Pe3romMeTa Ha peneH3UPAHUTE MYOJIMKALMHA
Ha 0BJTapCKHU U HA AHTJIMHCKHU
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Abstract
The use of proteins as a substrate in the fabrication of micro- and nanoparticulate systems has attracted
the interest of scientists, manufactures, and consumers. Albumin-derived particles were
commercialized as contrast agents or anticancer therapeutics. Food proteins are widely used in
formulated dietary products. The potential benefits of proteinaceous micro- and nanoparticles in a
wide range of biomedical applications are indisputable. Protein-based particles are highly
biocompatible and biodegradable structures that can impart bioadhesive properties or mediate particle
uptake by specific interactions with the target cells. Currently, protein microparticles are engineered
as vehicles for covalent attachment and/or encapsulation of bioactive compounds, contrast agents for
magnetic resonance imaging, thermometric and oximetric imaging, sonography and optical coherence
tomography, etc.
Ultrasound irradiation is a versatile technique which is widely used in many and different fields as
biology, biochemistry, dentistry, geography, geology, medicine, etc. It is generally recognized as an
environmentaly friendly, cost-effective method which is easy to be scaled up. Currently, it is mainly
applied for homogenization, drilling, cleaning, etc. in industry, as well for noninvasive scanning of
the human body, treatment of muscle strains, dissolution of blood clots, and cancer therapy.
Proteinaceous micro- and nanocapsules could be easily produced in a one-step process by applying
ultrasound to an aqueous protein solution.
The origin of this process is in the chemical changes, for example, sulfhydryl groups oxidation, that
takes place as a result of acoustically generated cavitation. Partial denaturation of the protein most
probably occurs which makes the hydrophobic interactions dominant and also responsible for the
formation of stable capsules.
This chapter aims to present the current state-of-the-art in the field of sonochemically produced
protein micro- and nanocapsules, paying special attention to the proposed mechanisms for their
formation, the factors that influence the capsules characteristics as well to the current applications of
these particles. Current challenges in the field are also outlined as, for example, the ultrasound—
protein interaction and other possible aspects of the mechanism of their formation.

Pe3ztome

M3non3BaHeTo Ha MPOTEUHH 3a NIOJyYaBaHE HA MUKPO- M HAHOYACTHULIM NIPUBJIMYA HHTEpECa
Ha Y4YeHH, IPOU3BOJUTENN U OTpeduTenu. YacTUIM, TOTyUYeHHU OT alTOYMUH, ca KOMEpCHaIU3upaHu
KAaTo KOHTPAaCTHM areHTH U NPOTHUBOPAKOBU TEPANEBTULM. XPAHUTEIHU NMPOTEHHU CE M3IOJ3BAT
HIMPOKO B TMETUYHU NMPONYKTHU. [IpoTenHOBUTE MUKPO- M HAHOYACTUIM UMAT TOJISIM MOTEHLIMANT 32
IIMPOK CHEKTbp OMOMEIUIIMHCKM TNpWIOKeHus. basupaHnutre Ha MPOTEMHM YacTULM ca
OMOCHBMECTUMH U OMOpa3rpa M U MOrat Ja NpuaaaaT Onoaaxe3uBHU CBOMCTBA UITU J1a TO3BOJIST
YCBOSIBAHETO HA YACTHIIMTE Upe3 CrIeHU(PHUHU B3aUMOACHCTBHS ¢ 1efieBUuTe KieTku. [lonacTosmem,
MIPOTEMHOBUTE MHUKPOYACTUIIM ca Pa3pabOTBaHM KAaTO HOCHUTEIM 3a KOBAJIEHTHO CBBbpP3BaHE W/WIH
KalcyJupaHe Ha OMOAKTHBHU CHEAMHEHHs, KOHTPACTHM areHTH 3a SAPEHO-MAarHUTEH PEe30HaHC,
TEPMOMETPUYHO M OKCUMETPUYHO U300pa3siBaHe, COHOrpadusi U ONTUYHA KOXEPEHTHA ToMorpadus
u Jap.



VITpa3ByKOBOTO JbUEHHE CE€ H3MOJI3BAa LIMPOKO B MHOTO M Pa3IU4HU 00JacTH KaTo
Ouosiorusi, OMOXMUMHUS, CTOMATOJIOTHS, Teorpadusi, reoJa0rus, MeIuHa U T.H. OOIIONpHU3HAT € KaTo
€KOJIOTUYEH, PEHTAOMJIEH METOJ, YMETO IPUIIOKEHHE BCce INoBeue ce paslupsiBa. B MomeHTa ce
npujara TJaBHO 3a XOMOTE€HU3MpaHe, MpoOuBaHe, MOYNCTBAHE U T.H. B MHIYCTPHTA, KaKTO U 3a
HEMHBA3MBHO CKaHUPAaHE HA YOBEUIKOTO TSUIO, JICYEHHE HAa MYCKYJIHHM Pa3TEXKCHHs, pa3TBapsHE Ha
KPBBHM ChCHPELIU U TEPANMS Ha PAK.

IIpoTernHOBM MUKPO- M HAHOKAIICYJIM MOTaT JIECHO Jja ObJaT OJIYYEeHU B €JHOCTAIIEH IIPOLEC
ype3 NpUJIaraHe Ha yJITpa3ByK KbM BOJICH PAa3TBOP Ha MPOTEHH. B oCHOBaTa Ha TO3U MPOLEC CTOAT
XUMUYHM IPOMEHHU, KaTO OKHUCJIECHUETO Ha CYI(QXUIPUIHUTE TPYIH, KOETO cTaBa B pe3yiTaT Ha
aKyCTUYHO I'eHepupaHa KaBuTauus. [Ipu ToBa craBa yacTU4HA IeHATypanus Ha IPOTEUHA, IIPA KOETO
XUJIpo(oOHUTE B3aUMOJICHCTBUSA CTABAT JOMUHMPALIY U CTAOMIM3UPAT MOJYyYEHUTE KAICYIIH.

Ta3u ri1aBa uMa 3a 11eJ1 1a IPEACTaBu U3I10JI3BAHETO HA COHOXMMUYHUSA METO/] 32 I10JIy4aBaHe
Ha IPOTEMHOBH MHUKpPO- M HAHOKAICYJIH, KaTo ce oOpblia CEeUaHO BHUMAHUE Ha IPEJIOKEHUTE
MEXaHU3MH 3a TSAXHOTO OOpasyBaHe, (PaKTOPUTE, KOMTO BIMAAT BHPXY CBOMCTBAaTa Ha KarcyJuTe,
KAaKTO U Ha IPWIOKEHUATA Ha Te31 YacTul. ONucaHy ca ChII0 TaKka, B3aUMOJIECHCTBUETO YITPA3BYK-
IIPOTEUH U JIPYT'H Bb3MOYKHU acleKTH Ha MEXaHHW3Ma Ha TAXHOTO 00pa3zyBaHe.

2. P. S. Shestakova, R. Willem, E. Vassileva
”Elucidation of the chemical and morphological structure of Double Network Hydrogels by
HRMAS-NMR”
Chemistry — A European Journal 17(52), 14867-77 (2011).

Abstract

!H HRMAS NMR spectroscopy is applied to gain insight into the chemical and morphological
structure of double-network (DN) hydrogels, prepared from poly(2-acrylamido-2-methyl-1-
propanesulfonic acid) (PAMPS) and poly(acrylamide) (PAAm). The method enables one to obtain
detailed information at the molecular level about the formation of covalent bonds between the two
polymer networks through non-reacted double bonds of the cross-linker N,N’-methylene
bis(acrylamide) (MBAA). Evidence to the existence of strong hydrogen-bond interactions based on
the N_ H group of the PAMPS as a hydrogenbond donor and the C=0 group of the PAAm as a
hydrogen-bond acceptor is also provided. These findings clarify the origin of the toughening
mechanism and the exceptionally strong mechanical properties of DN gels, further supported by
microhardness data.

Pesiome

'H HRMAS NMR cnekrpockonusi 6 M3MON3BaHA, 3a Ja Ce M3CNeNBa XUMHYHATA CTPYKTypa H
MOpQoJIOTHATa HAa XUIPOTEJIOBE HA JABOWHHU MOJIMMEPHU MPEXKH, MOTYUYESHU OT MOJIH(2-aKpHIIaMH 10~
2-metun-1-nponancyndonoa kucenuna) (PAMPS) u nommakpunamun (PAAm). Meroast
MO3BOJISIBA Jla C€ TMOJy4Yd MOApoOHa MHQOpMAIMSg Ha MOJICKYJSIPHO HHBO 3a OOpa3yBaHETO Ha
KOBQJIEHTHH BPB3KM MEXKIY ABETE IMOJUMEPHU MpPEXKH UYpe3 Hepearupaid JABOMHU BpPB3KU HaA
ompexBamus N,N’-metmiien ouc(akpunamun) (MBAA). TlpenoctaBenu ca ChIo JOKa3aTeNICcTBA 3a
CBHILIECTBYBAaHETO HA CHIIHU B3aMMOJICHCTBUS Ha BOJAOPOIHM BPB3KU Ha Oa3ata Ha N_H rpymnara Ha
PAMPS kato nonop Ha BogopoaHa Bpb3ka u C=0 rpymnara Ha PAAm kato akientop Ha BOJOPOIHA
Bpb3Ka. Te3u OTKpUTUS U3SCHSABAT MPOM3XOJla HA MEXaHW3Ma 3a 3aKalsiBaHE M M3KIIOUUTEITHO
CUJTHUTE MEXaHW4YHU cBoicTBa Ha DN remoBeTe, MOMBIHUTETHO TMOAKPENEHU OT JIaHHU 32
MHUKPOTBBPIOCT.

3. M. Simeonov, B. Kostova, E.Vassileva



LInterpenetrating Polymer Networks of Poly(Acrylic Acid) and Polyacrylamide for Sustained
Verapamil Hydrochloride Release®
Macromol. Symp. 2015, 358: 225-231

Summary

Interpenetrating polymer networks (IPNs) of poly(acrylic acid) (PAA) and polyacrylamide (PAAmM)
were synthesized and applied as drug delivery systems for verapamil hydrochloride (VPM). The IPN
network density was controlled by changing IPN composition. Thus, when increasing the PAAm to
PAA weight ratio, the network density increases as revealed by the equilibrium swelling ratio and
microhardness measurements. The SEM study of the IPNs” morphology showed phase separation at
nano level where PAAmM domains with size below 100 nm are finely dispersed into the PAA matrix.
The thermal study on the IPNs confirmed that both components are finely mixed as one Tg was
detected for all IPNs’ compositions. Tg vs. composition dependence obeyed the Gordon—Taylor
equation and deviated negatively from the Fox equation thus confirming weak interactions between
PAA and PAAm. The VPM loading into PAA/PAAmM IPNs resulted into amorphization of the drug
aswell as in a IPNs’ Tg increase as revealed by differential scanning calorimetry (DSC). The in vitro
release of VPM shows that the IPNs of PAA/PAAmM are suitable systems for sustained drug delivery.
It was established that by changing IPNs’ composition it is possible to obtain different drug release
Kinetic profiles.

Pestome

B3aumonponukBamu nonuMepHu mpexu (IPN) or nonu(axpunoBa kucenuna) (PAA) u
nonuakpuiamMuy, (PAAm) 6sixa CUHTE3MpaHHW M HU3IOJ3BAaHM KAaTO CHUCTEMM 3a JIOCTaBsHE Ha
Bepanamui xuapoxiopua (VPM). I'ecrorata Ha IPN mpexara ce KoHTposiMpa 4pe3 IpoMsiHa Ha
ceetaBa Ha IPN. Ilo To3u HauwH, C yBeJdM4YaBaHE Ha TErJIOBHOTO ChoTHOIIeHHEe PAAmM/PAA,
rbCTOTAaTa Ha MpeEXKara C€ yBEIu4aBa, KOETO C€ NOTBBP)KIAaBAa OT pE3yJITaTUTE, IOIYYEHU 3a
paBHOBeCHaTa CTENEeH Ha HaObOBaHe U MUKPOTBBPAOCTTA. M3cneaBanero Ha Mopdoorusta Ha IPNs
cbc SEM mokaszBa ¢a3oBo pas3nensHe Ha HaHO HUBO, KbaAeTo PAAmM nomeiinu ¢ pazmep noa 100 nm
ca ¢uno mucneprupanu B PAA wmatpunara. M3cnensanero Ha TepmMuuHuTe cBoiictBa Ha IPN
MOTBBPXK/IaBa ye JABaTa KOMIIOHEHTA ca (PMHO CMECEHH, Thil KaTo BCUUKH chcTaBu Ha IPN mokassar
enna Tg. 3aBucumoctra Ha Tg oT cheraBa Ha IPN ce monunHsBa Ha ypaBHeHueTo Ha ['opabH-Teilrbp
U [OKa3Ba OTPUIIATEITHO OTKJIOHEHUE OT ypaBHEHHETO Ha POKC, KOETO MOTBBPK/IaBa HATMUUETO Ha
cnabu B3aumoieicTBust Mmexxay PAA u PAAm. Hatosapeanero na VPM B PAA/PAAm IPN Boau no
amop¢u3upaHe Ha JIEKapCTBEHOTO BELIECTBO, KakTo M 10 mnosumaBaHe Ha Tg Ha IPN, cmnopen
pe3yaTatute oT JudepeHnmanHa ckanupaia kanopumerpus (DSC). In vitro ocBoOGoXk1aBaHeTO Ha
VPM nokasBa, ue IPN nHa PAA/PAAm ca nmoaxondiiy cucTeMH 3a YABIDKEHO OCBOOOXK/1aBaHE Ha
JIeKapcTBa. Y CTAaHOBEHO €, Ue 4pe3 NpoMsiHa Ha cbeTaBa Ha IPN e Bb3MOXKHO /1a ce onydar pa3jndHu
KMHETUYHH NPOQUIN Ha 0CBOOOK/1aBaHE HA JIEKAPCTBEHOTO BEIIECTBO.

4, M. Simeonov, A. A. Apostolov, E. Vassileva
“In Situ Calcium Phosphates Deposition in Hydrogels of Poly(Acrylic Acid) Polyacrylamide
Interpenetrating Polymer Networks”

RSC Advances 6, 16274-6284 (2016)

Abstract



Interpenetrating networks of poly(acrylic acid) and polyacrylamide were used for the first time as
templates for in situ calcium phosphate (CP) deposition in an attempt to mimic the naturally occurring
biomineralization. The process of CP deposition was controlled by two main factors: the functionality
and the overall crosslinking density of the IPNs' gels, both factors being varied via the IPNs'
composition. The approach allowed the control of CP deposition in terms of amount, type and
crystallite size. In this way the IPNs' potential as a template for controlled biomineralization was
demonstrated. The obtained new inorganic—organic composite materials were characterized and their
further potential in the fields of bone regeneration and substitution was revealed.

Pe3ziome

BzaumonponukBam mpexku (IPN) ot monm(akpriioBa KuCelWHA) M IMOJHAKpPHIAMHI Osxa
W3MOJI3BaHU 3a IIBPBH ITBT KATO MATPUIM 32 in situ oTiarane Ha kanues ¢pocdar (CP) B onut na ce
MMUTUpPA E€CTECTBEHO NpoTHyamata Oumomuuepanusauus. [Ipouecht Ha ornarane na CP ce
KOHTPOJIHMPA OT JABa OCHOBHH (paKTOpa: PYHKIIMOHATHOCTTA U I'bCTOTATa HA OMPEKBAHE HA TE€IIOBETE
Ha IPN, kaTo u aBaTa ¢aktopa ce mpoMeHsT upe3 cbeTaBa Ha IPN. IToaxoabT mo3BoIsiBa KOHTPOJ HA
otnaranero Ha CP 1o OoTHOIICHHWE Ha KOJUYECTBO, TUI U pa3Mep Ha Kpuctaututute uM. [lo To3n
HayMH Oelie JeMOHCTpHpaH MoTeHnuanbT Ha I[PN karo Marpumu 3a KOHTpOJUpaHa
onomMuHepanu3anus. [lonydeHnTe HOBH HEOPTaHMYHO-OPTaHUYHH KOMIIO3WTHH MaTepuaiu Osixa
OXapaKTepu3HpaHu U Oelle pa3KpUT TOJIEMHUAT UM MOTEHIMAN B 00J1aCTTa HA KOCTHATA PereHepalus
Y 3aMECTBaHeE.

5. M. Simeonov, B. Kostova, and E.Vassileva
»Interpenetrating polymer networks of poly(methacrylic acid) and polyacrylamide: synthesis,

characterization and potential application for sustained drug delivery*

RSC Adv., 2016, 6, 64239-64246

Abstract
Novel interpenetrating polymer networks (IPN) of poly(methacrylic acid) (PMAA) and
polyacrylamide (PAAm) were synthesized and characterized in terms of their swelling ability,
microhardness and morphology. The potential of these new polymeric materials as a sustained
delivery system for cationic drug was revealed. The study demonstrates that the IPN’s composition
is a powerful tool to control the IPN’s structure and properties and hence their performance as a new
polymeric system for sustained drug delivery.

Pestome

HoBu B3aumonponukBamu nonuMepHun mpexu (IPN) ot nomu(merakpuiioBa KHcelnMHA)
(PMAA) u nomuakpunamus (PAAm) 6gxa cUHTe3UpaHU U OXapaKTEPU3UPaHHU MO OTHOLIEHHE Ha
TAXHaTa CTeNEeMH Ha HaObOBaHEe, MUKPOTBBPAOCT U MOpdosorus. be mokaszan noreHmuana Ha Te31
HOBH TOJIMMEPHU MaTepHaIM KaTo CUCTEMa 32 yIBJIKEHO 0CBOOOXKJaBaHEe Ha KATHOHHO JIEKapCTBO.
pe3yJITaTUTE MoKa3BaT, 4e chcTaBa Ha IPN e MoleH HHCTPYMEHT 3a KOHTPOJIMpPaHe Ha CTPYKTypara
u cBoiicTBara Ha IPN a oTTaMm 1 Ha TEXHUTE CBOMCTBA KaTO HOBA MOJIMMEPHA CHCTEMA 32 YABJIHKEHO
JOCTaBsSHE Ha JIEKApCTBa.

6. Marin Simeonov, Antonia Monova, Bistra Kostova, Elena Vassileva

“Drug transport in stimuli responsive acrylic and methacrylic interpenetrating polymer

networks”



J. Appl. Polym. Sci. 2017, 134, 45380

ABSTRACT

The interpenetrating polymer networks (IPNs) are recently gaining attention as sustained drug
delivery systems because they could ensure a proper combination of functionality and network
density to control the drug release profiles. This study aims to reveal how the functionality of two
IPNs based on polyacrylamide and respectively poly(acrylic acid) (PAA) and poly(methacrylic acid)
(PMAA) influences their smart behavior as well as their properties as delivery systems of the cationic
drug verapamil hydrochloride (VPM). The “extra” a-methyl group of PMAA results into a loss of the
temperature sensitivity in the studied region and changes the pH responsivity of the PMAA/PAAM
IPNs as compared to the PAA/PAAM IPNs. Moreover, the VPM diffusion in both IPNs depends on
their composition due to the change in their functionality as well as of their network density. The
“extra” a-methyl group of PMAA defines its enhanced hydrophobicity and hence influences the VPM
diffusion mechanism.

PE3IOME

B3aumuonponukBamure noaumepHu mpexu (IPN) Hamocnenbk npuBiIM4aT BHUMAHUETO
KAaTO CUCTEMHU 3a yIBJDKEHO JOCTaBSHE HA JIEKapCTBa, ThH KaTO T€ MOraT Ja OCUTYpAT MOAXOZAIIa
KOMOMHAIMs OT ()YHKIIMOHAJTHOCT M T'hCTOTAa Ha Mpekara C IeJie KOHTPOJ Ha mpoduinre Ha
0CcBOOOXK]aBaHE Ha JIGKAPCTBHUTE BellecTBAa. ToBa M3CleBaHE MMa 3a LEd Ja pPa3Kpue Kak
¢dbyHkuronanHocTTa Ha 1Be IPN Ha monmakpuiaMua, ¥ CbOTBETHO MONH(akpriioBa kucenuHa) (PAA)
u nonu(merakpuioBa kucenuHa) (PMAA), Biusie BbpXy MHTEIUI€HTHOTO UM IOBE/IEHUE, KaKTO U
BbpPXy CBOMCTBaTa KM KaTo CHUCTEMHM 3a JOCTaBIHE Ha KaTHOHHOTO JIEKapCTBO BeparaMmui
xuapoxiopun (VPM). , JlonsnaurenHara™ o-metusoBa rpynma Ha PMAA Bomu 1o 3aryba Ha
TeMIIepaTypHa 4yBCTBUTEIHOCT B M3Ce[BaHaTa 00JacT U MPOMEHS YyBCTBUTEIHOCTTa KbM pH Ha
PMAA/PAAM IPNs B cpaBHeHue ¢ Tasu Ha PAA/PAAM IPNs. OcBen ToBa, audysusara Ha
nexapctBeHoTo BeniecTBo VPM B aBete IPN 3aBucH 0T TeXHUS ChCTaB IOPa Iy IPOMSIHATA B TAXHATA
(YHKIIMOHATHOCT, KaKTO ¥ B I'bCTOTAaTa Ha TSAXHATa Mpexa. ,,ExcTpa® a-merun rpynara Ha PMAA

ofpeziesisi HeroBaTa MoBHILIEHa XUAPOPOOHOCT U Taka MOBIUSABA BbPXY MEXaHHW3Ma Ha JUQy3us Ha
VPM.

7. Ivan Lesov, Zhulieta Valkova, Elena Vassileva, George S. Georgiev, Konstans Ruseva, Marin
Simeonov, Slavka Tcholakova, Nikolai D. Denkov, and Stoyan K. Smoukov
“Bottom-Up Synthesis of Polymeric Micro- and Nanoparticles with Regular Anisotropic
Shapes”
Macromolecules 2018 51 (19), 7456-7462 DOI: 10.1021/acs.macromol.8b00529

ABSTRACT
Shape-anisotropic polymeric micro- and nanoparticles are of significant interest for the development
of novel composite materials, lock-and-key assemblies, and drug carriers. Currently, syntheses
require external confinement in microfluidic devices or lithographic techniques associated with
significant infrastructure and low productivity, so new methods are necessary to scale-up such
production efficiently. Here we report bottom-up polymerization of regular shape-anisotropic
particles (polygonal platelets with different numbers of edges, with and without protruding asperities,
and fibrilar particles with controllable aspect ratios), with size control over 4 orders of magnitude



(~50 nm—1 mm). Polymerization also enables the study of much smaller shapes than could previously
be studied in water suspensions, and we study the fundamental limits of the self-shaping transition
process driving these transformations for monomer oil droplets of stearyl methacrylate (SMA)
monomer oil. We show the method is compatible with a variety of polymerizing monomers and
functional modifications of the particles (e.g., composites with magnetic nanoparticles, oil-soluble
additives, etc.). We also describe postsynthetic surface modifications that lead to hierarchical
superstructures. The synthesis procedure has great potential in efficient nanomanufacturing as it can
achieve scalable production of the above shapes in a wide range of sizes, with minimum infrastructure
and process requirements and little maintenance of the equipment.

PE3IOME

AHU30TPONTHU 10 (popMa MOTMMEPHU MHUKPO- U HAHOYACTHUIM MPEACTABISIBAT 3HAUYUTEICH
MHTEpEC 3a pa3BUTUETO HA HOBU KOMIIO3UTHU MaTepUalli, aCOLMATH KIH0Y-KIF0YaIka i HOCUTEIN Ha
nekapcTBa. lloHacTosimieM CHHTE3WTE HA TaKMBa YaCTHIIM WM3MCKBAT BBHIIHO OTPAaHWYAaBaHE B
MUKPOQIYUAHU YCTPOMCTBA WM  JUTOrpaCKM TEXHMKHM, CBBP3aHU CbC 3HAYUTEIHA
UHOQPACTPYKTypa M HHUCKAa IPOU3BOAMUTENHOCT, Taka 4Ye ca HEoOXOAMMU HOBU METOAM 3a
e(EeKTUBHOTO pa3IIMpsiBaHE HAa TAaKOBa MPOU3BOACTBO. Hue mokiansame moiauMepusanus ,,0TI0TY
Harope* Ha 4YacTHLM C NpaBWiHA (opMa B aHM30TPONHM YACTULM (MHOTOBI'BJIHM IUIACTHHKU C
pasnuyen Opoil ppOOBe, ChC U 0€3 M3MBKHAIOCT U (PUOPMITHM YaCTULM C KOHTPOJIUPYEMH OCEBO
OTHOIIIEHHKE), C pa3Mep B AuamnazoH oT Haj 4 mopsyrbka (oT ~50 nm mo 1 mm). [Tonmumepuzanusta
CBILIO [TO3BOJISIBA U3CIEABAHETO HA MHOIO TIO-MAJIKHU 10 pa3Mep (POpMHU, OTKOJIKOTO ca U3CJIEIBaHU
Jocera BbB BOJHM CYCHEH3UM, KaTO HHUE H3ydyaBaMe€ OCHOBHUTE TIpaHHUIM Ha Ipexoja Ha
camMoo(opMsiHe, YIIpaBisiBalll T€3U TpaHC(HOpMaLUK 32 MOHOMEPHHM MAacCJI€HM KalluyuIy Ha CTeapui
metakpuwiat (SMA). Hue nokasBame, 4e METOIBT € ChbBMECTHM C Pa3iMYHU HOJIMMEpHU3HpAILU
MOHOMEpPH Y (YHKIMOHATHM MOAM(PHUKANINM Ha YaCTULUTE (HAMp. KOMIIO3UTH C MAarHUTHU
HAHOYACTHUIM, MacjIopa3TBOPUMU a00aBku U 1p.). Hue cbuio Taka omucBame MOCTCUHTETUYHU
MOBBPXHOCTHU MOJIU(UKAIIMHM KOUTO BOISAT J0 WepapXu4yHU HaaCTpouku. [Iponemaypara Ha cuHTe3
uMa TOJIIM TNOTEHUHUal B €(pEeKTHMBHOTO HAHOIPOU3BOJCTBO, JOKOJIKOTO MOXE Ja C€ IMOCTUTaHe
MamadbupyeMo MPOU3BOJCTBO HA TOPHUTE (OPMH B IIMPOK TUAMA30H OT pa3Mepu, C MHHUMAaTHU
M3HUCKBaHUS 3a MH(pACTPyKTypa U MPOIECH U MaJIKa MOAJIPhKKA Ha 000pYyIBAHETO.

8. Konstans Ruseva, Kristina Ivanova, Katerina Todorova, Margarita Gabrashanska, Dolores
Hinojosa-Caballero, Tzanko Tzanov, Elena Vassileva
“Poly(sulfobetaine methacrylate)/poly(ethylene glycol) hydrogels for chronic wounds
management”

European Polymer Journal, 117, 391-401 (2019)

ABSTRACT
Polyzwitterions (PZI) recently emerged as biomaterials with excellent bio- and haemo-compatibility,
demonstrating lower protein adsorption on their surfaces even compared to the golden standard in the
field — poly(ethylene glycol) (PEG). Although PZI combine many beneficial for chronic wound
treatment properties as nonfouling ability and high capacity to absorb wound exudate, their potential
for such demanding application is still unrevealed. In this work, polysulfobetaine (PSB) networks
were synthesized using PEG-based crosslinking agent, thus combining in one material two polymers
with inherent antifouling properties. The obtained PSB hydrogels demonstrate linear temperature
dependence of their swelling capacity in water between 20 and 70 °C. Moreover, they all exhibit
strong antipolyelelctrolyte behavior, increasing their swelling ratio between 10 and 22 times

6



depending on their crosslinking degree as the NaCl concentration increased. The study also
demonstrates the PSB high ability to bind water - ~40% bound water was determined for almost all
PSB hydrogels, which is considered as the main reason for their ultra-low non-specific protein
binding ability. Moreover, PZI networks effectively absorb and retain the major enzymes causing
chronicity of the wounds as 30—40% myeloperoxidase (MPQO) was loaded into the PSB hydrogels
depending on their crosslinking degree. At the same time, PZI hydrogels do not inhibit neither MPO
nor the collagenase activity, thus ensuring a decrease in their excessive amount in the chronic wounds
but at the same not hampering the enzyme activity necessary for the proper wound healing. All PSB
hydrogels demonstrated antibiofilm activity against S. aureus, a common bacterial representative in
chronic wounds. The non-cytotoxicity and biocompatibility of the hydrogels were proved in vitro and
in vivo. Thus, the study demonstrated the PSB hydrogels’ advantages as dressing materials for
chronic wound healing, namely: (i) high ability to absorb wound exudate; (ii) high ability to bind
water; (iii) good control on the enzymes concentration in the chronic wounds through absorption (iv)
without inhibiting their activity; (v) antibiofilm activity against common for the chronic wounds
bacteria; (vi) non-cytotoxicity and (vii) in vivo proved very good tolerance by the surrounding
tissues.

ABCTPAKT

[Tonuuurepitonute (PZI) Hackopo ce mosBuxa KaTo OMOMaTepuaad € OTIMYHA OUO- U XEMO-
CbBMECTHMOCT, JIEMOHCTPUPANKH MO-HUCKA aJIcOPOLUs HA IPOTEHHU BbPXY TEXHUTE OBBPXHOCTU
JIOpU B CpaBHEHHE ChC 3JIATHUS CTaHJApT B obsactTa — noiu(erwied riukon) (PEG). Bonpeku ue
PZI cbueraBaT MHOrO MOJIE3HM 3a JICUEHHE HAa XPOHUYHU PAHU CBOMCTBA KaTO CIIOCOOHOCT Ja HE
3aMBpCSABAT U BHCOK KamamuTeT 3a abcopOrpaHe Ha eKCyIaT OT Te3W PaHU, TEXHUSAT MOTEHIHAT 32
TaKOBa B3MCKATEJIHO IPUIIOKEHHUE € BCe Olle Hepa3KkpuT. B tazu pabota, nonucyndodbernnosu (PSB)
MpEeXH 0siXxa CHHTE3MpaHHU C IIOMOIITa Ha oMpexBane ¢ PEG, kaTo mo To3u Ha4MH ce KOMOMHUPAT B
€/IMH MaTepHal JBa IMOoJIMMepa ¢ MPUCHIIM Heaaxe3uBHU cBoiicTBa. [lonyuyenute PSB xunporenose
JIEMOHCTpUpAT JIMHEITHA TeMIIEpaTypHa 3aBUCUMOCT Ha TEXHUS KamnaluTeT 3a Ha0bOBaHE BBB BOJa
Mexay 20 u 70 °C. Hewmo noBeue, BCHUKH T€ NPOSABABAT M3PA3€HO AHTHUIIOIMEIEIEKTPOIUTHO
MOBEJIEHNE, YBEeIMYaBaku KoepuIlMeHTa Cu Ha HaObOBaHe Mexay 10 u 22 mbTHU B 3aBUCUMOCT OT
TSIXHAaTa CTETEeH Ha OMpeXBaHe, IPH HapacTBaHe Ha KoHLeHTpanusaTa Ha NaCl. M3cnensanero, cbiio
Taka, JIEeMOHCTpUpa BUcOKaTa crocoOHocT Ha PSB na cBbp3Ba Boma - ~40% cBbp3aHa Boja €
olpezesieHa 3a oyTH Bcuuku PSB xuaporenose, KOeTo ce cunTa 3a OCHOBHATa PUYMHA 32 TAXHATA
yJITpa-HUCKa CIIOCOOHOCT 3a Hecneuu@uuHo cBbp3BaHe ¢ nporenHu. OcBeH ToBa PZI| mpexurte
epekTUBHO abcopOupar u 3albp>KaT OCHOBHUTE €H3UMHU, IPUUMHABAIIN XPOHU (PUIIMpaHEe HA paHUTE
karo okojo 30-40% muenonepokcunaza (MPO) ce HaroBapBa B PSB xuaporenoBere B 3aBUCUMOCT
OT TAIXHaTa cTerneH Ha ompexBane. [1o ceioTto Bpeme, PZI xuaporenosere He nuxubupat Huro MPO,
HUTO KOJIar€Ha3HaTa AaKTHUBHOCT, KaToO IO TO3W HAa4yMH OCUTYpSBAaT HaMaJsgBaHE Ha TsIXHAaTa
IIPEKOMEpPHA KOJMYECTBO B XPOHUYHUTE PaHU, HO B CHIOTO BPEME HE BB3NPENATCTBAT CH3UMHATA
aKTUBHOCT, HE0OXoJMMa 3a MpaBWJIHOTO 3a3JpaBsiBaHe Ha paHu. Beumuku PSB xupporenose
J€MOHCTpPHpAT aHTUOMO(QUIM aKTHBHOCT cpelly S. aureus, o0y 6akTepHajeH MpeacTaBUTeN MpU
XpOHUYHU paHHu. HenutoTrokcuyHOCTTa M OMOCHBMECTUMOCTTA Ha XUJPOTeNOBETE ca JIOKa3aHU in
Vitro u in vivo. [1o To31 HaYKH, U3CIEIBAHETO JEMOHCTpUpa npenqumcTBara Ha PSB xuaporenosere
KaTo MPEeBbP30YHHU MaTepUaIU 32 XPOHUYHU PaHH, a UMEHHO: (1) BUCOKa CIIOCOOHOCT 3a abcopOupane
Ha eKCyJaT oT paHH; (il) BUCOKa CIOCOOHOCT 3a CBbp3BaHE Ha BoJA; (iil) JOOBP KOHTPOI BBPXY
KOHIEHTpallMs Ha €H3UMHU B XpOHUYHUTE paHU upe3 abcopOuus (iv) 6e3 mHXUOUpaHe Ha TAXHATa
aKTUBHOCT; (V) aHTUOMO(PHIM aKTUBHOCT cpelly oOMYaifHUTE 32 XpPOHUYHUTE paHU OakTepuu; (Vi)
HEUTOTOKCUYHOCT M (Vil) In VIVO JOKa3aHa MHOTO J0OOpa MOHOCHMOCT OT OKOJTHUTE ThKaHH.



9. K. Ruseva, K. Ivanova, K. Todorova, I. Vladov, V. Nanev, T. Tzanov, D. Hinojosa-Caballero,
M. Argirova, E. Vassileva

“Antibiofilm poly(carboxybetaine methacrylate) hydrogels for chronic wounds dressings”

European Polymer Journal, 132, 109673, 2020; 10.1016/j.eurpolymj.2020.109673

ABSTRACT
The current study demonstrates the benefits of poly(carboxybetaine methacrylate) hydrogels in
chronic wound healing. These hydrogels demonstrate high absorbing capacity upon swelling in salt
solutions thus revealing great potential as dressings for highly exuding chronic wounds. Moreover,
upon swelling they expand, increasing their volume by 25%, which makes them patient friendly
ensuring also the proper wound healing. Poly(carboxybetaine methacrylate) hydrogels were also
shown to absorb collagenase and myeloperoxidase, two enzymes that are specific for chronic
wounds, reducing in this way their amount by 30-45% in the wound bed without entirely inhibiting
their activity, as the latter is necessary for the wound healing process. The hydrogels were also
shown to be non-cytotoxic as well as to prevent the biofilm formation of S. aureus. The in vivo
implantation in rats showed no immune response to moderate immune reaction for both studied
PCB hydrogels. Thus, the properties of the PCB networks revealed in the study demonstrate their
potential as chronic wounds dressing materials.

ABCTPAKT

HacrosimoTro w3cineaBaHe JEMOHCTpHpa NpeAMMCTBaTa Ha  noiu(kapOokcuOeranH
METaKpWJIaTHU) XUAPOTEIOBE KaTO MaTEpUalt 3a IPEBPB3KU 32 XpPOHUUHU paHu. Te3u xuaporeiaose
JIEMOHCTPHUpAT BUCOKa abcopOupalia cnocoOHOCT Npy HaObOBaHE B COJICBH PA3TBOPH, KAaTO IO TO3H
Ha4Y¥H pa3KpuBaT roJisiM IMOTCHUMAJ KaTO MPEBPB3KH 3a CUJIHO CKCyAUpPalld XpOHUYHHU PAHHU. OcBen
TOBa, NpU HaOBOBaHE Te ce pa3lIMpsBaT, yBeiauuyaBaT odema cu ¢ 25%, KoeTo ' paBu yA00HU 3a
ManueHTa, KaTro OCUTypsiBa M IPaBWIHOTO 3apacTBaHe Ha panute. [lonu(kapbokcuberann
METAaKpUJIATHUTE) XUIPOTeNIOBE ChINO Taka abcopOHMpaT KojareHa3a M MMEJIONEepOKCHaa3a, JiBa
€H31UMa KOUTO Ca CHGHI/I(l)I/I‘-IHI/I 3a XPOHUYHUTEC PaHU, KAaTO I10 TO3U HAYMH CC HAMAJIABa KOJIMYECTBOTO
uM ¢ 30-45% B panaTa 6e3 HabJIHO J1a c€ MHXUOMpA TAXHATA aKTUBHOCT, Thil KaTO MOCJIEHATA €
HEoOXoaMMa 3a Mpolleca Ha 3apacTBaHE Ha paHHW. XHUIPOTEIOBETE HE Ca IMUTOTOKCHYHH, KaKTO H
IpeJoTBpaTsABaT 00pazyBaHeTo Ha 6MopmiIM oT S. aureus. MIMIIaHTHpaHETO in Vivo B IIBXOBETE
Baprpa MEX/y JTUTICa HAa UMYHEH OTTOBOD JI0 yMEpEeHAa UMyHHA peaKkIlus u 3a ABata uscieasanu PCB
xunporena. Ilo to3m HaumH, cBoiictBata Ha PCB xuaporenoBere, pa3KpuTH B HM3CIEIBAHETO,
ACMOHCTpHPAT TEXHUSA TOTCHIHUAJI KATO MaTCpHAJIN 3a MPEBPH3KH 3a XPOHUYIHHU PAHU.

10. Iveta Yankova, Pavletta Shestakova, Rui L. Reis, Iva Pashkuleva, Elena Vassileva
“Gelatin micro- and nanocapsules obtained via sonochemical method”
J. Appl. Polym. Sci. 2020, e49584; https://doi.org/10.1002/app.49584

Abstract
Gelatin capsules (GCs) with mean size between 200 and 400 nm are prepared via sonochemical
method. Their size is low that the usual size for the sonochemically obtained protein capsules and
depends on the preparation conditions. The nanometer size of GCs is explained by the low-gelatin
concentration and by the denaturated state of gelatin. The influence of pH, sonication time, and
temperature on GCs size is investigated. An increase in temperature and sonication time results into
GCs size increase. The pH dependence of GCs size passes through a minimum at the isoelectric point



of gelatin. The broad size distribution detected by dynamic light scattering and scanning electron
microscopy is explained by the broad molecular weight distribution of gelatin. GCs are successfully
applied for encapsulation of two hydrophobic drugs, a-tocopherol and acetylsalicylic acid, in order
to demonstrate the versatility of the sonochemical method for drug encapsulation. In the case of a-
tocopherol drug entrapment efficiency as high as 95% is obtained.

Pezome

Kenatunosu kancynu (GC) cbe cpenen pazmep mexay 200 u 400 nm ca mosrydeHu 4pe3
COHOXMMHYEH MeToJI. PasmMepbT UM € o-Maabk OT 00MUailHUs pa3Mmep, NOKIaJABaH 3a IPOTEMHOBU
Karcynu, TOJYy4YeHH 4Ype3 COHOXMMHUYEH METOJ M 3aBHCH OT YCJOBHMSTa Ha IOJy4aBaHe.
Hanomerpuunusar pasmep Ha GCs ce 00sgcHsBa ¢ HHMCKAaTa KOHLEHTpAIMs Ha jKeJaTWHA M OT
JICHaTypUPAHOTO ChCTOSIHKME Ha XKenaTtuHa. M3cienBanu ca BiusiHueTo Ha pH, BpemeTo 3a Tpetupane
C YATpa3BYyK U TeMmueparypara Bbpxy pasmepa Ha GCs. [loBuiiaBane Ha TemiiepaTypara U BpEMETO
3a 00paboTKa Cc yITpa3ByK BOAM 10 yBenuuyaBaHe Ha pazmepa Ha GC. 3aBucHMOCTTa Ha pa3MepbT Ha
GCs or pH npemunHaBa mpe3 MUHHMYM B HM30€JCKTpUYHATA TOYKa Ha >xenaTuHa. LIupokoro
pasmpeneneHue o pa3Mep, OnpeeieHo Ype3 IMHAMUYHO pa3ceiiBaHe Ha CBETJIMHATA U CKaHHUpalla
€JIEKTPOHHA MUKPOCKOIIUATA Cc€ OOSICHSBA C LIMPOKOTO pa3Mpe/elieHne Ha MOJIEKYyJHaTa Maca Ha
xenatuHa. GC ca mpUIIOKEHU YCHENIHO 3a KalcylupaHe Ha JBe XuapodoOHH JiekapcTBa, o-
TOKO(EPOII U aleTUICATUINIIOBA KUCEINHA, 3a J1a C€ JEMOHCTPHUPA I'bBKABOCTTa HA COHOXUMUYHMUS
METOJl 3a KalcCyJlupaHe Ha JiekapcTBa. B ciydas Ha o-Tokodepon ce moiydaBa e€eKTUBHOCT Ha
HaTOBapBaHE Ha JIEKapcTBOTO /10 95%.

11. Denitsa Nikolova, Marin Simeonov, Christo Tzachev, Anton Apostolov, Lachezar Christov,
Elena Vassileva
“Polyelectrolyte Complexes of Chitosan and Sodium Alginate as Drug Delivery System for
Diclofenac Sodium”

Polymer International (2021) https://doi.org/10.1002/pi.6273 (IF 2.352, Q1)

Abstract

Polyelectrolyte complexes (PECs) have unique physicochemical properties which make them very
interesting for pharmaceutical applications and particularly as drug delivery systems. The aim of this
work was to obtain PECs based on the biocompatible and biodegradable biopolymers chitosan and
sodium alginate and to apply them as a drug delivery system for sustained release of diclofenac
sodium. Three complexes with different ratios between the two polyions were obtained. Their
structure and properties were investigated using dynamic light scattering, microscopy methods
(optical, scanning and transmission electron microscopy), infrared spectroscopy, X-ray diffraction.
The drug entrapment efficiency of the various PECs was assessed, and the release profiles were
monitored. In this way the relationship between the composition of the PECs and the drug release
profiles was outlined. The fibrillar form of the chitosan/alginate PECs was demonstrated to exert
specific control over the diclofenac release which makes these materials appropriate as vehicles for
controlled diclofenac sodium release.

Pe3ztome
[TonmuenextponutHute Komiviekeu (PEC) umar yHukanHu GU3MKOXUMHYHHU CBOMCTBA, KOUTO
I'M TPaBSIT MHOTO MHTEPECHHU 3a (hapMalleBTUYHU MPHJIOKEHUS U MO-CHEeIMATHO KaTO CUCTEMU 3a
JocTaBsiHe Ha JekapcrtBa. llenta Ha Tasu pabora € na ce mnomydar PEC nHa G6asata Ha
OMOCBHBMECTUMHTE U OHOpa3rpaguMi OMONOIMMEPH XUTO3aH U HATPUEB AIITMHAT U J]a Ce U3I0J3BaT


https://doi.org/10.1002/pi.6273

KaTO CHCTEMa 32 yIBJDKEHO 0CBOOOJKAaBaHe Ha AuKiIopeHak HaTpuid. [lomydeHu ca Tpu KoMIuiekca
C pa3NIMYHU CHOTHOIICHHUS MEX/Ty IBaTa MOIKoHA. TSXHAaTa CTPYKTYpa U CBOICTBATa ca U3CIICABAHU
C TNOMOIITa HAa JWHAMUYHO pa3ceiiBaHe Ha CBETIMHATA, MHUKPOCKOICKH METOIu (ONTHYHA,
CKaHWpalla ¥ TPAHCMUCHUOHHA EJEKTPOHHA MHUKPOCKONHHU), HH(ppayepBeHa CIEKTPOCKOIHS,
penTreHoBa audpakuus. beme oneHeHa edeKTHBHOCTTA Ha HATOBapBaHE Ha JIEKAPCTBOTO B
pasnuunute PEC u 6s1xa u3cnenBanu npoguiInTe Ha JeKapcTBeHO ocBoOokaaBaHe. [1o To3u HauuH
Oermre oueprana Bpb3KaTa Mex 1y cbeTaBa Ha PEC u npodumte Ha 0cBOOOKJaBaHe Ha JIEKapCTBOTO.
JlokasaHno e, ue ¢pubpunapHara ¢popma Ha xutozan/anruatr PECs ynpaxusiBa crienupudeH KOHTPOJI
BBPXY OCBOOOXKIaBaHETO Ha AWKIO(PEHAKa, KOETO INpaBH TEe3M MaTepHald MOAXOISIIM KaTo
HOCHUTENH 332 KOHTPOJIMPAHO 0CBOOOKAaBaHE Ha AUKIIO(EeHAK HATPHU.

12. Denitsa Nikolova, Konstans Ruseva, Christo Tzachev, Lachezar Christov, Elena Vassileva
“Novel poly(sulfobetaine methacrylate) based carriers as potential ocular drug delivery

systems for timolol maleate”

Polymer International (2022) https://doi.org/10.1002/pi.6368 (IF 2.990, Q2)

Abstract

Polyzwitterions are biocompatible and protein-adsorption-resistant polymers which makes them very
attractive for pharmaceutical applications, especially as drug and gene delivery systems. Two
different poly(sulfobetaine methacrylate) (PSB) based vehicles were synthesised in the present study
using reversible addition-fragmentation chain transfer polymerization, namely linear macromolecules
and a crosslinked network as microgels, in order to be tested as ocular drug delivery systems for
timolol maleate (TM). The differences in their structure were expected to result in different
physicochemical properties as well as in different performances as potential ocular drug delivery
systems. The PSB vehicles' structure and properties were investigated using dynamic light scattering,
zeta potential measurements and SEM. The drug entrapment efficiency of TM in both PSB carriers
was determined and the TM release profiles were monitored. In this way, the relationship between
the PSB vehicles' structure and the TM release profiles was outlined. © 2022 Society of Industrial
Chemistry.

Pestome

[TonuuBurepiionnTe ca OMOCHBMECTUMH M YCTONYMBH Ha IPOTEUHOBA a1cOPOLIUs MOJIUMEPH,
KOETO TY IPaBU MHOT'O MPUBJIEKATEIHHU 32 (hapMalleBTUYHH MPUIIOKEHHSI, 0COOEHO KaTo CUCTEMH 3a
JIOCTaBIHE Ha JeKapcTBa M reHu. [IBa pasnuuyHu Hocutenu Ha Oas3ata Ha mnonu(cyndodbeTuH
Mmetakpuiar) (PSB) Gsixa cuHTe3MpaHu B HACTOSALIOTO M3CIIEABAHE, U3MOI3BAKN OIMMEpHU3alHs ¢
o0paTuMoO MpHUChEIUHSBAaHE-PparMeHTallMsl Ha Bepurata 3a TpaHcpep, a HMEHHO JIMHEHHU
MaKpOMOJIEKYJIM U TOJIMMEpHa Mpexka MoJl popMara Ha MUKPOTEIOBe, 3a Jja ObJaT TECTBAHU KaTO
cucTeMu 3a jocraBsiHe Ha Tumoson Mmanear (TM) nekapctBa B ouute. Pasnukurte B TAXHATA
CTPYKTypa ce OYakBa J1a I0BeAaT J10 pa3InyHu (U3UKOXUMHYHU CBOMCTBA, KAKTO U J0 Pa3IMYHUTE
UM XapaKTEPUCTHKHU KaTO MOTEHIMAIHNA CUCTEMH 3a OYHO J0CTaBsiHE Ha JiekapcTBa. CTpyKTypara U
CBOMCTBaTa Ha Te3W HOcUTeNM Ha Oa3zata Ha PSB 0Osxa m3cienBaHM ¢ MOMOINTA HAa JUHAMAYHO
pasceliBaHE Ha CBETJIMHATa, M3MEpBaHE Ha 3eTa noreHuuana uM u SEM. beme ompenenena
e(eKTUBHOCTTAa Ha HaTOBapBaHe Ha JiekapcTBoTo TM B aBata PSB Hocutens m Osxa moirydeHH
npopminute Ha ocBoOokgaBane Ha TM. Ilo To3um HaumH Oelle odepTaHa Bpb3KaTa MEXKAY
cTpykTypata Ha PSB wactunure u npodunute Ha ocBoOok1aBane Ha TM.
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13. Konstans Ruseva, Elena Vassileva
“Polyzwitterionic Hydrogels as Wound Dressing Materials” Chapter 9 in
“Multifunctional Hydrogels for Biomedical Applications” Editors: Ricardo A. Pires, Iva
Pashkuleva, Rui L. Reis, 2022 Wiley-VCH GmbH
https://doi.org/10.1002/9783527825820.ch9

Summary

Polyzwitterions (PZIs) have recently attracted an attention due to their great potential as biomaterials
defined by their inherent biocompatibility and structural peculiarity. One of the PZI specific and
distinctive characteristics is their behavior in salt solutions — they expand rather than shrink, a
behavior known as anti-polyelectrolyte effect. This effect sets out different PZI applications related
to medicine and biology because all physiological liquids are salt solutions, and therefore, other
polymers, either neutral or polyelectrolytes, usually shrink at these conditions. One of the emerging
PZI applications is their use for chronic wounds management — a process that is challenging for the
physicians, patients, and for the health systems. This chapter outlines the main advantages that PZI,
in particular polysulfobetaines and polycarboxybetaines, possess as wound dressing materials. We
discuss recent advances made so far in this area. Although the numbers of reports about this PZI
application is still limited, the obtained results give a basis for further developments toward bioactive
wound dressings with curing abilities, thus, mitigating many problems and challenges related to
chronic wounds management.

Pestome

[TonusButepuonure (PZIs) Hackopo MpUBIISIKOXa BHUMAHUE MOPaId TEXHUS IOJISIM OTEHIIUAN KaTo
Oouomarepuaiy, OIpeesieH! OT MPHUChIIAaTa UM OMOCHBMECTUMOCT U CTPYKTypHa ocobeHocT. Enna
OT CIEU(PUUHUTE U OTIIMYUTEIIHU XapaKTEepUCTUKU Ha PZ] e TIXHOTO MOBeIeHUE B COJIEBH Pa3TBOPU
— Te Ha0BOBAT, BMECTO Ja CE CBUBAT, ITOBE/IEHUE, U3BECTHO KAaTO aHTU-TIOJIHEIEKTPOIUTEH e(eKT.
To3u edexT onpenens paznuunu npuioxkenust Ha PZI, cebp3anu ¢ meauimHara u OUoI0rusATa, Thid
KaTo BCUYKU (PM3MOJIOTUYHU TEUHOCTH Ca COJIEBU Pa3TBOPH M CIENOBATEIHO APYTU MOJIUMEPH,
HEYTPaJIHU WJIH TIOJUENIEKTPOJIUTH, OOMKHOBEHO C€ CBHBAaT IpU Te3u yciaoBus. EgHo oT
HOBOBB3HMKBAILUTE NMpUIOKeHUs Ha PZI e u3non3BaHeTO MM 3a JICUEHHE HAa XPOHUYHU PaHU —
IIPOLIEC, KOMTO € MPEIN3BUKATENICTBO 3a JICKApUTE, MALUEHTUTE U 3a 3paBHUTE CUCTEMHU. Ta3u riasa
oyepTaBa OCHOBHMTE IpenuMcTBa, kouTo PZI, mno-cnmeumanHo mnoaucyndoberaunure u
noJinkapOoKcuOeTauHUTe, MPUTEKABAT KAaTO MaTepHald 3a NpeBpb3ka Ha paHu. OOCHIEH e
HanpeabKa, MOCTUTHAT Jocera B Ta3u o0nacT. Berpeku, ye OposiT Ha cTaTUUTE 3a TOBA MIPUIIOKEHHE
Ha PZI Bce omie € orpaHuyeH, MOJIYyYEHNUTE pe3yJITaTh J1aBaT OCHOBA 3a ITO-HATaThIIHOTO Pa3BUTHE
Ha OMOAKTHBHU NPEBPBH3KH 3a paHM, CIOCOOHM Ja MOANOMAarar 3a3/IpaBsiBaHETO UM, KaTO MO TO3U
Ha4YMH CMEKYaBaT MHOTO NMPOOJIEMH U MPEIN3BUKATEIICTBA, CBbP3aHH C XPOHUUHUTE PAHU.

14, Kristina Grigorova, Bistra Kostova, Dilyana Georgieva, Anton Apostolov, Elena Vassileva
“Polyacrylamide/poly(2-(dimethylamino) Ethyl Methacrylate) Interpenetrating Polymer

Networks as Drug Delivery Systems for Diclofenac Sodium”

Gels, 8 (12) 10.3390/9els8120780 (2022)

Abstract

11


https://www.mdpi.com/2310-2861/8/12/780

Nowadays, modern pharmaceutical investigations are directed toward the design and production of
drug delivery systems for achieving prolonged and controlled drug delivery. In this respect, the use
of interpenetrating polymer networks (IPNs) is an opportunity in the preparation of polymer drug
delivery systems with desired characteristics. This paper describes the synthesis and characterization
of novel poly(2-(dimethylamino) ethyl methacrylate) (PDMAEMA) and polyacrylamide (PAAmM)-
based IPNs with different compositions and their application as diclofenac sodium delivery systems.
The prepared IPNs were shown to possess phase-separated structures at the nano level, as revealed
by SEM and TM-DSC. The IPNs’ composition was shown to determine the swelling behavior of
these novel materials, and the inclusion of the charged IPN component (PDMAEMA) has changed
the water molecules type diffusion from Fickian to non-Fickian, as revealed by the swelling kinetics
study. Loading efficiency of diclofenac sodium and diclofenac sodium content in the polymer
network was evaluated, and in vitro drug release experiments were carried out in order to estimate
the ability of the obtained IPNs to control the release of the water-soluble drug.

Pezome

CpBpeMeHHHTE (papMalleBTUIHU U3CIIEIBAHUS Ca HACOYCHHU KbM JIM3aifHa ¥ TPOU3BO/ICTBO HA
CUCTEMH 3a JOCTaBsSHE Ha JIEKapCTBa 3a MOCTUTAHE Ha YJIBJDKEHO M KOHTPOJIUPAHO JOCTaBSHE Ha
JekapcTBa. B ToBa OTHOIIEHME, U3MOI3BAHETO HA B3aUMOIPOHUKBAIM nmojaumepHu mpexu (IPN) e
BB3MOXXHOCT 3a Cb3/laBaHE€ Ha IMOJMMEPHU CHUCTEMH 3a JOCTaBsSHE Ha JIEKapCTBa C >KEIaHU
XapakTepuCTHKU. Ta3u cTaThsi ONMCBA CHUHTE3a W OXapaKTepu3HpaHE Ha HOBH IOH(2-
(mametmnamuno) etunmetakpuiar) (PDMAEMA) u nommakpunamua (PAAm) 6asupanu IPNs ¢
Pa3IMYHU CHCTABU M TSIXHOTO NMPUIIOKEHHE KATO CHCTEMH 3a JIOCTAaBKa Ha JUKIOPEHAK HATPHUH.
[Tokazano e, ue momydenute IPN mpurtexaBar gpa3zoBo pa3aesneHu CTPYKTypU HA HaHO HHUBO, 4pe3
SEM u TM-DSC. IToka3aHo e, ue cectaBbT Ha IPN onpezens HaOb0BaHETO Ha T€3U HOBU MaTepHUaIH,
a BiouBaHero Ha 3apeneH IPN kxommonenT (PDMAEMA) npomens tumna nudysus Ha BOAHHUTE
Moisiekyin oT dukoBa kbM He-DHKOBa, KAaKTO C€ pa3KpuBa OT KHHETUKAaTa Ha HaObOBaHe.
EdextuBHOCTTa HA HaTOBapBaHe Ha AUKIO(GEHAK HATPUI U ChIBPKAHUETO Ha AUKIO(GEHAK HATPHA
B mojuMepa Osxa OlEeHEHH M Osixa NMPOBENCHH In Vitro eKCIIepHUMEHTH 3a OCBOOOXJIaBaHE Ha
JIEKapCTBO, 3a J]a C€ OLIEHU CIocOOHOCTTa Ha nosnydeHuTe IPN 1a koHTponupar ocBoOOXKJaBaHETO
Ha BOJIOPAa3TBOPUMOTO JIEKAPCTBO.

15. Konstans Ruseva, Katerina Todorova, Tanya Zhivkova, Rositsa Milcheva, Dimitar lvanov,
Petar Dimitrov, Radostina Alexandrova, Elena Vassileva
. 1riple stimuli responsive interpenetrating poly(carboxybetaine methacrylate)/
poly(sulfobetaine methacrylate) networks*
Gels, 8 (12) 10.3390/gels8120780 (2023)

Abstract

The study reports the synthesis and characterization of novel triple stimuli responsive interpenetrating
polymer network (IPN) based on two polyzwitterionic networks, namely of poly(carboxybetaine
methacrylate) and poly(sulfobetaine methacrylate). The zwitterionic IPN hydrogel demonstrates the
ability to expand or shrink in response to changes in three “biological” external stimuli such as
temperature, pH, and salt concentration. The IPN hydrogel shows good mechanical stability. In
addition, other important features such as non-cytotoxicity and antibiofouling activity against three
widespread bacteria as P. Aeruginosa, A. Baumanii, and K. Pneumoniae are demonstrated. The in
vivo behavior of the novel zwitterionic IPN hydrogel suggests that this smart material has very good
potential as a biomaterial.
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Pesome

CuHTe3upaHu U XapaKTEpU3UPAHU ca HOBU B3aMMOIIpOHHUKBaIla nosrMepHa mpexa (IPN) Ha nse
MOJIMIIBUTEPUOHHN MPEXKH, a UMEHHO ToJiM(kKapOokcuOeTanH MeTakpuiaT) u moiu(cyiadodeTanH
METaKpWiIaT), KOHTO OTKJIMKBAT E€JHOBPEMEHHO Ha MpOMsAHATa Ha TpPU BBHIIHK CTUMYJA.
Leurepuonnust IPN xuaporen nemonctpupa ciocoOHOCTTa Ja HaObOBA MM J1a Ce CBUBA B OTTOBOP
Ha IPOMEHH B TPH ,,0MOJIOTHYHU* BRHIIIHU CTUMYJIX KaTo TemrnepaTypa, pH u KOHIeHTpanus Ha CoJl.
IPN xuaporenbT nmoka3Ba MHOro 1o0pa MexaHM4Ha cTabUIHOCT. B nonbiHeHne ca mokazaHu ApyTu
BOXHU XapPAKTEPUCTUKH KAaTO HEIMTOTOKCUYHOCT M aHTUOMO(HIM aKTHBHOCT CpPEILy TPH LIHPOKO
pasnpoctpaHenu bakTepuu Kato P. Aeruginosa, A. Baumanii u K. Pneumoniae. In vivo noBeaeaunero
Ha HoBMs LBuUTeproHeH IPN xuaporen mpeamnosara, 4e TO3W YMEH MaTepuan UMa MHOTO J0O0Bp
MOTEHIIMAJ KaTo OuoMarepuai.
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Abstract

The study reveals the development of novel hydrogels based on sulfobetaine methacrylate (SB) and
vinyl pyrrolidone (VVP) copolymers as potential contact lenses delivery systems of timolol maleate
(TM). The novel copolymer networks demonstrated composition dependent swelling kinetics, where
the hydrophilicity of VP and the physical network of SB monomeric units play significant roles. TM
loading efficiency appeared to slightly depend on the copolymeric composition, increasing upon VP
monomeric unit increase. In contrast, the TM release was prolonged when the SB monomeric units
content in the copolymers increased, reaching full drug release for 48 h for the SB-rich networks. The
transparency of the hydrogels was also studied and the obtained values demonstrate their applicability
as potential materials for soft contact lenses. The study has revealed the potential of these novel
copolymeric hydrogels as materials for contact lenses delivery systems of timolol maleate

Pestome

W3cneaBanero npenctas pa3pabOTBAaHETO HA HOBH XUPOTeoBe Ha 0azara Ha ChIOJIMMEPHU
Ha cyidobetun metakpuiar (SB) u Ha Bunui nuponuaoH (VP) kaTo moTeHIMaTHU MaTepuald 3a
KOHTaKTHU JIEHIM 3a JocTaBsHe Ha Tumonon manear (TM). Hosure chnomumepHu Mpexu
JI€MOHCTPHpAT 3aBUCHMa OT ChCTaBa UM KMHETHMKa Ha HaObOBaHe, KaTo XuapoduiHocTTa Ha VP 1
¢uznuHaTa Mpexka oT SB MoHOMEpHM 3BeHa Wrpadr 3HauuTenaHa pois. EdexTuBHOCTTa Ha
HaToBapBaHe Ha TM cnabo 3aBUCH OT CHIOJIMMEPHMS ChCTaB, KaTO CE€ yBEIUYaBa C yBeJIMYaBaHe Ha
cbabpkanueTo Ha VP MonomepHuTe 3BeHa. OO6paTHO, 0cBOOOk1aBaHeTo HAa TM e yIbKeHO, KoraTo
ChIbPKaHUETO Ha SB MOHOMEpHHTE 3B€HA B CHIIOJIMMEPUTE CE YBEIWYaBa, JOCTUTANKU ITBJIHO
0CcBOOOKJaBaHe Ha JieKapcTBOTO 3a 48 yaca mpu Ooratute Ha SB mpexu. [Ipo3pauHocrra Ha
XHUJIPOTEJIOBETE CHUIO € M3CJIEBAaHA U MOJIYYEHUTE CTOMHOCTH AEMOHCTPUPAT MPUIOKUMOCTTA UM
KaTo MOTEHIMAIHU MaTepualld 32 MEKU KOHTAaKTHHU Jjeuu. [IpoyuBaHeTo pa3kpuBa MoTeHIMala Ha
T€3W HOBU CBIIOJIMMEPHHU XUJPOTEJIOBE KaTO MAaTEpUAIM 332 CUCTEMH 3a JIOCTABSIHE HAa KOHTaKTHU
JIeIIX Ha TUMOJION MasiearT.
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