinex Ultra SPL in-vitro, determined

by viscosity measurements and titration method. Pectin—cysteine showed no severe toxicity in

Caco-2 cells, as tested by 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT) and
lactate dehydrogenase (LDH) assays. Moreover, the synthesized polymer exhibited a relative permeation
enhancement ratio of 1.61 for sodium fluorescein, compared to unmodified pectin. Pectin—

cysteine conjugate exhibited approximately 5-fold increased in in-vitro adhesion duration and
significantly improved cohesive properties. Zinc pectin—cysteine beads showed improved stability in
simulated gastrointestinal media; however, insulin release from these beads followed the same profile

as unmodified zinc pectinate beads. Due to favourable safety and biodegradability profile, and

improved cohesive and permeation-enhancing properties, pectin—cysteine might be a promising

excipient in various transmucosal drug delivery systems.

13.  Herbert Hoyer, Krum Kafedjiiski, Florian Foger, Andreas Bernkop-Schnirch. Design and
evaluation of a new gastrointestinal mucoadhesive patch system containing Chitosan-Glutathione.
Drug Develop. Ind. Pharmacy, 2007; 33 (12): 1289- 96. [IF = 2.006]

Within this study, a novel gastrointestinal patch system was developed and investigated regarding water-
absorbing capacity, adhesive properties, in vitro release, unidirectional release and permeation

enhancing effect. Water uptake studies revealed that the weight of patch systems with Ch-GSH increased
about 44.5 + 2.3 mg (127%) after 90 min. This patch system remained even after 180

h on the mucosa and released 49.7 + 0.7% of FD4 within 8 h. A 2.5- fold higher transport of FD4 can be

obtained in contrast to control. In conclusion this patch system could be an interesting possibility
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for the transport through the intestinal mucosa of macromolecules which will normally be degraded in the

intestinal tract.

14. Herbert Hoyer, Wolfgang Schlocker, Krum Kafedjiiski and Andreas Bernkop-Schnirch.
Preparation and Evaluation of Microparticles from Thiolated Polymers via Air Jet Milling. Eur. J.
Pham., Biopharm., 2008: 69 (2): 476- 485. [IF = 4.245]

Microparticles were formulated by incorporation of the model protein horseradish peroxidase in
(thiolated) chitosan and (thiolated) poly(acrylic acid) via co-precipitation. Dried protein/polymer
complexes were ground with an air jet mill and resulting particles were evaluated regarding size
distribution, shape, zeta potential, drug load, protein activity, release pattern, swelling behaviour and
cytotoxicity. The mean particle size distribution was 0.5-12 um. Non-porous microparticles with a
smooth surface were prepared. Microparticles from (thiolated) chitosan had a positive charge whereas
microparticles from (thiolated) poly(acrylic acid) were negatively charged. The maximum protein load for
microparticles based on chitosan, chitosan—glutathione (Ch-GSH), poly(acrylic acid) (PAA) and for
poly(-acrylic acid)—glutathione (PAA-GSH) was 7 + 1%, 11 + 2%, 4 £ 0.2% and 7 + 2%, respectively.
The release profile of all microparticles followed a first order release kinetic. Chitosan (0.5 mg), Ch-
GSH, PAA and PAA-GSH particles showed a 31.4-, 13.8-, 54.2- and a 42.2-fold increase in weight,
respectively. No significant cytotoxicity could be found. Thiolated microparticles prepared by jet milling
technique were shown to be stable and to have controlled drug release characteristics. After further
optimizations the preparation method described here might be a useful tool for the production of protein

loaded drug delivery systems.

Il. 2. Ny6anKaumum B Hay4yHU cnucaHua B bvarapua

15. Kpym Kadenxuiicku, Crepan Kapemxuiicku. Pazpaborane Ha cTabuieH ¢apMaleBTUUYEH ChCTaB
Ha pa3TBOp 3a IEPOpaHM KalKu, Chabpikail Metamizole sodium monohydrate, MEJUMIIMHCKI
ITPEIJIE/, Ne 2/2015r.
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Jedbuanupan € oCHOBHHSA TpoOJieM Npu pa3paboTBaHE HA ChCTaB, OCHOBAaH HA METaMH30J1 HATpHH -
CTAOMIIHOCT MO OTHOIICHUE Ha Pa3IaJHH NPOIYKTH Ha aKTUBHOTO BEIIECTBO.

Uscnensann ca edekra Ha Buma Ha Oydepa, kamanurera Ha Oydepa m pH Ha pasTBopa BBpPXY
CTaOMITHOCTTa Ha METaMU30J1 HATpUil BB BOJCH Pa3TBOP.

B pesynrat ca onpeneneHl ONTHUMAIHUTE YCIOBUS M ChCTaB Ha pa3TBOpPA 3a MEPOpaTHH KalKH: HUTPaTeH

Oydep, kamarurer 125 mM u pH 7.7.

16. Kpym Kademxuiickn, Esrenun ['puropos, Tonu BekoB. n BuTpo m3cnenBaHe Ha HoBa Alginate
Raft — forming oral suspension, MEJJULIMHCKU ITPET'JIE/, Ne 3/2015r.

[IpoBeneHn ca WH BHUTPO CpPaBHUTEIHU W3NMUTBAaHUS Ha HoBa Alginate Raft — forming mepopanna
CyCIIEH3HUs CpsAMO Thproeekus npoaykT Gaviscon Cool Mint Liquid oral suspension (Reckitt Benckiser
Healthcate, UK).

Pesynratute mokasBart, ye mpu Beska croiiHocT Ha pH, Alginate Raft susp. u Gaviscon susp. ch3aaBar
QITMHATHH TeJIOBE ChC CPABHUMH XapaKTEPUCTHKH.

[IpencraBenuTe naHHU MOTBBPXKIABAT MpEUIaraHus MEXaHU3bM Ha JeiicTBHe Ha HoBaTa Alginate Raft

CYCIICH3HS.

17. Kpym Kademxuiickn, Esrenn ['puropos, Tonu Bekos. PazpaboTBane Ha (apMalieBTU4YEH ChCTaB C
NPUATHA OPTraHOJENTHYHH XapaKTepUCTHKH, chabpxkam —Acetylcysteine, MEJWMIIMHCKU
MEHUJDKMBHT U 3IPABHA TTOJIMTUKA, Ne 2/2015r.

Pa3paboten e ¢apmalieBTHYEH ChCTaB Ha Mpax 3a MepOpajlieH pa3TBOp, ChIbpxkail Acetylcysteine upes
MpWiaraHe Ha MOAXOJANa M e(peKTUBHA KOMIUIGKCHA CHCTEMa 3a MacKHpaHe BKyca M MHpHUCa Ha
acetylcysteine.

VYcTaHoBeH ¢ (papMalleBTHYHO MPUEMIIMB CTaOMIM3aTop Ha acetylcysteine — citric acid U onrTuMasHarta
KOHIICHTPAIVSI B YCIIOBUS Ha TIEPOPAJICH BOJICH Pa3TBOP — TOIUIA HAITUTKA.

VYcnenHo e nNpuiaoXkeH HOB METOJ 32 MACKUpaHe HEeNMPHATHHSI BKyC M MUpHC Ha acetylcysteine  HeroBu
MpUMECH Ype3 MEXaHWYHO CMECBaHe Ha akTUBHOTO BemecTBo ¢ Kleptose Linecaps 17 B ompeneneHo
TETJIOBHO CHOTHOIIICHHE.

M3non3BaHo € MOXOAAIIO pa3pekAalio BEIMIeCTBO B MPOIyKTa — IMOnuoa xylitol, xoiito mMoxke ma ce

M3M0JI3Ba U OT JUAOETHUIIHN.

18. Kpym Kadenxuiicku, Errenu I'puropos, Touu Bekos. VlH BUTpO cpaBHHUTEIHO OCBOOOXK1aBaHEe Ha
AICTHJICAITMITUIIOBA KUCEIMHA OT HOBU cToMamrHo-yctoiunBu 100 mg tabnerkn, MEJIMITMHCKA
I[TPETJIE, Ne 4/2015r.
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Wzcnenpan e mpoduina Ha ocBoOOxkaaBaHe Ha acetylsalicylic acid ot npoaykrta ASA 100 mg gastro-
resistant tablets B pa3nuuHU cpenu ChIIacHO PHKOBOACTBOTO ,,Quality of oral modified release product”,
EMA/CHMP/QWP/428693/2013. Jlokazano ¢ nogo0ue Ha mpoduia Ha pa3TBapsHe CIpsMo pedepeHTeH
npoaykT Aspirin Protect 100 mg gastro-resistant tablets upe3 cratuctuuecku axrop Ha nogodue f2.

B um3cnenBaHeTo 3a CTaOWIHOCT € OIICGHEHO NOBEICHHETO HA IMPOJYKTa OTHOCHO XapaKTePUCTHUKATa Ha

pa3TBapgHC U CbABPIKAHNUC HA pa3laJICH MPOAYKT CBO6OI[Ha CalIMIIMJIOBa KMCCJIIMHA.

19. Banentuna benueBa, Kpym Kademxuiickn, Esrenn ['puropos. Hcropuss u pasBuTHe Ha
KoHuemnuusTa 3a Mcxemnuna 6osect Ha cepueto (MBC), Cnucanne CrpaedHo-chA0BY 3a00sBaHH,
Ne 1/2015r.

CratusiTa TpociefsBa HAKOW OT HaW-BaXHUTE MOMEHTH OT HCTopusATa Ha McxemmuHa OojecT Ha
cbpueto. Ts pa3kpuBa U CHIHOCTTA Ha YTBBP)KIABaHETO Ha KOHIEMIMATA 32 PUCKOBHUTE (PaKTOPU KaTO

npeanocTaBka 3a pazsuruero Ha MBC.

I11. Cniucbk Ha pe3roMeTa 0T MeKAYHAPOAHU KOHIPeCH, CHUMIIO3UYMHU,
KOHGepeHunu (0€3 MbJIEH TEKCT HA J0KJIA/1a), NYyOJMKYBAHN B HAYYHHU
CMMCAHUSA UM COOPHUIIU € Pe3I0MeTa Ha HayYHaTa NposiBa

20. Krum Kafedjiiski (12- 17 June, 2005). Synthesis and in Vitro Characterisation of a Novel Chitosan-
Glutathione Conjugate. Pharmaceutical Sciences Fair & Exhibition, Nice, France; JTOKJIAJIL,
Abstract SC-54

It was the aim of this study to synthesize and evaluate a novel chitosan-glutathione (GSH) conjugate
providing improved mucoadhesive and permeation enhancing properties. Mediated by carbodiimide and
N- hydroxysuccinimide, glutathione was covalently attached to chitosan via amide bond. The adhesive
properties of chitosan-GSH conjugate were evaluated in vitro via tensile studies and the rotating cylinder
method. The permeation enhancing effect of chitosan-GSH/ GSH system was evaluated in Ussing
chambers by using rhodamine 123. The obtained conjugate exhibited 265 micromol immobilised free
thiol groups and 398 micromol disulfide bonds per gram polymer. The total work of adhesion of the
conjugate was determined to be 9.9-fold increased compared to unmodified chitosan. Results from the
rotating cylinder method showed more than 55-fold increase in the adhesion time of the thiolated
chitosan. In addition, the conjugate displayed a 5-fold higher permeation enhancing effect compared with
unmodified chitosan. Because of the improved mucoadhesive and cohesive properties, and the strong
permeation enhancing effect of the chitosan-GSH conjugate/ GSH system, the novel thiolated chitosan

seems to represent a promising tool for various drug delivery systems.
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21. Krum Kafedjiiski (22- 26 July 2006). Synthesis and in vitro evaluation of hyaluronic acid-cysteine
conjugate. 33 rd Annual Meeting and Exposition of the Controlled Release Society, Vienna, Austria

Hyaluronic acid (HA) has been investigated as a drug delivery agent for various routes of administration
including ophthalmic, nasal, pulmonary, parenteral and topical. It was the aim of this study to synthesize
and characterize a novel hyaluronic acid-cysteine (HA-Cys) conjugate providing improved mucoadhesive
properties and a significantly lowered biodegradation rate. Another purpose of that thiol modification was
to combine the mucoadhesive potential of hyaluronic acid with the new thiomer technology for the

improvement of mucoadhesion.

22. Krum Kafedjiiski (15 March 2004). Synthesis and in vitro evaluation of a novel thiolated chitosan.
APV International Meeting on Pharmaceutics, Biopharmaceutics and Pharmaceutical Technology,
Nuremberg, Germany

Different chitosan derivatives have been developed based on the known concept of the immobilization of
thiol groups to the primary amino groups of chitosan. In such a way chitosan-cysteine conjugates,
chitosan-thioglycolic acid conjugates and chitosan-4-thio-butyl-amidine conjugates have been obtained.
The aim of this study was to evaluate the imidoester reaction of isopropyl-S-acetylthioacetimidate for the
chemical modification of chitosan and to study the properties of the resulting chitosan-thioethylamidine
(TEA) derivative. It was achieved by the modification of chitosan with the new reagent: isopropyl-S-
acetylthioacetimidate (i-PATAIL.HC1). Apart from the chemical modification, it was the purpose of this
study to evaluate the mucoadhesive properties and swelling behavior of the new thiolated chitosan and to
prove whether a controlled release can be provided out of such polymer conjugates when used as drug

carrier matrix.

23. Hoyer H, Schlocker W, Kafedjiiski K, Bernkop-Schniirch A, Preparation and Evaluation of
Chitosan-Glutathione Microparticles via Air Jet Milling. INNANO, October 2006, Innsbruck,
Austria

The development and investigation of a mucoadhesive microparticulate delivery system based on

thiolated polymers via air jet milling was the purpose of this study.
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24. Wiwat Pichayakorn, Garnpimol C. Ritthidej, Brigitta Loretz, Ronny Martien, Thierry Schmitz,
Krum Kafedjiiski, and Andreas Bernkop - Schniirch. Oral Gene Delivery: Comparison of Different
Thiolated Chitosans as pDNA Carrier Matrix,33 rd Annual Meeting & Expositions of the Controlled
Release Society. Jul 22 - 26, 2006. Vienna, Austria. CD - Rom. 2 pages (Poster #619 by W.
Pichayakorn)

Different thiolated chitosans-pDNA nanoparticles were prepared by complex coacervation. The polymer-
pDNA ratios directly influencing the encapsulation efficiency were observed by zeta potential and gel
electrophoresis. Polymer types and ratios to pDNA affected the transfection rates, which were higher than

pDNA solution used as control, due to higher stability and low cytotoxicity.

25. Krum Kafedjiiski (05 June 2005). Thiomers: Novel Promising Excipients for Oral Delivery of
hydrophilic macromolecular Drugs. 4th Congress of Pharmacy, Sofia, Bulgaria

Within recent years thiolated polymers— designated thiomers— appeared as promising new tool in oral
drug delivery. Thiomers are generated by the immobilisation of thiol bearing ligands to mucoadhesive
polymeric excipients. By the formation of disulfide bonds with mucus glycoproteins, the mucoadhesive
properties of thiolated polymers are up to 130-fold improved. Due to the formation of inter- and
intramolecular disulfide bonds within the thiomer itself, matrix tablets or particulate delivery systems
exhibit strong cohesive properties, resulting in comparatively higher stability, prolonged disintegration
time and a more controlled drug release of the incorporated drug. The permeation of hydrophilic
macromolecular drugs through gastrointestinal mucosa can be improved by the use of thiomers. In
addition, some thiomers display improved inhibitory properties towards gastrointestinal peptidases. The
efficacy of thiomers in oral drug delivery could be demonstrated by various in vivo studies. A
pharmacological efficacy of 1% was achieved in rats by oral administration of calcitonin tablets
comprising a thiomer. Tablets comprising a thiomer and pegylated insulin resulted in a pharmacological
efficacy of 7% after oral application to diabetic mice. Furthermore, low molecular weight heparin
incorporated in thiolated polycarbophil led to an absolute bioavailability of at least 20% after oral
administration to rats. In these studies, formulations consisting of the corresponding unmodified polymer
had only a marginal or no effect. According to these results, drug carrier systems based on thiomers

appear to be a promising novel tool for oral delivery of hydrophilic macromolecular drugs.

26. Krum Kafedjiiski (03-07 November 2000): Technological and biopharmaceutical studies on
Loratadine antihistamine drug substance, Abstract book. p. 27.
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Loratadine is a long-acting tricyclic antihistamine with selective peripheral histamine H1- receptor
antagonistic activity. The pronounced hydrophobic character of Loratadine drug substance requires
compulsory, preliminary technological and biopharmaceutical studies with the purpose of creating of a
drug form with an optimal therapeutic effect. Essential physical-chemical technological and in vitro
biopharmaceutical properties of Loratadine were determined such as solubility in different solvents, pKa-
value, distribution coefficient in octanol-water and hexan-water system, diffusion through artificial gastric
and intestinal mucosa, dissolution in 0,1n HCI and 0,1n NaOH at temperature 25C and 37C. High
sensitive physical-chemical methods were used such as Roentgen structural analysis, densitometrical
analysis, resorption pattern, etc. Interaction between Loratadine and basic types of excipients used in
tablet production as microcrystalline cellulose, lactose monohydrate, maize starch, mannitol, povidone

K25 and magnesium stearate was studied by the method of differential scanning calorimetry.

27. BG66379 (B1) — 2013-11-29; PHARMACEUTICAL COMPOUND CONTAINING L-ALPHA-
GLYCERYL-PHOSPHORYL-CHOLINE; KAFEDZHIYSKI KROUM [BG];DRAGANOV
GEORGI [BG];

(57) UsoOperenmero ce oTHacs 10  ¢apMaleBTHUYEH  CbCTaB, chAabpkam  L-anda-
runepwihocOPUIIXONINH, TPeTHAa3HAYeH 3a W3TOTBSHE Ha JIGKapCTBEHHM (opMH C HOOTpOIHA
TepaneBTHYHA aKTUBHOCT. DapMaleBTUIHUAT ChCTaB, 00CKT Ha N300pETEHUETO, ¢ CTabWIIeH, TIPUTEKaBa
JNOOpY pEOJIOTHMYHHM XapaKTePUCTUKKM M ce ToJdydaBa II0 ONPOCTEHA TEXHOJOTMYHA CXeMma Ha
npoun3BoACcTBO. ChCTaBbT € Mo (opMaTa Ha KarCyld, KOUTO ChABPXKAT aKTUBHOTO BemiecTBo L-anda-
runepuihocHOPHIXONIUH U TOMOIIHU BELISCTBA: CTa0MIM3aTOp, CHHTETHYHATa amopdHa (opMa Ha
MarHe3ueB allyMUHOMETACUIIMKAT U MarHe3ueB creapaT. ChCTaBbT MOXKE Ja BKIFOYBA JIOMBIHUTEIHO U
BEILIECTBA KATO alleTHII-1-KapHUTHUH XUIPOXIOPH, alia JTUIOoeHa KUCEeInHa, BUTaMKiH B6, BuTamuu B9 n

(I)OJII/IeBa KHUCCJIMHA UJIM TCXHU CMCCH.

28. BG66380 (B1) — 2013-11-29; POWDER MIXTURE FOR PERORAL SOLUTION CONTAINING
L-ALPHA-GLYCERYL-PHOSPHORYL-CHOLINE; = KAFEDZHIYSKI KROUM  [BGJ;
DRAGANOV GEORGI [BG];

(57) M3o6perenneTo ce oTHacs A0 IpaxooOpa3Ha CMeC 3a IEpOpajeH pas3TBOp, ChabpiKaiia L-anda-
rIUIepuipocHOPUITKONIMH, KOATO HaMHUpa MPWIOKEHHE BBHB (apMaleBTHYHATA MPOMHILICHOCT 3a
W3rOTBSIHE Ha JICKapCTBEHH (OpMH C HOOTPOIHA TepamleBTHYHA aKTUBHOCT. [IpaxooOpa3Hara cmec
CBhITIACHO M300PETEHUETO ChIbpXKa AaKTHUBHOTO BemecTBO L-anda-rimmnepundocopixonm 1
cTabunus3aTop, TpPEIACTaBIsBalN] CMeC OT CHHTeTHYHAa amopdHa QGopmMa Ha  MarHe3ueB

ATYMHUHOMCTACHUIIUKAT U P-MaHI/ITOJ'I, KaKTO U XJIb3ramuy BCIICCTBA, MNOACIAAUTECII U apOMaTH. CmMmecra
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Hoxymentn Ha Mmar.dapm.Kpym Credanos Kademxuiicku, n¢p 3a yuacrne B KOHKypc 3a joueHt no 03.02.01.
TEXHOJIOTHSI Ha JieKapcTBeHHTE (GopMH M Onodapmaiys KbM cekTop ,,ConuanHu U (apManeBTHYHU TPUXKUS HA
MenuumHCKHs KOJIeX, ChriiacHo 00siBa B JIbprkaBeH BecTHHK Op. 14 /20.02.2015.

MOJKE€ J]a BKJIFOYBA JOIIBJIHUTENHO M IPYTH aKTHBHU BEIIECTBA KAaTO aleTWiI-1-KapHUTHH XHIPOXIOPHU,
andanunoeHa KuceauHa, ButamMud B6, Buramun B12, donneBa kucenuHa i cMecu ot Tax. CMmecra 3a
MepopasicH pa3TBOP ChIIIACHO H300PETEHUETO MPUTEKABA JOOPU PEOIOTHYHY XapaKTePUCTUKH, CTaOMITHA
€ TIpU ChXpaHEHHUE, UMa J100pa pa3TBOPUMOCT BHB BOJa U JOOPU OPraHOJICTITUYHN CBOWCTBA, MOTyYaBa ce

10 OIPOCTCHA TCXHOJIOTHUYHA CXCMa Ha MPOU3BOACTBO U € IMPCAHA3HAYCHA 3a JO3UPAHC B CAILICTH.

29. 8358.000-EP (2012) ORAL DOSAGE SELF-EMULSIFYING COMPOSITIONS CONTAINING
COMPLEXES OF DERIVATIZED INSULIN PEPTIDES WITH ALKYL SULFATE
PERMEATION ENHANCERS; Krum Kafedzhiyski, Franklin Okumu, Ulrik Lytt Rahbek;

The submitted invention relates to self-nanoemulsifying compositions and nanoemulsion compositions
for the oral administration of derivatized insulin peptide comprising a hydrophobic ion-pair complex of
insulin derivative with an alkyl sulfate permeation enhancer. Compositions according to the invention
have improved oral bioavailability compared to conventional pharmaceutical compositions such as

solutions.

30. 8391.000-EP (2012) ORAL DOSAGE SELF-EMULSIFYING COMPOSITIONS CONTAINING
COMPLEXES OF DERIVATIZED INSULIN PEPTIDES WITH MEDIUM CHAIN FATTY
ACIDS PERMEATION ENHANCERS; Krum Kafedzhiyski, Franklin Okumu, Ulrik Lytt Rahbek.

The submitted invention relates to self-nanoemulsifying compositions and nanoemulsion compositions
for the oral administration of derivatized insulin peptide comprising a hydrophobic ion-pair complex of
insulin derivative with medium chain fatty acids permeation enhancer. Compositions according to the
invention have improved oral bioavailability compared to conventional pharmaceutical compositions such

as solutions.
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