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CTEPWIN3ALIUA HA BIJAKHECTHU MATEPUAJIA OT
BUOPA3I'PAIUMU NNOJIMECTEPH - IPEJIU3BUKATEJICTBA U
PEINEHW A

Huxonera Crosinosa?, Hepena Manoaosa?, Winus Pamkos?,

Juasina Ilanesa?, Beceaun Kncopexu®

@ Jlabopamopusi Buonoeuuno axmuenu noaumepu, Hucmumym no nomumepu, bwvreapcra
arxademusi va Haykume, Vi. Axad. I'. bonues, 6ok 1034, BG-1113 Codchus, Bvreapus,; e-mail:
rashkov@polymer.bas.bg (H. Pawxog),

b flabopamopus Anmumuxpobuu cpedcmea, Hucmumym no muxpobuonozusn, BAH, yn. Axao.
I'. Bonues, daok 26, BG-1113 Cogus, bvacapus

Hacurenure anmudatHe nonwectepu, HampuMmep nommnakTun (PLA), momurmukomua,
MOJUXHUAPOKCHATKAHOATH, NoAuOyTHneHcyKumHaT (PBS) npupnuuaT Bce mo-rojisiM MHTEpEC
OT CTpaHa Ha M3CIEIOBaTeNUTe W HA MPOMHIUIEHOCTTAa. 10Ba ce NBIDKM HE CaMO Ha
OMOCBEBMECTHMOCTTa ® OuopasrpaauMocTTa WM (B HSKOM ciydan kato PLA - wu
OuopesopbupyemMocT), HO ¥ Ha (akTa, 4e TE3W NOIMMEpPH C¢ HOIYy4aBaT OT Bb30OHOBSICMU
W3TOYHULIH. MUKpPO- WM HAHOBJIAKHECTHTE MaTepUalH, IOJYyYeHH OT TIX, HUMaT TOJIsAM
MOTEHIIMAN 3a NpPUJIOKEHHEe B o0nacTtra Ha OumomenuuuHarta. Bogemro msicto kaTto Haii-
HEPCHIEKTHBHA M BUCOKOE(DEKTHBHA TEXHHKA 328 HACOYEH JM3aiH HA Pa3HOOOPa3HH 10 ChCTAB
BIAKHECTH MaTepHalH 3aeMa eJIeKTPOORNIaKkHsABaHeTO. HampumMep upes enekTpooBIakHsIBaHe
€ BB3IMOKHO Jla ce chueTasT HecMecBaemMHUTe PLA m PBS u nma ce monyuar 3ama3Baiiu
LEJIOCTTa CH BIaKHECTH MaTepuanu [1].

Ilpu OnomenuuUMHCKHTE W3CIEIBAHMA HA MaTepPHAIMTE W 3a M3IOI3BAHETO UM B
KIMHAYHATA TIPAKTUKAa BaXXKeH BBIPOC € TAXHara crepwimsanusa. CTepmimzanusaTa Ha
HNOTHMEpHH MaTepHall YecTo ce cOMBCKBA ¢ MpodieMa 3a TepMHYHATA YCTOMYIMBOCT Ha
Mmarepuana. EavH noaxon, KoiTo MoKe 1a ce M3M0d3Ba 3a MPEOJOJSABAHETO My, €
NOJY4YaBaHETO Ha MATEPHATH OT CTEPEOKOMIUIEKCH HA EHAHTHOMEPHH IOIHUECTEPH.
TemmeparypaTa Ha TOIEHE HAa CTEPEOKOMIUIEKCH OT MOMMIAKTUAM € 3HAYHTEIHO IO-BHCOKA
OT Ta3W HAa CHAHTHOMEPHHUTE MONWIaKTHIM M Hanxebpug 200°C. Upes enekTpooBIaKHIBaHE
Osixa TOJYYeHH HOBH BJIAKHECTH MaTepHalM OT CTepeoKOMIUIeKe Mexay monu(L-makThm)
(PLLA) u 65okoB cbrnonumep, cbabpskail 0jgokore oT noiu(D-naktun) (PDLA) u PBS [2].
EjlexTpooBiiakHeHUTe MaTepHaiu 0siXa CTePHIM3HPAHU TEPMHUYHO NPH CTAHJAAPTHHU YCIOBUS
— upe3 aBToKmTaBupane npu 121°C 3a 20 MuHyTH TmpH Hamsra€He oT | aTMm., U 4pe3 cyxa
crepunuzanus npu 160°C 3a 2 yaca. MUKpOOHOJIOrMYHM TECTOBE I0Ka3axa, ye NMpoluTe ca
cTepusiHd. belle nokazaHo, 4e TepMHYHaTa CTEpPUIM3AIMS He BIHAe Ha Mopdonoruara Ha
BJIaKHATA OT CTEPEOKOMIUIEKC M Te3W MaTepUallM ca NOJAXOAALIM 3a MPUIoKeHue B odiacTra
Ha OMOMeTUIIMHATA.

[1] Stoyanova N., Paneva D., Mincheva R., Toncheva A., Manolova N., Dubois P.,
Rashkov 1., Poly(L-lactide) and poly(butylene succinate) immiscible blends: from
electrospinning to biologically active materials, Materials Science & Engineering C, 2014,
41: 119-126

[2] Stoyanova N., Mincheva R., Paneva D., Manolova N., Dubois Ph., Rashkov I.,
Electrospun non-woven mats from a stereocompex between high molar mass poly(L-lactide)
and copoly(ester urethane)s poly(D-lactide)-hlock-poly(butylene succinate), Furopean
Polymer Journal, 2012, 48: 1965-1975
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INOJIMMEPHU CUCTEMMU 3A ITPEHOC HA HYKJIEMHOBHU KUCEJIMHUA:
®UBUKOXUMUYHU XAPAKTEPUCTUKU U BUOJIOTUYHU CBOMCTBA

M. Usanos', E. Xanamkosa', M. Cmomnuek?, FO. Kponex?, JI. Momekosa3,
W. Yrpunosa*, C. Panrenos!

"Mucruryt no noaumepu, BAH, Codus 1113, Bearapus
2Uucturyt o nonmumepu, CAH, 845 41 bpartucnasa, CioBakus
3®apmanestuyen pakyarer, MY, Codus 1000, Brarapus
4“UuctutyT 1o MosekyaspHa ouonorus, BAH, Codust 1113, Bearapus

JlocTaBsiHETO Ha TepareBTUYHU HYKJICHHOBU KUCEJIMHH JIO siipaTa Ha IaTOJIOTHYHO
IPOMEHU KJIETKH € B OCHOBaTa Ha Ha0upalaTta MOIYJSPHOCT eenHa mepanus. Ts uma
OrPOMEH IMOTEHLMAaJ 3a JIeYeHHe Ha MHOXecTBO Oosiectu. EdexTrBHOCTTA Ha reHHaTa
Tepanus, obaue, € IpSIKO CBbp3aHa C U3MOJI3BAHETO Ha MOJAXOSII BEKTOP, KOWTO TpsiOBa Ja
Ob/ie HETOKCHYEH U 0€30I1aceH 3a NalUeHTUTE.

C men cp3maBaHe Ha eekTHBHA M Oe30IMMacHa 3a KICTKUTE BEKTOpHA cHUcTeMa, Osixa
MOJIyYEHHU IOJIMEJIEKTPOJIUTHU KOMIUIEKCH (noiuniexcu) OT YaCTUYHO XUAPOJIU3HUpaHU
MOJTH(2-MeTHI-2-0KCa30JIMH)1, C Pa3IMYHU CTENEHH Ha TOJMMEpHU3alMs M ChIbp)KaHHE Ha
errsieHMMUHHY 3BeHa, u JJHK. ITonumiekcure Osixa u3cienBaHu MO OTHOIIEHHUE Ha pa3Mep,
3eTa IMOTEHIHAl M OHOJIOTHYHA CHhBMECTHMOCT, 3a Jia C€ YCTAaHOBHM NPHUTOJHOCTTa UM 3a
pa3paboTBaHe Ha PAa3IMYHU FeHHHH Teparnuu. M3cnenBano Oerre BIMSHHUETO HAa CTEIICHTA Ha
MOJIMMEPHU3alus W ChIBPKAHUETO Ha TOJUETHICHUMUH BBPXY (PU3UKOXUMHYHHUTE H

OHMOJIOTHYHM NTapaMeTPH Ha HAHOPAa3MEPHHUTE CTPYKTYPH.

H1299 cells

Integrated dencity
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Micelle-structured template for mesoporous Nb,Os thin films
R.Georgiev?, B.Georgieva?®, D.Christova®, T. Babeva®

“nstitute of Optical Materials and Technologies “‘Acad. J. Malinowski’’, Bulgarian Academy of
Sciences, Acad. G. Bonchev str., bl. 109, 1113 Sofia, Bulgaria.
PInstitute of Polymers, Bulgarian Academy of Sciences, Acad. G. Bonchev Str., bl. 103-A, 1113 Sofia,
Bulgaria.

Organic templates are commonly used for converting dense materials into mesoporous ones
through soft-templating method, that is highly utilized versatile approach due to its cost
effectiveness and reproducibility. In the present study we have investigated the micellization
of commercially available Pluronic PE6800 (PEO-A-PPO-A-PEQ) in aqueous solution and its
impact on porosity generation and vapors sensing properties of Nb;Os thin films. By using
1,6-diphenyl-1,3,5-hexatriene (DPH) and modified dye solubilization technique established
micellization conditions of the copolymer in aqueous media. Using UV-VIS spectroscopy and
photoluminescence measurements we have determined Critical Micelles Concentration
(CMC) at room temperature by monitoring the wavelength shift of characteristics absorption
and emission spectra of DPH with concentration instead of commonly used approach of
measuring DPH peaks intensity. The formation of micelles has been confirmed by TEM
images recorded using staining technique for sample preparation. Besides, Dynamic Light
Scattering (DLS) measurements have been conducted to determine micelle size distribution at
different temperatures below the cloud point. The advantages of using micellar solution for
pores generation has been demonstrated by preparation of porous thin films with polymer
concentration above and below the CMC and the free volume within the films has been
estimated by Bruggeman effective medium approximation. The size and shape of the pores in
the films have been studied by TEM. The ability of the films to detect vapors has been tested
by measuring the change of the reflectance spectra of the films prior to and after exposure to
acetone vapors used as a probe molecule. In order to increase further the sensitivity, porous
films have been incorporated in specially designed photonic structures, called Bragg stacks,
and their application for chemical sensors with optical read-out has been demonstrated and
discussed.
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CpnonuMepH Ha 2-H30MPOINUII-2-0KCA30IUH U eTUIeHUMUH: CBOMCTBA HA BOJHUTE

pasTBOpH M 00pa3yBaHe Ha MOJUILIEKCH

E. Benera-Kocranunosa, H. Tonuera-Monuesa, Xp. Ligetanos, C. Panrenos

IIpe3 nociieAHUTE TOMHK €THH OT HAaH-IIMPOKO M3CIIEIBAHUTE IOJMMEPHH MaTepHAIH ¢a
mou( 2-ankun-2-okcazonus)ute (Pa0Xs). PaOXs morar fa 0b1aT H3MOM3BaHW KATO TIPEKYPCOPH
3a cunre3 Ha uHeiHu (L-PEI) u cenonumepu ¢ L-PEI Hamupaiiku MHOrOOpOHHH NPHIOKEHUS
KaTo OHOCEH30pH W CHCTEMH 3a TpEHOC M JiocTaBsHe Ha reHH. PaOXs ca HETOKCHYHH,
OMocHBMECTHMH TToJuMepH. BB BoaHM paztBopH PAOXS ce XapakTepH3upar ¢ 10/1Ha KpHTHYHA
Temnepatypa Ha pastBapsse (LCST), kosTo 3aBHCH OT MOJIEKYJHOTO TETVIO, KOHIIEHTPALMATA Ha
nojauMepa U tuna Ha ankunoBus octarbk. Hap LCST ¢opmupar mesornodyiu B pe3yirar Ha
JeXHpUpaHe Ha TOJMMEPHUTE MakpoBepurH. Pa3smepbT Ha Me3ornOyiauTe Moxe aa Oble
KOHTPOJIUPaH Ype3 IPOTOKOJIa HAa HarpsABaHE.

Jpyr I1MpoKo  HM3cieaBaH  TOJMMEP 33  OMOMEIMLMHCKM — TIPWIOKEHUS €
nonauetuaeHUMUHBT (PEI) - nmuneen u paszknonen. 3a pasnuka or PaOX, PEI npossasa UCST
(ropHa kpuTHYHA Temmeparypa Ha pa3rBapsHe). PEl e u3Becten owe karo ,3nareH craHgapr’
PU JIOCTABSIHETO M TPEHOCA Ha TEPANEeBTHYHH HYKICHHOBHM KHCEJMHH C I[leJl KOPHTHpaHe Ha
Je(eKTHH TeHH, OTTOBOPHH 3a pa3inyHK 3a00/14BaHUS KaTo pak, Te’KKa KOMOMHHpaHa MMYHHA
HEeJ0CTATBYHOCT, KUCTO3HA (pudpo3a wiu 1opu xemopunus A.

OOCKT Ha HACTOAIIOTO H3C/IENBAHE € MOJyYaBaHe HAa HOBH JIMHEHHHU CHIIOJUMEpPH Ha 2-
H30Tponui-2-okcazonu U eruneHuMuH (PIPOX-PEI) cbe coappikanue Ha PEI ot 5 mo 84%,
4pe3 4acTUYHA KMCETMHHA XUPOJIH3a Ha MOJu(2-H30mponui-2-0kca3onuH). Boanure pa3ropu
Ha CBHIOJMMEPHTE Ca HM3CIEABAHU Ype3 JHHAMMYHO M eleKTpo(OpeTHUYHO pas3ceiiBaHe Ha
cBeT/IMHaTa ¢ KoHuentpauus 0.5 g L. Veranoseno e, ue conomumepure PiIPOX-PEI oOpasysat
TOJOKHUTENHO 3ape/leHH Me30IJI00YIIH TIPH TIOBHIIEHH TeMIepaTypH, CIIOCOOHH Ja KOHJeH3Upar
JIHK no ctabunau u 1o6pe aeuHUpaHH MOTUTIIEKCHH YaCTHITH.

® _ ET units
@ - {POX units
g— DNA
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HOB B 3BE3JOBHIHH ITOJIHMEPH 3A BUOMEANLIHWHCKO INPHJIOKEHHUE

3opuuna Tomoposa, Owoyanapu Tymypbaarap, Hemu Kocesa

WUHceruryT no nonumepu — beirapcka Axkagemus Ha Haykure

ep. Coghus 113, yn. ,, Axao. I'eopeu bonues™ 103-4,
E-mail: ztodorova@polymer.bas.bg

Peakiuara mwa Illaymunrep e mnpuioxkeHa 3a DOBPBH IOBT 3a MOAydYaBaHE Ha
docdopebabpiKai TTHKOMOIUMEPH. 3a SIAPO HA 3BE3AOBHAHMS TIIHMKOMOIMMEP € M3MON3BaH
Tpuc(2,3-enokcunponun)uzonuanypar. JluHeHHUAT QocPopchabpIKAII TOTUMEP, KOUTO HIpae
pomsata Ha T.H “pamMO” Ha 3Be3NOBUIHHA [OIUMEp € CHHTe3UpaH 4upe3 peakiusd Ha
MOTUKOHEH3AIHA MeXKay auMeTrnt H-docdonar u momuernner rmukod. [leTkoopanHamoHHUAT
(hocopeH aToM B TIONUMEPHUTE BEPUTH € TIPERBPHAT B TPUKOOPIMHAIIMOHEH Ype3 TPETHPAHE ChC
CHJIMITHpAIH areHTH. [lonydeHusaT 3B8e310BHIeH MIHKOIIOINMep, chabpka P-O-Si-cTpykTypH,
pearupa insfifu ¢ IpeaBapuTe/IHO CHHTE3UPaHa apoMaTHa a3uo3axap o peakuus va llaynunrep.
[Momygenute mnpomyktu ca oxapaktepusupand ¢ AMP-cnekrpockomus. C momomra Ha
OUHaMHU4YHO cBeTnopasceliBaHe (DLS) u anamutnuna yarpaueHtpodyra (AUC) e u3cienBaHo
crienuuuHO UM B3aumozeiictBue ¢ nektuH (Concanavalin A) 3a goka3BaHe Ha MOTCHLMAIHOTO
UM TIPUIIOIKEHHE TIPU pa3pa0d0TBaHETO Ha BAKCHHU U JICKAPCTBA.

Baaromapuocru: Hacrosimure wu3cnenBanust ca  ¢uHaHcHpanu ot npoekt: JIDHII-17-
45/26.07.17.
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O®OYHKUUOHAJIHU TIOJIMMEPHU HAHOHOCHUTEJIN HA
BUOJIOI'MYHO AKTUBHU BEILIECTBA YPE3 Cb-
ACOIMUPAHE HA BJIOKOBH CBIIOJIMMEPH

Kars Kamenosa, Emu Xanamkosa, [letsp [letpos

Hucmumym no nonumepu, bvreapcka axkademus na naykume, Yi. Axao. I'. bonues 1034,
1113, Cogpus, Email:kkamenova@polymer.bas.bg

JloxkiaabT mpeacrtaBsi pe3yJsiTaTUTE OT HM3CJIe/IBAaHE HACOYEHO KbM pa3paboTBaHE Ha
HOB TUN (PYHKIMOHAJIHU TOJUMEPHU MULIEIIHH HAHOHOCUTENU Ha OWUOJOrMYHO AKTUBHU
BenecTBa. Ha mbpBU erarn, ype3 Ch-acolMMpaHe BbB BOJia Ha JBa aM(pUHIHU TPUOIOKOBH
chloJiuMepa,  HOJHU(ETHJIICHOB  OKCHJ)-OJIOK-MOJIM(E-KAIIPOIAKTOH )-0JI0K-TT0IH (S THIICHOB
okcun) (PEO;3-b-PCL35-b-PEO,3) u nmonmu (2-(auMeTniiaMuHO) €THJI MeTaKpuiaT)-0JIOK-
1oJIi(e-KarposakToH )-00K-1tonu(2-(mumetrminaMuHo )etrnn - MeTakpuiar) (PDMAEMA-b-
PCL7o-b-PDMAEMA,(), ca mnojgy4eHH MHIEIA C pa3jdueH ChCTaB (CHOTHOIIEHHWE Ha
cenionmumepute 7:3, 1:1 u 3:7 monnu yactu). BbB BogHa cpena GiokoBeTe oT OHoOpasrpaaum
PCL ¢opmupar xunpooOHOTO MHUIIEITHO SIIPO,

nmokaro aBata xuapodmiau noaumepa (PEO wu

’vwm o 10

insulin

PDMAEMA) ¢ pa3auuHa [JObJDKMHA Ha

BEpUTUTE, KOBAJIEHTHO CBBp3aHU KbM PCL,

y4dacTBaTt B 06pa3yBaHeT0 Ha MEXJIUHEH CJIOH,

A/\ PEO chain

"'; s ceeraBeH  or  cmecern  PEO/PDMAEMA
CEerMEeHTH U BBHILEH cJoii, tomuHupa ot PEO. Ha ciienBain erar, B NOJIMMEPHUTE MUIIECIH €
MMOOWIM3MpaH HWHCYJIMH 4Ype3 KOMIUIEKCOOOpa3yBaHE Ha OTPHILIATENIHO 3ape/ieHHUTe
MIPOTEMHOBU MOJIEKYJU ¢ MoJiokuTenHo 3apeneHure PDMAEMA Bepuru. Ilponecst Ha
KOMIUIEKCOOOpa3yBaHe MEKAy HHCYJIHMHA W Pa3IMUYHM IO CBHCTAaB IMOJUMEPHHU MHULICIH €
M3cieBaH C IMOMONITa Ha JTWHAMHUYHO M €JIEKTPO(OPETHYHO CBETIOpa3celiBaHe M aTOMHO-
cunoBa MuKpockonus. [TokazaHo e, 4e XUAPOIMHAMUYHHUS AHAMETHp, 3€Ta MOTEHLIHAIa U

KOJIOMTHaTa CTAaOMJIHOCT Ha IMOJIYYEHUTE CHCTEMHU 3aBUCAT OT ChCTaBa Ha MHUICIN U

KOHIIEHTpALMSITa Ha MPOTEUHA BbB BOJHUSI Pa3TBOP.

PaGotara e ocbliecTBeHa upe3 prHaHcoBaTa noakperna Ha @oHa HayuHU usciensanust (npoekt T0O2 /

7-2014).
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3a6 ONABAHUA. Bupose TepGHOCTM‘-IHM areHT™

3. [erHoBa ', C. Parrenos ', P. bpackosa *?

1 bvnrapcka Akaaemus Ha Haykute - MHctutyT no TTonumepu,Copusa, bbnrapus
E 2 XumukotexHosiorudeH u MertanyprudeH yHuesepcutet, Kareapa ,TTonumepHo
uHxeHepcTeo", Copua, bunrapusa

o . R

TepaHocTUKaTa BOoAgM Ha4anoTo cu ouge ot 1960r., U NpegcTasnsBa KOMGMHAUUA MEXAY AUArHOCTMKA Ha sabonssaHeTo U
Herosara Tepanua. Tosu MeToj OCUTypsiBa MNPeMMHaBaHETO OT KOHBEHLMOHa/lHaTa MeAMLMHA KbM CbBpemMeHeH
MepcoHanusvMpaH ¥ npeuuseH MegULIMHCKU Mo, . C nomouira Ha HaHOTEXHONOTMUTE, TepaHOCTUKaTa obeauHsBa
AVNArHoCTUYHU U TepaneBTUYHU MPUIOXKEHUA BK/IIOYEHU B €fWH areHT, KOMTO MosBONABAa AWArHOCTUKA, AOCTaBAHEe Ha
NeKapcTBa U MOHUTOPUHT 3a fledeHneTo. Tosu cbBpeMeHeH NoAXoA ocUrypsisa NpaBUIHOTO /IeYEHUE, 33 TOYHUA NaLMEHT, B
TOYHOTO Bpeme, € TOYHaTa f0sa, KaTo OCUIYpPsABA LiefleHacoyeHa U edeKTMBHa ¢apmakorepanus, nog dopmara Ha
TEepaHOCTUYHU areHTU. Te usnonssar cneynPuyHU 6MONOrMYHM MBTULLA B YOBELLKOTO TA/I0, KaTo 4Ypes TAX ocurypssar
AVNarHoCTUYHU o6pasu U NPEeAOCTaBAT TepanesTUy £03a Ha NayueHTa.

Tep e jus om dea
euda azeHmu:
Mupsa pasa - AuarHocTuka Bropa 4,,,, Tepanua
™ Arweguectrtnl  Redenucids
compont coond *[TbpBUAT areHT naeHTMdUUMpa
(anarHocTuumpa)
® BropuaT areHT A p 3a
Ha [/1aBHMSA TYMOP M BCUYKM METacTaTUYHU
Tymopu.

Kakeu cBOMCTBa TpsiGBa Aa Bugose TepaHOCTUYHM areHTH

npuTexasa eAWH TepaHOCTUYEH -, Monumepwn, nsnonseaxu s
areHT? — TepaHocTuKarta
Heoprauuunu (_)g raHUYHU
>HaHouacTmum Ha ocHoBata. w >
iy O Oenppumepn >PLA

< [la octaHe cTabuneH, AoKaTo He [OCTaBM HyxXHaTa
TepaneBTU4YHa [03a NekapcTeo »>MarHuTtHu HaHEYaCTULU
< [la Moxe fga npeoponee BCUUKM BuonoruuHn Gapuepw,
[A0KaTo He AOCTUrHE A0 3apa3eHarTa TbKaH (opraH).

“[la UMa He3HaUMTENHU TOKCUYHU CTPaHUYHU edbeKTn Ha Cunmumes AMOKCUA
BbpXy NauveHTa

<+[la cbabpxa TepaneBTUYHO NEKapCTBO KaTo:

>/lunosomu

> Poly(2-(dimethylamino)ethyl
»Hanouactnum Ha ocHoBara methacrylate) - PDMAEMA
> Poly(propylene glycol) methacrylate

> KBAHTOBM TOUKM —PPGMA

Hykneurosa KucenuHa (Mmkpo-PHK nunu >ethylene glycol dimethacrylate -
uHTepdepupalya PHK) - '
TepanesTnuHU NpoTenHU unm Apym

XMUMUOTEPaneBTUYHN CPEACcTBa - -

G‘Paf&f"" 3a y Ha Tep areHTH ) —— -
4 ‘ SAKJITIOYEHME

e

D | ===

270 drugmoleculesinto

Haandd

X .~—.J.JJ33

PakbT e epHa oT i-pasnp p 3a
CMBPTHOCTTa B CBeTOBeH Mauwab, cnes C\sp,qeqnocw;onme
3abonaganmA. Hapuuan or HAkou 6uu 3a  MoaepHoTO
4o TBO, TOBa € BTOpaTa Hait-uecta npuunHa
3a CMBPTHOCT B pamkuTe Ha EBponeiickua cbio3.
CmbpTHUTE C/lyyau BCleacTBMe OT pak Habpossar 18 100
rop,vu.uuo wnm 120,5 Ha 100 000 aywm.
nocraes 8 paspaborsal , Ha HOB

& K/1aC /IEKapCTBEHW CPeACTBa 33 JIEYEHWE Ha OHKO/IOTUYHU
o e 3abonABaHuA.
HesaBucumo ot Gbpana nporpec, Aocera He ca MoAyyeHn
K TEPaHOCTUYHM areHTH, KOUTO A3 OTIOBapAT Ha  BCUUKW
I KAMHWYHW  CTaHAapT. TesW areHTM MmaT CBOWTE KaKTo
npeaumcTsa, TaKa M HEAOCTATBUM:  TOKCUUHOCT, uewa u ,

TbuHa 6

= Onutute n npoy! Ta, C uen np e Ha Tesmn
EER HeJOCTaTbUMTe NPOAB/KABAT YCHIEHO U A10 AHEC. /




STAR SHAPED PDMAEMA POLYMERS AS NON-VIRAL
POLYMER VECTORS FOR GENE DELIVERY

RIA Y OF SCIENCES

Dimitar Petrov'? | Emi Haladjova', Atl 1 alis?, Stergios Pis anislav Rangelov!

Introduction

Non-viral vectors are promising candidates for the fast growing area of gene delivery. Cationic polymers as representatives meet most of the requirements for effective gene vectors.
However, their efficiency to compact, deliver and release DNA are strongly dependent on polymer chain structure and topology, composition, mollar mass etc. For example, branched
polymers have exhibited better transfection efficiency when compared to their linear conaterparts. Linear poly(dimethylaminoethyl methacrylate), PDMAEMA, is one of the most studied
polymers for gene delivery. On the other hand the information for the use of star-shaped PDMAEMA is quite limited.

The aim of the present study is to investigate the ability of star-shaped PDMAEMA polymers to bind DNA. Therefore, polyplexes at a wide range of amino to phosphate groups
ratios (N/P) were prepared. The main physicochemical characteristics of the gene delivery systems (hydrodynamic radius, R, and zeta potential) were determined as a function of various
parameters e.g. polymer composition and concentration, DNA chain length and ambient temperature.

7
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“ymer characteristics @ \/

/f:mﬁ:"::i PDMAEMA stars have been obtained via a “core-first” method. The calculated
values for the number of arms in the stars was 7. The polymer was quaternized with 50+ e 4 masc
methyl iodide yielding novel star shaped QPDMAEMA possessing tertiary amine [Jarc Jarc®
groups. Both polymers exhibit strong positive surface charge slightly influenced by 0 1
temperature. The formation of nanosized aggregates i water was detected by dynamic
light scattering, 0
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Poly(2-dimethylaminoethyl methacrylate), polyquaterni hylaminoethyl methacrylate), POMAEMA QPDMAEMA PDMAEMA QPDMAEMA
PDMAEMA, M, 20000; P 135 QPDMAEMA, Mw 37000; D 1.35

y \ 7
 rayplocswinDNA L L
100
L Polyplexes at different N/P ratios in the
range of 0.5-10 were prepared. It was found that
) " e o

2]

the complexation was dependent on polymer
intial concentration. The lower concentration
yelded smaller in size and better defined particles
of narrow size distribution.

5

Intensity %

8

D, .nm

Linear DNA of different molar mass (from salmon testes, Mw ~ 2000 bp and from salmon sperm Mw ~ 113 bp) were used for complexation. The DNA length influence both polyplexes size and zeta
potential of the resulting polyplexes. The results reveals also better complexation of QPDMAEMA compared to the non quaternized polymer, probably due to the presence of tertiary amine gronps. The
physicochemical parameters of the particles were determined at physiological temperatuze as well.

Large DNA Small DNA

25°C
N
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50 A 20 50 /"‘\\ 20
b — . 4 ™ T —
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0 —e— QPDMAEMA ‘ o o cPOMAEMA
0 2 ] 6 8 10 0 2 a 6 [ 10 0 2 4 6 1 10 2 3 1 & & 10
NP ratio NP ratio NP ratio NP ratio
o — 1507 —a— POMAEMA “°
" a - —e— QPDMAEMA
— e |

Polyplexes based on star-shaped PDMAEMA polymers were obtamned. It was shown that they were able to condense DNA molecules of different mollar mass. Formation of well
defined particles of small size (ranging from 20 to 120 nm) and narrow size distribution was observed at low polymer concentration (0.1 mg/ml). The complexation was slightly
fluenced by the temperature. The surface charge of investigated systems changed from negative to positive values with increasing N/P ratio. Influence of polymer compesition
(presence of tertiary amine groups) on the size, zeta potential and colloidal stability of the resulting DNA/polymer complexes was observed. The resulting polyelectrolyte complexes
were considered as promising for gene delivery.

Acknowledgement: This work was funded by the National Science Fund (Bulgaria) Project DN19-5.



Incorporation of Graphene Oxide into natural and synthetic
polymer matrices — strongly vs. weakly charged polyelectrolytes

Tonya D. Andreeva', Svetozar Stoichev', Andras Dér?, Lorand Kelemen2, Rumen Krastev?, Stefka G. Taneva'

"Institute of Biophysics and Biomedical Engineering, Bulgarian Academy of Sciences, Acad. G. Bonchev Str., bl. 21, 1113 Sofia, Bulgaria
2 Biological Research Centre of the Hungarian Academy of Sciences, Institute of Biophysics, Temesvari krt. 62, Szeged, Hungary
3Reutlingen University, Faculty of Applied Chemistry, AlteburgstraBe 150, 72762 Reutlingen, Germany

*Corresponding author, E-mail:

ABSTRACT

Controlling the structure and surface properties of thin nanosized coatings is of
primary importance in diverse engineering and medical applications. In this work we
studied the effect of addition of Graphene Oxide (GO) in well-characterized strong
PSS/PDDA and weak HA/Chi polyelectrolyte couples. We report on how the
nanostructure, growth mechanism, thickness, roughness and hydrophilicity of
nanocomposites comprising weak or strong polyelectrolytes (PE) can be tailored by
GO doping. GO shapes up a diffusion barrier that reverses the build-up mechanism
thus affecting the internal structure and the hydrophilicity in a way dependent on the
type of the PE-matrix.

In situ build-up of hybrid PEM/GO films
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Figure 1. QCM measurements of the frequency evolution Af, normalized to the overtone (v), during
construction of the hybrid films. The red points indicate GO-adsorption.
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Figure 2. Thickness (A), mean roughness R, (B) and average static contact angle (C) of
(PSS/PDDA)/GO and (HA/Chi)/GO films with surface exposed GO-layer.

Hybrid nanocomposites with single GO-layer
into the polymer matrix

z I
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Figure 3. Thickness (A), mean roughness R, (B) and average static contact angle (C) of hybrid
(PSS/PDDA)/GO and (HA/Chi)/GO films with different localization of the GO-layer into the polymer
matrix.

t andreeva@abv.bg

STUDIED PEM/GO FILMS

System
(PSSIPDDA)00
(PSS/PDDAY,GO
(PSSIPDDA)00

System
(PSSIPDDA}{GOPDDA)(PSSPDDA),
(PSSIPODA},(GOIPDDA)PSSIPDDA),
(PSSIPDDA},{GOIPDDA)
(PSSIPDDA]{GOIPDDA},(PSSPDDA),
(PSSIPDDA},{GOIPDDA},{PSSIPDDA)
(HAJCHi)5{GOICHINHAChi),
(HACH){GOICHIKHAICHi),
(HATCH,(GOICH)
(HA/CH),{GOIChiL(HACHi),

(HA/CH) {GOICHi) (HACH)

Hybrid nanocomposites with multiple GO-layers
into the polymer matrix

B Es 28388

Figure 4. Thickness (A), mean roughness Ra (B) and average static contact angle (C) of hybrid
(PSS/PDDA)/GO and (HA/Chi)/GO films with different number of GO-layers into the polymer matrix.
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Figure 5. Typical AFM deflection images of (PSS/PDDA)/GO films (scanned area 10X 10 pm).

CONCLUSIONS

The growth mechanism, thickness, roughness and hydrophilicity of the hybrid PEM/GO films
are modulated by variation of the number or localization of GO-layer(s) in the polymer matrix. The
degree of the variations depends on the type of the applied polyelectrolyte (strong or weak).

Insertion of GO-layer has opposite effect on the build-up mechanism and structure of PEMs
constructed from weakly and strongly charged polyelectrolytes. GO forms a diffusion barrier
suspending the interpenetration of Chi-chains and thus turning the typical exponential growth of
HNChl mulnlayers into Imear whereas for PSS.’PDDA multilayers the parabullc growth transforms

The substitution of one or more PSS or HA layers with non-polymer GO-sheets does not bring
ignifi i fi y i ,

The deposition of one surface-exposed or immersed GO-layer does not significantly alter the

A ‘ll“:'.." ULl m ‘I Uriace-exposed d o} ll' a .E‘.l‘.i.ll‘ -
layers are hydrophilic, independent of the PE-charge. The addition of one or two GO-layers in-
between PE-| Ia[ars has a diverse effect on the hydroghlllclg dependmg on the type of the matrix

unabla wettlng propartle! for various technologlcal and hlomedlcal appllcaimns




IJIACMACHUTE 3AMBPCUTEJ HOMEP EJJTHO HA OKOJIHATA C

A-p Muriena Ileiiunnosa , HBY, non. a-p nnk. borso 3axapunos, HGY

YBOJI

Haii-pa3npocTpaHeHIsT BIJ| 3aMbPCHTEIIH, CPEIaHH B OKOJIHATA CPejia ca IUIACTMACHTE | I10-CIICIHAHO HAIUIOHOBHTE OIIAKOBKH,
ymotpeba,. Pa3paboTBar ce BapHaHTH 3a Ch3/[aBaHE HA HOBH €KOJIOrOCHOOpa3sHM, MPOM3BEAECHH 10 OHONOTHYEH HAYMH, OHOpa

€HEPruifHo e)eKTHBHI ONAKOBBYHH MATEPHAIIH 32 XPAHHTEIHH IPOIYKTH.

BbBE/IEHUE
TpeBoxen ¢axr e, 4e BCsKa IojMHa Ha Teputopusra Ha EBpoma ce
TeHepHpaT 25 MHJIHOHA TOHA TUIACTMACOBH OTHAIBIN, HO TO-MANKO OT
30% or X ce chOupar 3a peukmpane. [0 cTaTHCTHIECKH TaHHH
npe3 2016r. B bwirapus ca o6paszyBanu 421 145T. ornaxbnm or
OIIAaKOBKH [3].

BHI OTHAIBK B TOHOBE

[(

3a CIIpaBAgHE C €KOJIOTHYHOTO 3aMbpPCABAHE HA TEPHTOPHATA HA Buu‘apm,
peauna  y4eHu pazpaGorBar 6uopasrpa,zmmn IUIacTMacu W T. Hap.
SHOHOJIHMCPH, KOUTO TIpeJICT 110. Marepmaim,
pasrpaxjamm ce Iox BB3/ICHCTBHETO HA MHKPOOPraHH3MHUTE B IIpUpoJara
TIPH NOJIXO/AIH YCIIOBH, TAKHBA KaTO BjIara, TeMiieparypa u KHCIOpOJI.
HOPMATHBHA BA3A

EBPOIIEMICKO 3AKOHOJIATEJICTBO

OT mpHeMaHeTO Ha IhpBaTa paMKkoBa J[MpeKTHBa 3a OTMAIbIHTE
75/442/EEC mpe3 19751 eBpoNEiicKOTO 3aKOHOJATENCTBO B CEKTOpa
HMa OTPOMHO passuTie. IIOHACTOSAIIEM 3aKOHOJATENCTBOTO HA
OO6nHOCTTa BKJIIOYBA TPH KAaTETOPHA 3aKOHO/IATETHN aKTOBE:

L v

Pamkara 1 CTpyKTypaTa Ha €BPOIEHCKOTO 3aKOHOATENICTBO, YPEHK/IAIIO
OOIIECTBEHUTE OTHOIICHHS B CEKTOP OTHAIBIN MOXE JIa C& OHAIICIH
10 CIIe/IHAS HAUHH:

PamkoBa upektuea 2008/98/EC 3a otnagsuute

AvpekTtuea 1999/31/EC 3a genoHupaHe Ha oTnagbuuTe

PernamenT (EO) Ne 1774/2002

AvpekTtuea 2010/75/E0
AvpekTuea 2000/76/EC

HAITHOHAJIHO 3AKOHOJIATEJICTBO

brarapckoTo 1 eBpoNeiicKoTo 3aKOHOATENICTBO B CEKTOP " YTIpaBlieHHe Ha OTHAIBINTE , A XAPMOHM3HPAHO Upes3:

- 3aKoHa 3a YIpaBi€HHE Ha OTHAABIHUTE,

- ITox3akoHoBH HOPMAaTHBHH aKTOBE;

-2020r
Hamyonanen naH 3a ynpasieHne Ha ornagabimre 2014-2020r

0 HalpHMep, JeTCKH UTPAvKH, HailTIOHOBH TOpOHIKH 1 p. [1].

3. HanHoHAJIHOTO 3aKOHOIATEJICTBO,
H3KJTI0UHATETHO ObP30 H THHAMAYHO.

- Hanmonanen CTPATErH4eCKH IUIaH 3a IMOCTAITHO HAMAJIIBAHE HA KOJIMYEeCTBAaTa Ha 6nopa3rpammm'e OTHAaAbIM, MPEIHA3HAYCHH 3a JCNIOHUPAHE 3a IIEp

He HA MOC/JAEHO MSICTO e HaesiTa Ha 3ejleHa KHHTra 3a Espoueiicxa CTpaTerusi OTHOCHO IVIACTMACOBHTE OTHAABIH B OKOJHATA cpezla,
OCHKAAT HA IIHPOKA OCHOBA BE3MOXHHTE OTTOBOPH HA CBBP3aHUTE C IUIACTMACOBUTE OTIA/IBIN IIPEJAN3BUKATEIICTBA IIPE/T obmecTBeHara TIOTTHTHKA

a3MIEKAAT Ce BAPHAHTH HA IONHTHKATa OTHOCHO IUIACTMACOBH OTIA/bIH, KaTO HANPUMEpP NpPEJOTBpATSABAHE Ha O00pa3yBaHETO 4pe3 H3H
@BAHETO HA IUIACTMACOBH TNPOJYKTH, Mpepasriek/aHe Ha [eIHTe 3a IUIACTMACOBH ONAKOBKH, 3a0paHa Ha JICTIOHHPAHETO HA IUIA
BekaHe Ha cHcTemu 3a jeno3nT Ha PET OyTwiky, BbBekJaHe Ha MKOHOMHYECKH MHCTPYMEHTH, KOHTO Ja CTUMYJIHPAT pEIH]
0J130TBOPABAHETO HA CHEPrHs Upe3 H3rapsAHe H HAMABAHETO HA yroTpedara Ha eHOKPATHH WIH ¢ MAJIOTpaifHa ynorpeba eBTHHH WiH 6e3

1. EBponelickaTe cTpaTernuecKH JOKYMeHTH NpeLIAraT Npexol oT HeJeHACOUYeHO YNpaBjieHHe H
OTHAABIHTE KATO (PAKTOP, YBPEAJAI] OKOJIHATA CPela, KbM IOJIHTHKA Ha NpPeIOTBpaTsIBaHe
TAXHOTO 00pa3syBaHe H eeKTHBHOTO HM H3II0JI3BaHe KATO PeCypCH.

2. Ot nbpBaTa eBponelicka PaMKOBa IHPEKTHBA 32 OTHAAbIMTE npe3 19751, 3aKkoHoxaTe.l
OOGmHOCTTA B CEKTOPa HMa 3HAYAMO pa3BHTHe Npe3 mociaeannTe 15 roaxuan. OT NbLpBoHAY
BBbBEKIAHE HAMAJIsBAHEe HA BPEJIHOTO BbileliCTBHE HA OTHAABIHTE BBLPXY OKO/IHAT;
JHEIHHAT 32AKOHOATe/IeH NAKeT ChAbP/KA KOHKPETHH H3HCKBAHHS H KOJTHYECTBEHH /I

JIUCKYCHSI

ITo nannn Ha Kommcusta Ha EBpomneiickus cpio3 (Bl
renepupar Mexay 118 m 138 Muanona ToHa 6HOO
ToHa ca OuToBH oTmajxbIH. [IpeaBmKaa ce, Te3H KO
10 % 10 2020 1.

EcrecTBeHOTO pasiaraHe Ha OPraHHYHHTE BEIIECTBA
npepaGTBaHUAT CyOCTpaT ce chOepe Ha KyITdHHH, KOE
9acT OT TOILUIMHATA, OT/ENAHA NpH (epMeHTaIHuTe
HHTEH3HBHOTO KOMIIOCTHpAHE [4].

IIporuyamure MpH KOMIOCTHPAHETO OHOXUMHYHU Peak
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NH;, COs, H2O
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BHOXMMHYHNTE PEAKIHH ICHEPHPAT TOJISIMO KOIHYECTBO CHE
PA3KO IOKa4BaHe HAa TEMIIEPATYPATa HA IbPBHYHMS KOMIIOCT
OJIaronpHATCTBA H3MAPSABAHETO HA ChbPXKAIATa Ce BOJA H
Jla ce H30eTHe 3apa3sBaHETO Ha YOBEIIKATa XPAHHTEIIHA BEPHTa
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nPo) o 1

AT EPHATMENG
1OMMBO A
NIPOMHLWTEHOCTT
AN MATAPR I €
'

onon;
LA TUFErIaTA

CBBP3aHO € YHOpaB/IeHHe Ha OTHAABUHTE,

4. B m3nbIHeHAe HA MHPBHSA 3aKOH 3a OrpaHAYaBaHe HA BPeIHOTO Bh3JeiicTBHE
BbPXY OKOJHATA Cpela, ca pa3padoTeHH HANHOHAJIHH HPOIPAMHH JOKYMEHTH
HHCTPYMEHTH 3a NPH/JIaraHe Ha 3aKOHOJATE/ICTBOTO B CEKTOPA.
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NUCLEIC ACID THERAPEUTICS BASED ON NOVEL PDMAEMA-POEGMA BLOCK COPOLYMERS
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INTRODUCTION

A wide range of polycations have been investigated for delivery of therapeutic genes. Among them
polyethyleneimine (PEl), poly(L-lysine) (PLL) and poly(2-dimethylamino)ethyl methacrylate) (PDMAEMA)
are the most studied polymers. The main disadvantage of the polycations, however, is their high toxicity
limiting their practical use. A commonly used strategy to overcome this disadvantage is the conjugation of
polycations with biocompatible moieties resulting in reduction of the cytotoxicity.

The aim of this study is to investigate novel copolymers based on PDMAEMA and poly(oligoethylene
glycol methacrylate) (POEGMA) as gene delivery vector systems. POEGMA is a biocompatible, water
soluble polymer, competing poly(ethylene glycol) in the recent years, which can also add stealth properties
and colloidal stability of the systems. DNA /polymer complexes were prepared and studied under various
environmental conditions (temperature, pH, ionic strength etc.) in terms of structure and stability. The
cytotoxicity of the resulting nucleic acid therapeutics was evaluated as well.

COMPLEXATION WITH DNA

acad. G. Bonchev st bl.103A, Sofia 1113, Bulgaria
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u Ave., 116 35 Athens, Greece
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POLYMER STRUCTURES AND CHARACTERISTICS
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Analytical ultracentrifugation data
Copolymer N/P M, x 10° D*x 107 S* x 10'2
ratio (g/mol) (em?/s) (s)
PDMAEMA- 2 3.94 2.5 6.75
POEGMA 4 2.80 2.09 579
6 1.57 3.57 5.42
QPDMAEMA- 2 64.0 611 2.92
POEGMA 4 57.0 426 2.69
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CYTOTOXICITY | CONCLUSION
150 | The results revealed that the novel copolymer based on PDMAEMA was able to condense DNA into nanosized
~® PDMAEMA-POEGMA 7 & i % - A R .
N QPDMAEMA-POEGMA ‘ polyplex particles with dimensions around 25 nm. The corresponding quaternized copolymer exhibited better complexation
H with DNA as evident from the ethidium bromide quenching assay, yielding particles of slightly larger dimensions (around 35
3 2 nm). According to the analytical ultracentrifugation analysis, the polyplexes based on quaternized copolymer were of
2 ‘I’ H1299 cells considerably larger molar mass thus proving ifs stronger binding ability compared to PDMAEMA-POEGMA. TEM
: observations revealed entirely spherical in shape particles. The enviro | changes si g different physiological
® I conditions , hardly influenced the physicochemical parameters of the polyplexes. Only the presence of salts, however,
significantly influence the {-potential of the particles that changed from positive to negative valves. Cytotoxicity
3 2 B 0 1 2 investigations showed high cell viability indicating that the systems were not toxic and suitable for application.

Log of DNA concentration [ug/mi]
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INTRODUCTION

Among the many different nanostructures that are used in biomedicine, branched (star) polymers stand out because of their unique architecture and
wide-ranging applications. Star-shaped polymers containing carbohydrate moieties can mimic different bio-recognition properties of biopolymers.

The aim of the present project is to implement a new strategy for the preparation of phosphorus-containing glycopolymers with a glucose residue via
the Staudinger reaction for the first time for the obtaining of star-shaped glycopolymers. Later, their specific interactions with lectins will also be
investigated to demonstrate their potential use in the development of vaccines and drugs fighting diseases such as Alzheimer's, HIV and cancer.

METHODS PROCEDURE

* The polymer oligo(oxyethylene H-phosphonate) (OEHP) (A) was synthesized via a
reaction of dimethyl H-phosphonate and poly(ethylene glycol) (PEG 600).

SPRPS PR | 3

* The star-shaped polymer (B) (PSP) was synthesized via a reaction between 4 and
tris(2,3-epoxypropyl)isocyanurate using a catalyst - Boron Trifluoride Diethyl
Etherate at r.t. for 48 h under Ar-atmosphere.

* The P-containing star-shaped glycopolymer (phosphoramidate) (PSGP) was
obtained via Staudinger reaction between the silylated star-shaped polymer and
a sugar azide.

The structures of the compounds were studied by NMR (*H, *3C and 3'P)
spectroscopy.

The star-shaped glycopolymers were characterized by DLS and AUC.

RESULTS

NMR-RESULTS:

Table 1: Molecular mass calculations for POEHP
and PSGP according to NMR-results.

Fig.1: #'P{H} and 13C {H} NMR of OEHP.
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AUC-RESULTS:

e
i n ('p), M, (*H), M, (*'P), 104 |
Pol; - 2
|/ OEHP 2 3 2606 2
(i) 5 5 <
‘ ) B PSP 6120 8118 2
| ‘T | PSGP 6 9 7075* 8672*
* Without the hydrolyzed part \

4 6 8 10 12
sedimentation coefficient (S)

006 ho

2-010
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62 64 65 68 7
redius (con)

Fig.5: Sedimentation velocity results from
AUC for PSGP in Tris-HCl buffer at pH 7.5,
20°Cand 30000 rpm.
Table 3: AUC-measurements of a star-shaped
glycopolymer;, c=1 mg/ml in TRIS-HCI 7.5,

- volume of PSGP with c¢=1.2 mg ml in Tris-HCl buffer with
: pH 7.5,at 20 °C

{ Table 2: DLS-measurements of PSGP, c=1.2

mg/ml in TRIS-HC1 7.5

[ veasurements | Resuis __| sbee=0. s
b, um 817006
s oG BGRLISS A) Zeta Potential, mV (PALS) -345+050 Molecular weight, M,, (kDa) 15.007
Fig.3: 31P{H} and *C{H} NMR of PSGP after dialysis. Mobility, (1/s)/(V/cm) -0.27 +0.04 Sedimentation coefficient, s,, (S) 1.098

CONCLUSION

« For the first time the synthesis of P-containing star-shaped glycoconjugate via Staudinger reaction is described.

* The structure of the obtained oxyethylene H-phosphonate, the P-containing star-shaped polymer and the phosphorous star-shaped glycoconjugate was
proved by 'H and 3!P NMR spectroscopy and confirmed by AUC.

* The particle size of the synthesized polymer was determined by DLS.
* The results are encouraging for further investigations on the clustering and bio-recognition properties of the synthesized carbohydrate-

polyphosphoramidate-star-shaped polymer. I
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o SN INTRODUCTION
Genes are the builm]gbblbcks of the gnetic.ﬁmgram Gene therapy has become one of the biggest scientific breakthroughs of the 21% century. The concept of gene therapy
consists of modifying and repairing the genetic structure, which offers new methods of treating genetic diseases. It has been established that polyethyleneimine (PEI) binds perfectly
with DNA, labeling it “the gold dard” among transfection agents, but its high toxicity imposes limitations for biological uses. Poly(2-oxazoline)s (POx) are biocompatible polymers

\
N\ \\ \Ihs'((u!e of Polymers, Bulgarian Academy of Sciences, Sofia 1113, Bulgaria

that have received signi for biomedical applications in the recent years. They are also known as precursors for the synthesis of PEI by hydrolysis. Therefore the use of
partially hydrolyzed POx gene ¢ delivery is of great research interest.
The aim of this work is to study how the parameters such as alkyl side chain, molar mass and polycation content of partially hydrolyzed POX i the physicochemical
and biological characteristics of the rem'ltmg gene delivery carriers. Copolymers differing by composition, degree of polymerization, and degree of hydrolysns are used.
»
‘Qm Polymer Alkyl side chain Molar mass, g/mol DP PEI content, %
g PMetOx-PEI methyl 3400 50 a1
AM‘ PMetOx-PEI methyl 2800 50 60
> @ PMetOx-PEI methyl 2200 50 95
e PMetOx-PEI methyl 12100 200 63
o
¢ PQOx-PEL PEtOx-PEO ethyl 17000 195 37
® ‘ PnPrOx-PEI propyl 15000 75 10
POLYCATION CONTENT
ooupe
. BPEII. 1 '% PEI' N ﬁ\\ \ -y PMeOx, PEI 95% . ALKYL SIDE CHAIN
e
. % The presence of different alkyl res:due in the POx backbone influenced the
o hysi of the Whereas the size of particles was not
200 g mﬂuenced by the 'N/P ratio for the systems based on PMeOx, for those based on PEtOx a
5_ i o g slight increase in size was detected. A sharp increase was observed at the highest N/P ratio
o H for PnPrOx.
1% 232 The zeta potential of the systems based on PEtOx and PnPrOx was strongly negative
50 l and was hardly influenced by the N/P ratio. In strong contrast, that of PMeOx systems
changed from negative to positive values upon increasing N/P.
2 i 8 P It was found that the cytoxicity of the sy was reduced by changing the alkyl side
chain of the POx in the order methyl-ethyl-propyl.
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Gene delivery systems based on a set of partially hydrolyzed POx differing
considerably the properties and possibly the performance of the copolymers as gene stems.
The investigated POx based gene carriers are of great potential for success A d%y

polymer chain structure, composition and molar mass.
Ncmean This work na

nded by the National S gighce Fund (Bulgaria) }l DN19.8.



Ozone decomposition and removal of Malachite
Green dye using Ce-Mn oxides catalyst
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AIM

PREPARATION

and then calcination.

[ Preparation of Ce-Mn oxides catalyst using Pluronic-assisted co-precipitation

[ To study the phase composition and structure of the synthesized catalyst.
UInvestigations of catalytic ability of synthesized Ce-Mn oxides material for
ozone decomposition and degradation of Malachite Green dye.

RESULTS

20, dsgrees

PXRD pattern of Ce-Mn oxides sample
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Concentration changes of MG dye based on
changes in the intensity of the maximal
absorbance peak at 615 nm with the course
of time.

The Ce-Mn oxides catalyst was prepared using iitial materials 0.09M aqueous solutions of
Ce(NO;);.6H,0 (Alfa Aesar) and Mn(NO,),. 4H,O (Alfa Aesar) mixed in ratio 1:1 at constant stirring
for 10 minutes. The 5g tr-block copolymer Pluronic P123 (Sigma-Aldrich, Mw=5800) was dissolved
in 50 ml destilled water at constant stirring for 1 hour and added to the mixture of nitrate precursors.
The obtamned mixture from nitrate precursors and Pluronic P123 was stirred for 10 minutes. The
precipitant 2M NaOH (Valerus Co.) was added drop by drop in the mixture of aqueous solutions of
nitrate precursors and Pluronic P123 until pH reached 11 at continuous stirring. After co-precipitation
the suspension was stirred for one hour. The precipitate was filtered and washed with distilled water
several times. The obtained precipitate were dried at 35°C and calcined at 500°C for 4 hours in air
media. The physicochemical characterization of the prepared catalyst was performed by PXRD
analysis and FTIR spectroscopy.

Absorbance, a.u

wn | dm | Xm0 a0 w0 6o s
Wavenumbers, cm’

FTIR spectrum of prepared Ce-Mn oxides sample.
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Degree of degradation of MG dye after 120
minutes of UV illumination.

Ce-Mn oxides sample.

OZONE DECOMPOSITION

The ozone conversion has been studied by momnitoring of change on the ozone
concentration. The experiment was carried out i tubular glass reactor filled with 0.15g
catalyst. The ozone concentration at the reactor inlet and outlet were measured
spectrophotometrically by BMT model 964 ozone analyzer. The conversion of ozone
was determined using the dependence: ((Ci—C)/Cy)x100, where C, is initial
concentration of ozone and C is every next concentration in the reaction for selected
time interval.

PHOTOCATALYTIC TESTS

The photocatalytic investigations about degradation of Malachite Green (MG) as model
contaminant (5 ppm aqueous solution of dye), using Ce-Mn oxides material or Ce-Mn
oxides catalyst after ozone decomposition under UV-A illumination (18 W) were carried
out. The photocatalytic experiments were carried out in semi-batch slurry reactor using
0.15 g photocatalyst suspended in 150ml of dye solution under constant stirring and air
flowing. To reach adsorption-desorption equilibrium state the studied systems were left
in the dark for about 30 min before switching on the UV irradiation for 2 hours. The
powder was separated from the aliquot solution by centnifugation. After that the change
of absorbance during the photocatalytic tests was monitored by UV-Vis absorbance
spectrophotometer UV-1600PC i the wavelength range from 200 to 800 nm (Amax =
615 nm).

The degree of dye degradation was calculated using the dependence: ((C;—C)/C)x100,
where C; and C were imtial concentration before turning on the illumination and
residual concentration of the dye solution after illumination for selected time interval.

1-Ce-Mn oxides (used after ozone d position);
2- Ce-Mn oxides

CONCLUSIONS

» The ozone conversion over Ce-Mn oxides catalyst was reached about 73% at 4 minutes from the start of the reaction.
» The tested photocatalyst Ce-Mn oxides (after ozone decomposition) shows the higher degree of degradation of Malachite
Green dye (62%) compared to that over Ce-Mn oxides sample (30%).
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Introduction

Polymeric nanocapsules are widely used in medicine and pharmacy as bioreactors or as drug delivery vehicles. In our previous work! we have shown the preparation of
polymeric nanocapsules by an innovative and simple method, which comprises formation of thermoresponsive polymeric core-template, followed by construction of a cross-
linked polymeric shell on the surface of the obtained core-template. This approach gives the opportunity for further functionalization and/or decoration of the capsule
surface to impart certain functions®.

In this contribution we demonstrate an advanced approach to create polymeric nanocapsules decorated with shell of oligonucleotides (ODNs). Resembling the

chmre of spherical nucleic acids, this will give the opportunity to obtain a powerful tool in gene delivery. j

/ Step1 Step IT SepIll . Strategy \

The strategy for nanocapsules preparation involve three steps:

Seeded radical Seeded radical 1. Formation of mesoglobules (MSGs) from poly(methoxydiethyleneglycol
cwmﬁos copolymenzauon methacrylate), PDEGMA, serving as core-templates.
2. Coating of templates with a cross-linked polymer shell formed by pseudo-seeded
NIPAM, BIS ODNS NIPAM, BIS radical polymerization of N-isopropylacrylamide in the presence of a cross-
65%, 30k 652GAh linking agent.
3. Decoration of capsules surface with 5 TAATACGACTCACTATAGGG
. / \ sequence. The ODN’s was functionalized by methacrylamide end group.
MSGs Polymeric capsules Polymeric capsules
\Eepaxation containing MSGs Decorated with ODNs /
/ - T s of GONs Size and zeta potential
A in presence of ODNs. Bl
. { PDEGMA MSGs were formed by nanoprecipitation method. The resulting
22 | termoresponsive particles were with R, of 50 nm and narrow size distribution. Based on our R
L | | previous experience, the shell thickness was controlled by the initiator to monomer molar z
g o ‘ ratio and was fixed to 30 nm. The indication for successful coating of MSGs was the increase g e
= of particle size up to 158 nm, which was in good with the predicted value. The 3

&

x { | | \ decoration of capsule surface with ODNss result an additional slight increase in particle size.
g\ The presence of ODNs on the capsule surface was proved by the zeta potential analysis. As

evident after addition of strongly negative DNA sequences the value became more negative. in absence  prosence

/
]
:

Static and dynamic light scattering

Multiangle light scattering was used in order to obtain

000124.| in abscence of ODNs ) 20001 in absence of ODNs e information about hydrodynamic radii, Ry, and radii of gyration,
000120 - ’,-' 1500 pr 2 R,/R, =101 R,, of the polyplex particles.
e P 2 % >l R, was obtained from the angular dependence of the
P _ 1000 P quantity (1/Isin6)!/2 by the partial Berry plot method. The
neni i : = < obtained values for capsules in the absence and in the presence
0,00108 i 500 /," of ODNs were 49,4 nm and 853 nm, respectively.
000104 ,,,«") o The diffusion coefficients, D, of polyplex particles were
e R, =494 nm o “ R, = 49,1 nm determined from the slopes of the linear fit of the data plotted
R R . I e T W 00 02 04 06 o8 10 as relaxation rate () vs. sin?(6/2) and the values were used to
@ (nm)? sin%8i2 calculate the hydrodynamic radii R, by the Stokes—Einstein
equation:
0.007. in presence of ODNs 000, in presence of ODNs
o - . - e o
0,0014 ., 01 » & The calculated radii were in very good agreement with
00013 o ¥ "o g > those measured at an angle of 90° .
00012 Tl = 1000 Pl The combination of Ry, and R yielded the quantity
00011 . wio] ’,,"' R,/Ry, which provided information about the particle density,
00010 b4 v d N structure, and morphology. The ratios calculated were around 1
o i R, =8530m i 6 Ry =792nm implying spherical morphology of capsules before and after
2 4 6 & ::)J 00 120 140 00 02 ‘;‘n’en o6 08 10 decoration with ODNs.
/ UV absorption \ / TEM micrograph
104 — pure ODNs The morphology of nanocapsules decorated with ODNs was confirmed by
The pure ODNs exhibit — in absence of ODNs TEM analysis. The micrographs revealed spherical in shape particles with diameters
08 in presence of ODNs

characteristic UV absorption band at 240
nm. UV absorption spectra were taken at
each stage of the procedure. The
appearance of the signal corresponding
to ODNs sequences after reaction

of about 150-200 nm. This observation was in very good agreement with the light
scattering data.

indicate successful decoration of the
nanocapsules surface.

( Conclusions A
v A new strategy for preparation of polymeric nanocapsules decorated with ODNis resembling the structure of spherical nucleic acids was demonstrated.
v’ The obtained nanocapsules were visualized by transmission electron microscopy and their dimensions were determined by static and dynamic light scattering,
v’ It was shown that the particles were small in size (around 150 nm) and spherical in shape.
v’ The presence of ODNs short sequences on the nanocapsules surface was proved by UV absorption and zeta potential analysis.
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PE3IOME

AHAIAILT Ha PHCKa oT
XHMHYHH 3JAMBpPCHTETH B
XpaHH H  MaTepHaIH H
TIpeIMeTH, BIH3AMNIA B KOHTAKT
¢ XpaHH HO3BOJSIBA 1a Obaar
nmoapeaeHn NOTeHIHATHHTE
PHCKOBe B elHa CHCTeMa H Ha
0a3a HA BLIMOAKHHTE HIETH HpH
pe H3alHHA Ha Te3H PHCKOBE,
Ja ce B3eMAT HeodXoIMMHTe
MepKH 3a cHrypHoctra. Chuexn
KaTo pHCKOBeTe
HIeH ]l‘]l]]ll]pﬂl—[ﬂ H ca
onpeae/1eHH EBEH JTHHTE
nocleHIH OT TAX 3amovuBa
nponechT Ha YNpaB/ieHHe Ha
Vnpasnennero  Ha
NpelcTaBIsBa  Npomec
IABAHE HA PHCKA 10
HHBO;
npexBLp/IAHE Ha
ApYrH  cy0eKTH; OTXBBpJsiHE
HJIH NpHeMaHe Ha PHCKa.

PHCKa Ha

Ileara HA HACTOSIIHS
MaTepHaJ € Jda ce NpeacTaBsAT
OCHOBHHTe CTBIKH npH
OIleHKaTa Ha pHCKa mo
OTHOLIEHHE HA MAaTepHAIH H
npeIMeTH, NpelHAIHAYEHH 1a
BIH3AT B KOHTAKT € XpaHH

Materials-

KOHTAKTH

Aape
n.k. 1618, rp.
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OueHka Ha pHCKa 32 MaTePHAJIH H NPeIMeTH,
NpeAHa3HA4YeHH 32 KOHTAKT ¢ XPaHH

a-p uux, Cuexxana Togoposa
Ht‘l{'l"bp 33 OI€HKA Ha PACKA 110 XpaHATEJIHATa BEPpUTa, \Y K

BbLBEJIEHHE

O]'IH.KI)BKHTB, KOHTO H3NOJIIBAME B
HAlleTO e/KeTHeBHe, HIPAAT BaXHa
poaf 3a KauecTBOTO Ha XPaHHTETHHTe
OPOAYKTH, KATO OCHI'YPABAT NOCTOSAHHA
3AINHTA HA XpAaHHTE 0T 3A00HKAIAWATA
IH CpeJa, a TAKA CLINO H 0T XHMHYECKH
H It)l‘llili‘leCK]‘l 3aMBpPCHTE/IH.

lel NPOH3BO/ICTBO HA MATEPHAIH B
KOHTAKT ¢ XpaHH, TpsabBa xa ce
H3MOM3BAT CAMO MaTepHadH M
npeaMeTH, KOHTO NPH ChbXpaHeHHe H
ynorpeda He OTAeIAT B XpaHATa
CBCTABKH B KOJIHYECTBA, OPraHM3bM, HII0KEH HA TO3H ATeHT.
NpeACTABISIBALNE  ONACHOCT 33 PHCK € BEPOATHOCT 0T Hefaaronpusren epexr
YOBENIKOTO 3/IpaBe, a TAaKa ChII0 H B €IHH  ODraHH3LM, NpPHYHHEH  NpH
He NPOMeHSIT HeHHHAT BLHIIEH BHJ, eKCHO3HIAS KbM JaieH XHMHUECKH areHT.
MHPHC, BKYC H ChCTaB.

H3sicasiBaHe Ha PALIHKATA MeAY NOHATHATA
»PHCK® H ,omacHoCT*

OnacHocTTa € XapaKTepHo CBOICTBO 3a Ja/1eH
XHMHYECKH areHT, KofiTo HMa MOTeHIHAT Aa
NPHUAHH  OTpHOATedeH e(eKT B  eIHH

I. OcunoBHR
pucka (Purypa 1)

1. Onenka na pucka (Purypa 2)

- HaenTHdHKAINA HA ONACHOCT

- XapaKTepHCTHKA HA ONACHOCT

- OneHKa Ha eKCIO3HIHATA

- XapakTepHCTHKA HA PHCKa

2. Yopap/leHHe Ha PHCKA — BleMaHe Ha
MepKH, H300p Ha BB3MOKHOCTH 3a
TpeBeHIHs 0 KOHTPOJ

3. KomyHHKaNHA HA pHCKA — 00MeH Ha
uadopmannsTa

CTBOKH B AHAJH3A Ha
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Parypa 2 Kengnamenrs a o wa s

buryps 1 Cuesameeso mpescrasieme 2 Amams 52 pmcss

OCHOBHH CTBIKH IpH OIlCHKATA HA PHCKA 3a MATepHAJIATEe H NPeJIMeTH,

NnpeaHasHaueHn 3a KOHTAKT ¢ XpaHHu
HckaHe 3a cTaHOBHINE (0 o(HIHA/ICH NBT)

1ETAII —

IenThpPBT 3a oueHka Ha pucka no xpanureanara sepura (I[IOPXB) m3pbpmiBa Hayuna oneHKa Ha PHCKA, YPe3 HE3ABHCHM,
Hpo3pa‘ieH H BE]HIJHCTI)H.CTE[I AHAJIH3 Ha Hay'1Ha HH*OPMHHB’[ no l'.lpl]GJ'lEM[l, KOHTO NIPAKO H/IH KOCBEHO 3aCHAraT 3IpaBeTOo Ha
xopata m :kuporHuTe. IIpm BB3EMKBaHe Ha mpodaem orHocHo FCM  chOTBeTHHTe KOMOETCHTHH OPraHH
(MHCTHTYINH/MHHHCTepCTBA/areHInN/opragmanan) muckaT or IJOPXB m3roTefiHe Ha cTaHOBHINe, KoeTo TpAOBa 1aa
TOCIY/KH 32 BIeMeHe HA PelieHne 34 ynpap/JieHne Ha pUCKOBeTe 0 XPAHHTEANATA Bepura,

IIpoBepka NpH oneHKaTa Ha pucka 3a FCM

2ETATL | —

Mhuoro BazeH eTan npu oneHkara Ha pucka 3a FCM e npoBexiane Ha npoBepka 3a CbOTBETHOTO BEIIECTBO, KOETO TPHOBA 1a
obae onereno. [Ipoeepkara BRIOUBa:

- MpoBepKa NAJH BEIECTBOTO OTIOBAPH HA cHenHHYHATe HINCKBAHHA 32 AKTHBHATE H HHTEJHICHTHH MATePHAIH H
TpeAMeTH, NPeIHA3HAYECHH 32 KOHTAKT ¢ XPaHH;

- NpoBepKa 1aJH BellecTBOTO NONala B CNHCHKA Ha CyOCTAHIHHATE, paspellleHH 3a H3N0JI3BaHe NPH NponsBoacTBo Ha FCM,
KPHTepHS 32 HeroBaTa YHCTOTA H cnennduIHH YCI0BASA 34 HINOI3BAHETO HA CyDCTAHIHMATE H/AJIA MATEPHAJINTE H NPeIMeTHTe,
B KOHTO TO Ce H3I0/I3Ba;

- IPOBepKa 3a A0NYCTHMHTe IPANALH Ha criennduIHa B 06112 MATPAlHs HA BeIIeCTBOTO;

- NpoBepKa JAJH €A claleHH HIHCKBAHHATA 32 eTHKeTHPaHe H HAHHA, N0 KOHTo ce 03HAYABA.

Ioxesna nudopmanns npn omeHkata Ha pucka 3a FCM cayxn 6Gaszata nannn Ha EBpomeiickara KoMucHs 3a THX
(https://webgate.ec.europa.ew/foods_system/main/?event=substances.search&substances.pagination=1 ).

ThpceHe Ha HATH'MHATA HayIHA HHpOPMALIHH

JETAII e ——

ChIecTBeH eTal IPH OlleHKATA Ha pucka 3a FCM e T. map. m3caenoBat u eran. Toii BraouBa:

- HAy'eH AHAIH3 — Toii ce NpaBH HA §a3aTa HA HAMePeHATA HAYYHA HHMOPMAILHS 110 CHOTBETHHA HPoD/IeM, 3a KOIiTO ce H3TOTBS
CTAHOBHINETO OT I_IOPXB, 10 OTHOLI€HHE HA MAaTEPHAIH H NPEIMETH, BJITH3AIH B KOHTAKT ¢ XpaHH;

- HIyuaBaHe Ha CIHOdeIeHH B CleNHAJIHINPAHATA HAYYHA JHTepaTypaTa pe3yJTaTH, MHeHHH, OIHT, MeTOIH, Pe3yJITaTH OT
NpeIHIIHA H3CeIBAHH H ID.

CuOHPAHeTO/THPEEHETO HA HATHTHATA HAYTHA HEGOPMALAR NPH ONEHKATA HA PHCKA 34 FCM ¢é 0ChIIeCTBABA TOCPEICTBOM PASHOOSPAIHA H3TOTHINE, TAKHBA KATO:
-SCOPUS - Gubamorpadeka o pedpepupama Gaza xanman. (hitp: v h/form.uri?zone=TopNavBar&origin=searchbasic);

- ScienceDirect - e exHA 0T HAf-TOeMHETe OHIAINHE KOJeKIHHA B CBETA 34 NYOAHKYBAHA HAYTHH B3caeasamns (http://www.sciencedirect.com/);

- EURLex - nocTen a0 nparoto Ba Esponeiickns cbioz (http://eur-lex.europa.ew/homepage html?locale=bg );

- EFSA - Epponefickn opran mo Gesonacroct ma xpannate (hitps:/www.efsa.europa.en/ );

- ANSES - (Dpencka arenuns 0o §e300acHOCT HA XPARKTE, OKO.IHATA peaa 0 npodecHonanoTo 31pase (hitps://www.anses.fr/en );

- BfR - erepaten RECTHTYT 32 ONeAKA Ha PACKA, [eps (http://www.bfr.bund.de/en/home.html );
Eump(‘an Ci issi ~Ei p i (b europa.eu/food/saf {y_en );
RASFF Portal - cHcTeMa 38 $5P30 npeIynpestenne 1a xpann u dypaxn (https:/webgate.ec.europa.eu/rasf-wi portal/’? chForm&cleanSearch=1 );

- Ipyra miToHuLE.
OdpaboTBane, 06001 , AHATH3HpaHe
4ETAIIl

Caen kato 0b1aT CNAa3eHH BCHYKH €TAIIH NPH oleHKaTa Ha pucka 3a FCM, caeasa obpaborsane, ododmasane n anajninpane
HA JAHHATE, KOUTO ¢a ¢hOPAHH 32 CHOTBETHHSA KA3YC, 32 KOITO ¢ H3INCKBAHO H3roTBsAHEeTO Ha cranoBamero ot [IOPXB.
3akII0IHTeTHHAT eTan NpH oleHKaTa Ha pucka 3a FCM, BkiaiovuBa H3roTBfine Ha cranoBHmie oT crpana Ha IJOPXB, koeto
3a0b/UKATETHO TPAGBA Ja BKIWYBA 3aKII0MeHHs, NPENoOPLKH H HACOKH, M0 ChOTBETHHA NpodieM, 3a KoiiTo ce mipaboTBa
craHoBHmeTo. Chmo Taka, IleHTHPBLT 32 OleHKA HA PHCKA MOKe Ja HPeLIokH H300D HA BLIMOKHOCTH 32 NPEBeHUNH H
KOHTPOJL.



aug Ha Mg(aunquum cBOMGHEa

KeuoyTupar)
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I70nu(3-xu0poxcu6ymupambm) (MNX6) e Mnorooﬁemaaam xuapodgrobeH ¥ TepmMonnacTM4eH NnonMmep
C (DM3WYHW CBOMCTBA, NOAOOHM C Te3W Ha NONUNPONMNEHa, HO 3a Pa3NMKa OT HEro € HambiHO
Ouopa3srpagum. Bucokara My cTeneH Ha KpMcTanHocTt obaye, oOycnaBa noWMTE MYy MEXaHW4HM
CBOMCTBAa — TOH € KpexXbK ¥ TBbp/l, KOETO OrpaHW4yaBa NoTeHUManHUTe My NpUnoxeHuna. GoKyCchbT Ha
HacTOALETO M3CnefBaHe € HacoYeH KbM M3cneflBaHe Ha BbL3MOXHOCTUTE 3a nofgoOpABaHe Ha
(DU3MKOMEXaHWYHWUTE CBOMCTBA Ha enexrpooanameuu matepuanu ot MNX6.

N T T YT

allPa
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B 3aknroveHue, BUALT Ha KONEKTOpa OKa3Ba BAMAHWE BLPXY NogpefeHoCcTTa Ha BnakHata U BbpXy
MEXaHW4YHWTE CBOWCTBA Ha nony4enute NXB matepuanwu, a yBenW4aBaHETO Ha CKOpPOCTTa My Ha
BbpTeHe BOAM A0 nofoOpsABaHe Ha MeXaHWYHWTE WM CBOWCTBa. lpu TOBa, NpU eaHa W Chblla
CKOPOCT Ha BbLPTEHe Ha Konektopa, NpoOHMTe Tena, M3pA3aHM NO MNOCOKa Ha BLPTEHETO Ha
Konextopa (0°), nokasear no-4o0pu MEXaHW4YHHU NoKa3aTenu CNpAMO Te3u, U3pa3aHu npu 90°.

manolova@polymer.bas.bg ( - ', Bnazodaprocm: Aesmopume uzkazeam ceonama 6nazodapHocm
stoilova@polymer.bas. bg ‘g_ — EOCTTRAI A Ha ©®HH (Jozosop [JH 09/2) 3a puxarcosama nodxpena.
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/”""\\ Preparation and antitumor activities of cellulose acetate I:.j}
i membranes decorated with curcumin-PVP particles ROAVMERY

N 1809_/'. /
Petya Tsekova', Mariya Spasova', Ani Georgieva?, Nevena Manolova', lliya Rashkov' and Reneta Toshkova?
Laboratory of Bioactive Polymers, Institute of Polymers, Bulgarian Academy of Sciences, bl. 103A, BG-1113 Sofia, Bulgaria,
2Institute of Microbiology, Bulgarian Academy of Sciences, Acad. G. Bonchev St, bl. 26, BG-1113 Sofia, Bulgaria

Curcumin (Curc) is a naturally occurring polyphenolic compound with anti-inflammatory, antibacterial and antitumor
activity. The AIM of the present study was to prepare and to characterize novel materials consisted of electrospun fibers
from cellulose acetate (CA) with electrosprayed Curc/polyvinylpyrrolidone (Curc/PVP) particles with antitumor activity. The
obtained fibrous mats exhibited high in vitro cytotoxicity towards HeLa tumor cells [1,2].

Cellulose acetate (CA) Polyvinylpyrrolidone (PVP) ’
Mn 30 000 g/mol Mr=24 000 g/mol (K-25) Curcumin (Curc)

0 5 (0] o
0 Ho Py N (0] - X
peovall "

HO
o= no 0 H

Bl_d dable. bi tibl n Natural p d with antioxid: antibacterial, antitumor activity
lodegradable, biocompatible,
’ nontoxic 4 Biocompatible, nontoxic

Curc/PVP

SEM micrographs
(1) Curc/PVP-on-CA (2) Curc/PVP-on-CA (3) Curc/PVP-on-CA

CA

mat type 1 mat type 2 mat type 3
0 ’ - -

(1) Curc/PVP (5wt%) in
acetone/water (70/30 v/v) -
type 1;
(2) Curc/PVP (5wt%) in
f 5 ethanol/acetone (50/50 v/v) -
Giiper = 780+110/nm type 2;
Hpanicife 10602220 nm (3) Curc/PVP (8wt%) in

Ban2SOKU 202E3 183781 SE acetone/water (70/30 v/v) -
type 3.

-
o
=3

Effect of mats on HeLa tumor cells
after 24 (A) and 48 h (B) of
incubation with different
formulations: Control — untreated
Hela cells; CA mat (0); Curc/PVP-
on-CA mat (type 1) (1); Curc/PVP-
on-CA mat (type 2) (2); Curc/PVP-
on-CA mat (type 3) (3) ; Curc-in-CA
mat (4); Curc powder (148, 74 and
37 uM/L); **p < 0.001.

80

60

40

Cell viability (%)
Cell viability (%)

20

Fluorescence images of HeLa
cells stained with DAPI:

A. Control — untreated HeLa cells;
B. Curc/PVP-on-CA mat (type 3);
CD: cell division; N: nuclei with

smooth edges and evenly

distributed chromatin; F:
fragmentation of the nuclei and
formation of apoptotic bodies.

Conclusion. The obtained results suggest that the novel Curc/PVP-on-CA mats have the potential to
be used for local delivery and release of antitumor compound Curc directly at the tumor site.

References: [1] Tsekova P., Spasova, M., Manolova, N., Rashkoy, I., Markova, N., Georgieva A, Toshkova R. , Journal of
Materials Science, 29 (2018).
[2] P. Tsekova, M. Spasova, N. Manolova, N. Markova, |. Rashkov , Mater. Sci. Eng. C, 73 (2017) 206-214.

- Acknowledgement: The authors thank the National Science Fund of Bulgaria for the financial support -
(Grant number DFNI-T02/1-2014).
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PREPARATION AND CHARACTERIZATION OF CELLULOSE ACETATE/POLYETHYLENE
F GLYCOL FIBROUS MATERIALS BY ELECTROSPINNING

tees:  Orhan Mola'2, Mariya Spasova', Petya Tsekova', N. Manolova', lliya Rashkov! (,l‘ll
o

1L aboratory of Bioactive Polymers, Institute of Polymers, Bulgarian Academy of Sciences,
Acad. G. Bonchev St, bl. 103A, Sofia, Bulgaria
2Technical University - Sofia, 1000, 8 KI. Ohridski Blvd, Sofia, Bulgaria

Cellulose is the most abundant naturally occurring polysaccharide. Cellulose can be converted upon
acetylation to cellulose acetate. The advantages of the resultant cellulose acetate is that it could be easily
dissolved or melt and could be shaped into fibers, films, sheets, tubes, pellets or other products. In recent
decades, great attention has been paid to fibers from cellulose and cellulose derivatives due to their low cost,
lightweight, easy processing, biodegradability, good mechanical and barrier properties and recycling [1,2].
In the recent years, electrospinning has emerged as a very suitable technique for preparation of nano- and microfibrous
polymeric materials. The aim of the present study was to find the conditions for the preparation of nano- and microfibrous

materials from cellulose acetate (CA) and polyethylene glycol.

Electrospinning setup

High voltage Cellulose acetate (CA)
power supply u“mm Nano- 30 000 g/mol Polyethylene glycol
= B . \ microfibers [ 0o 1 (PEG)
=" M CH; 1,900-2,200 g/mol

2 ot
HO 5 Ow H nOH

CH, \ﬂ/ Non-toxic

'’ \ ‘
L 0 n and
m | ' Collector Biodegradable and

biocompatible
Pump biocompatible .

SEM m|crographs of CA fibers SEM mlcrographs of CA and CA/PEG fibers

o

IR-Spectra Contact angle

e S W= N A ““ " l‘-_i.\ CA fibers CA/PEG fibers

Transmittance, a.u.

Transmittance, a.u.

120.8°%3.0°

CA fibers - CA/PEG fibers
T S T I e e N " Tl "p S A A
: o 4 ' = Wavenumber, cm*!

Wavenumber, cm*!
Conclusion Suitable conditions for the preparation of CA fibers were found. Defect-free fibers from CA were obtained using polymer

concentration - 10 wt%, applied voltage - 25 kV, distance from the tip to collector - 15 cm and feeding rate — 3 mi/h. The mean
fiber diameter of the CA fibers was 780 nm. The incorporation of the water-soluble polymer PEG resulted in decrease of the mean fiber diameter (530 nm)

and imparted hydrophilicity to the obtained fibrous materials.
Acknowledgement: Financial support from the Bilateral grant agr Bulgarian A y of

(BAS-VAST) is kindly acknowledged.
References: [1] P. Tsekova, M. Spasova, N. Manolova, N. Markova, |. Rashkov, Materials Science & Engineering C, 73 (2017) 206.

[2] P. Tsekova, M. Spasova, N. Manolova, |. Rashkov, N. Markova, A. Georgieva, R. Toshkova, Journal of Materials Science, 29 (2018) 9.

and Vi Academy of Sci and Technology
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=2 HaHopa3mepHu nonmMmepHu CTPYyKTypu, o6pa3yBaHu oT AUGI0KOBM
POIVMERE CBNONMMMEPU Ha OCHOBATa HA NOMNU(anNUIrMUUMAUIIOB eTep) U

nonurnuuuaon BbLB BoAa
M. Buauanosa!?, C. Panrenos!, C.Typmanosa *

m.a.valchanova@abv.bg

’anmumym no nonumepu, Bvazapcka akademusn Ha Hay Co¢u}l

2K “Texi , Mamepuanu u mamepuanosnanue”,
Daxynmem no maxnuuecml Hayxu, Yuueepcumem “Ilpogh. 0-p Acen 3namapos” zp. Bypzac

Hacrosmara paGoTta mmemd Hsc Ha TO BB BOJHH pa3TBOPH Ha CHHTE3Hp B Mp paboTa HOBH JHOJOKOBH CBHIOMHMEpH Ha
uomr(amummlum]mon e'rep) H NOTHITTHIHMIAON. Kpai’n-urre CBIIOIMMEPH, MOIYyYeHH Ype3 aHHOHHA NOIHMEpH3aIHAg C OTBApsHE HA NPbCTEHA, clIex 0cBOOOK1aBaHe Ha
3aIIUTHATE eTOKCHETIVIOBH TPYIH, ChABPAAT ATIOBH H XIJIPOKCITHH TDPYIH, NPHJABANIN JaTeHTHA XHMHYeCKa (YHKIHMOHATHOCT, KAKTO H BHCHI ATKIIOB OCTAaTBK.
CaI10 puTe paT BbB BOJHH Pa3TBOPH M 0Opa3yBaT XHOPHIHH CTIPYKTYPH 4Ype3 ChacOIMHpaHe ¢ IHIHIHM Mojekymd. Kakro chmommmMepnre, Taka M
CaMOacoIMHPAINITE W ChaCOIHNPATNTE CTPYKTYPH MOTaT J1a OBaaT XHMIYeCKH Momld)mmpaml, C KOeTO CBOIICTBaTa HM MOTar Jia ce TIPOMEHAT paJNKamHO. Hpe}mmlcemn'e
Hay4YHH H3CIeABaHUA Ca 0cO0eHO BaKHU 3a MOC/IEBAIIUTE NPHIIOKCHHS Ha CBHIOIHMEPHTE 3a I10Iy4YaBaHE Ha uoqu)yﬂmmoﬂamm HAaHOpPa3MEpPHH HOCHTEIH C pasiHYHH

CTPYKTYpH B HAHOMEHIITHATA 1 TeHHATa Teparis

Cunres Ha 1u6a0K0BH chnoauvepn PAGE-PG |

A
Ctlz n;r{

ﬁ#@ G
(a il

CH;
PG mal % DPra PG Mn (PAGE-PG)
Mn(PAGE) = 4900 ("H SIMP & CDCl, )
25 16 7200
DP (PAGE) =44 ("H SIMP & CDCl,) 60 66 14500

(5 ; e

H
i»
fu

/ \ gt

o Crenen e 58 o

TTX ua PAGE H SIMP cnextip PAGE-PEEGE 8 CDCI, 'H SIMP cnextip PAGE-PG 8 CDCIy

CoiicTBa ura”)mrﬁmr)lconn' ci,lionﬁmépn PAGE-b-PG BLB bdnﬁu péﬁﬁbpﬁ

— §e—ns 5
- ! .- { N—-N I
I i . Hr s
g T L3 £ T L3 o - £ B PR T R e -7 F-=2
o am o gy Comcmrn g
C < CAC (C = 0.129 mg/mL); C>CAC (C= 1715 mg/ml
! onit) ¢ =pml Cy;-PAGE-PG, 60 %
o # A . . - . e
: . % - ramme ¥ TR .
; ¥ ’ ¢ e e
b o« o g o T T T ]
> Bl KL - oy Concerwon g - =
e, €1y PAGE PG, 25
%
Crnommmep CAC (mg/mL) Cunoammep du/de M, (g/mal) A R, (um) R, (am) R/R,
mL (mLmol/;
e § e Jmarpamn a Berry. H3aMepBanHATA ca NPOBEIeHN NPH
CirPAGE-PG, 25 % 0.006 Cy» PAGE PG, 25% 0.144 253.0x10°¢ 32107 1286 786 164 25°C B broBER AHANA30H oT 40 10 140°.
C,-PAGE-PG, 60 % 0161
C,; PAGE PG, 60 % 0142 37x10F 20x107 446 291 153
Ha npa Ha
PAGE-b- PG © 25% u 60 mol % CLTLPAANNE KA MOTMEINILION BHE BOIER PATTBOP
H3Boan
B Hacrosmara paGora e mnp p PHTEITHO HA BOJHH PAa3TBOPH HA cepHs JHONOKOBH CHIOIHMEPH HA MOMH(ATHWIIHIHIHIOR eTep)-6i-
TONHITHIHAON, CHABPAKANH XHApohoGeH OCTATEK, ¢ MOIHA Maca Ha Gnoka or momH(ammHIHIHIoB eTep) (Mn = 4900), choTBeTCTBAaIIa HA CTENEH Ha
NOMHMepH3aus 44 H HAPACTBAINO CHABPAKAHHE HA IOTHITHIHION (25 1 60 mol %). CenonmmepnTe CIOHTAHHO Cé PA3TBAPAT BBB BOJA KATO 0Opasysar CTAGHIHH JHCHEpPCHH B
TIOZIXOIANI KOHIEHTPAaHOoHeH HuTepBai. Onpenenenn ca CAC Ha jBata CBb) pa, KOHTO ce P; ¢ zBa nopsabKa. [TpoBeIeHo e IbJIHO OXapaKTepH3HpaHe Ha NONyueHHTe
arperatH upe3 JHHAMHYHO H CTaTHYHO CBETIOP i JlBata cb) pH o0pasy PHH YaCTHIIH, YHATO MO/THA Maca jocTura 70 253x10% g/mol. Yactuumre Ha
CB Pa C TO-BHCOKO ChHIH) HA TIOTHITHITHAON €A MO-MAJKH H ¢ MO-HHCKA MOJTHA Maca (3 7x108 g/mol). ChommmepuTe ca ofemaBali KaTo HOCHTETH Ha GHOTOTHIHO-
AKTHBHH BeIIeCTBa H ¢a MOIXOLANIH IIATGOpPMH 3a XH) )

pi 3a Ha HUX npun “NMpod. a-p Acen 3narapos” - Byprac (Mpoext HUX-405/2017)
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Poly(N,N-dimethylacrylamide) cryogels containing B-cyclodextrin i
moieties: Synthesis and loading of hydrophobic drugs :

L e

Laboratory of Functional and Nanostructured Polymers
Institute of Polymers, Bulgarian Academy of Sciences, Akad. Georgi Bonchev St. 1034, 1113 Sofia, Bulgaria

INTRODUCTION
Cryogels are gel matrices that are formed in moderately frozen solutions of monomeric or polymeric precursors. Cryogels typically
have interconnected macropores (or supermacropores), allowing unhindered diffusion of solutes of practically any size, as well as mass
transport of nano- and even microparticles. The unique structure of cryogels, in combination with their osmotic, chemical and mechanical

stability, makes them efficient carriers for the immobilization of biomolecules and cells.
This study aims at synthesis of macroporous cryogels based on poly(N,N-dimethylacrylamide) and B-cyclodextrin via photochemical

crosslinking and evaluation of their capacity for loading of the hydrophobic drug aripiprazole.

RESULTS AND DISCUSSION

Synthesis of B-CD-acrylate co-monomer

e A ETIgES i

B-CD-acrylate was synthesized by reacting f-CD with acryloyl
chloride in the presence of trimethylamine in DMF at RT.

0,0

546 244

§ 3ga b

!H-NMR spectrunm of -CD-acrylate

Based on peak integrals assigned to the f-CD protons at 5.00 ppm
to the vinyl protons at 6.00 — 6.4 ppm a degree of substitution equal

to three was calculated.

Synthesis of cryogels

1 cyclodextrin 3 acrylate N,N-dimethylacrylamide

Aqueous solution of B-CD-acrylate, N,N-dimethylacrylamide and
H,0, was frozen at — 20 °C and irradiated with UV light for 5 min..

Schematic representation of cryogel obtained

The combination of cryogenic treatment and photochemical
crosslinking resulted in formation of sponge-like cryogels
comprising large interconnected pores surrounded by thin walls.

Properties of cryogels

Gel fraction vs. f-CD-acrylate

content. CD-aerylate content.

2

Structural formula of Aripiprasole

This drug is used in the treatment of
schizophrenia and bipolar disorder.

Swelling Degree (SD) vs. -

N NF TN 1 A » l
e = [553

1-2.Physical absorption.

Elastic moduli vs. -CD- Elastic moduli vs. frequency
acrylate content. change.

Drug loading

’ : CA R
0000 N
0000 eTe] CeTe (BT

3-4.Cavity activation. 5-6.Washing in excess water.

CONCLUSION: Poly(N.N-dimethylacrylamide) cryogels containing B-cyclodextrin was synthesized via photochemical crosslinking in
frozen state. The increase of B-CD content in polymer network resulted in decreased SD and enhanced mechanical properties of cryogels. The
first drug loading experiments confirmed the formation of inclusion complex between aripiprazole and B-CD. Further experiments are needed

to optimize the drug release profile.
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Modeling the interfacial tension dependence on composition and stiffness of nonionic surfactants
on liquid-liquid interfaces

i X Hristina Popova', Andrey Milchev', Sergei A. Egorov?3

Unstitute of Physical Chemistry, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria
2Department of Chemistry, University of Virginia, Charlottesville, VA 22901, USA
3Leibniz-Institut fiir Polymerforschung, Institut Theorie der Polymere, Hohe Str. 6, 01069 Dresden, Germany

Introduction Surfactant architechtures used in this study Kremer-Grest (FENE+WCA) potential Lennard-Jones (LJ) potential
- ‘ between bonded monomers between nonbonded monomers
Adsorption and self-assembly of linear Linear homopolymer LA -
polymers on liquid-liquid interfaces is modeled | ' Alternating copolymer
in this work by means of extensive Molecular g @ @ @ @
Dynamics simulations. By varying the size,  Diblock copolymer 0000
concentration, stiffness, and composition it
(architecture) of nonionic surfactants, we Flexibility (rigidity) of surfactants
examine their impact on surface tension at the Bond-bending potential
phase boundary between two immiscible I

— U,n ‘ g. sz
e " LUu(’) 4s| )
i} 7 2|

L

u(r)/e

r,=2.50

liquids, e.g., “water” and “oil”. Surfactants are ]
taken as linear homopolymers or A-B- K-bending modulus (degreee of stiffness) e .
copolymers ~ with alternating or diblock ey r=2"c
composition and different compatibility with Y " |
regard to both liquids. r/c
15 = . r , . .
The surface tension y is calculated as the integral of pressure tensor anisotropy (il (s ol et ooy S o 2 profies of movsmel ;e fmentel
in the interface region [Irving & Kirkwood, J. Chem. Phys. 18, 817 (1950)]: B st g

normal component:  Py(z)=P,
tangential component : Po(z)=(P +P, )/2

Components P (z) of the full pressure tensor, due to pair and bending-
angle forces:

Po(z) = plz)ksT + PEF(z) + Pii(2)

Pr(7), Py(7) and its parts
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The surface tension y between two immiscible liquids, water (with N,,=2) and oil Variation of surface tension y with interface coverage Z for Variation of surface tension y with interface coverage = for surfactants of
(with Np), without surfactants, in dependence on the molecular weight of the oil Ny, flexible surfactants with different architecture and length N. length N=10 with different architecture and rigidity . The effect of different
at temperatute T=1. In the inset is shown the temperature dependence of the surface interaction strength between surfactants e is displayed in the inset.
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> In this work we have studied the impact of composition, molecular weight, concentration, and rigidity of surfactant
macromolecules on the surface tension at the interface between two immiscible liquids.

>It is found that a flexible alternating copolymer is the most efficient surfactant architecture in reducing the surface
tension between two immiscible liquids.

>The surface tension appears largely insensitive with respect to the chain length of alternating and homopolymer
surfactants while in the case of diblock surfactants there is a gradual increase in surface tension with chain length.
Our results suggest that the shortest diblock surfactants, similar to the alternating surfactants, appear also as the
most efficient ones in reducing surface tension.

>The surface tension steadily grows with increasing the rigidity of surfactant macromolecules whereby even the
efficiency of alternating surfactants is diminished too.

> Increasing the rigidity of homopolymer and diblock copolymer surfactants leads to the formation of surfactant rafts
or bundles at the liquid-liquid interface leaving large interfacial area devoid of surfactants and thus not effectively
reducing the surface tension.

>The surface tension between two immiscible liquids with low and high molecular weight, without surfactant
between them, grows and quickly reaches saturation upon increasing the molecular weight of the high molecular
weight (n-alkane) liquid. Growing temperature leads to a significant decrease of surface tension between two
immiscible liquids.

S S e T )

Side view and top view snapshots of rigid diblock surfactants of length N=10 with
stiffness k=15 and coverage £=2.25 at the interface between two immiscible liquids.
20,
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PHOTOCATALYTIC PROPERTIES OF CeQ,-ZnO
MATERIALS PREPARED BY PLURONIC-MODIFIED
PROCESS FOR DEGRADATION OF MALACHITE GREEN
DYE UNDER UV-LIGHT

Katerina Zaharieva?, Irina Stambolova?, Vladimir Blaskov?, Sasho Vassilev3, Silvia Dimovas, Ljubomir Dimitrov®

“nstitute of Catalysis, Bulgarian Academy of Sciences, "Acad. G. Bonchev” St., Bl.11, 1113 Sofia, Bulgaria

2Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences, “"Acad. G. Bonchev” St., Bl.11, 1113 Sofia, Bulgaria
JInstitute of Electrochemistry and Energy Systems, Bulgarian Academy of Sciences, "Acad. G. Bonchev” St., Bl. 10, 1113, Sofia, Bulgaria
4Institute of Polymers, Bulgarian Academy of Sciences, "Acad. G. Bonchev" St.,, Bl. 103A, 1113 Sofia, Bulgaria
SInstitute of Mineralogy and Crystallography “Acad. I. Kostov”, Bulgarian Academy of Sciences, “Acad. G. Bonchev” St., Bl.107, 1113 Sofia, Bulgaria

~ Study of photocatalytic efficiency of synthesized CeO,-ZnO samples for degradation of
Malachite Green dye from agueous solution under UV irradiation.

» Synthesis of CeO,-ZnO materials using Pluronic-assisted co-precipitation technique
followed by thermal treatment.

~ Physicochemical characterization of prepared samples.

RESULTS

SYNTHESIS

9

(0

The Ce0,-ZnO materials were synthesized using 0.09M aqueous solutions of
Ce(NO,),.6H,0 (Alfa Aesar) and Zn(NOQ,),.6H,0O (Valerus Co.) mixed in ratio 1:1 at
constant stirring for 10 minutes. The different amounts tri-block copolymer Pluronic P123
(Sigma-Aldrich, Mw=5800) — 2.5 and 5 g were dissolved in 50 ml destilled water at
constant stirring for 1 hour and added to the mixture of nitrate precursors. The obtained
mixture from nitrate precursors and Pluronic P123 was stired for 10 minutes. The
precipitant 2M NaOH (Valerus Co.) was added drop by drop in the mixture of aqueous
solutions of nitrate precursors and Pluronic P123 until pH reached 11 at continuous
stirring. After co-precipitation the suspension was stired for 30 minutes at room
temperature and one hour at 55°C. The precipitates were filtered and washed with
distilled water several times. The obtained precipitates were dried at 35°C and calcined
at 500°C for 5 hours in air atmosphere. The CeQ,-ZnO samples prepared using 2.5 and
5 g Pluronic P123 were labeled P 2.5 and P 5. Also the CeO,-ZnO referent sample was
prepared without the presence of Pluronic P123. The phase composition and structure of
the prepared samples were established by PXRD analysis and FTIR spectroscopy. _/

PHOTOCATALYTIC EXPERIMENTS

@

o)

The reaction of photocatalytic degradation of Malachite Green (MG) as model pollutant
(5 ppm aqueous solution of dye), using CeO,-ZnO as photocatalysts under UV-A
illumination (18 W) was performed. The photocatalytic tests were performed in semi-
batch slurry reactor using 0.15 g photocatalyst and 150ml of dye solution under constant
stiring and air flowing. To reach adsorption-desorption equilibrium state the studied
systems were left in the dark for about 30 min before switching on the UV irradiation for
2 hours. The powder was separated from the aliquot solution by centrifugation. After that
the change of absorbance during the photocatalytic tests was monitored by UV-Vis
absorbance spectrophotometer UV-1600PC in the wavelength range from 200 to 800
nm (Amax = 615 nm).

The degree of dye degradation was calculated using the dependence: ((C,—C)/C,)x100,
where C, and C were initial concentration before turning on the illumination and residual

concentration of the dye solution after illumination for selected time interval.

CONCLUSIONS

Ce0,-Zn0O

Ce0,-Zn0 (P 5)

Ce0,-Zn0 (P 2.5)

M2 2 9 W 45 0 58 B T TS B0 B @ 68 W00
26, degrees.

FTIR spectra of prepared
Ce0,-Zn0 samples.

1200
ce0,200P 28) o0, 20 E)
w20
o-ce0,
=
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A
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PXRD patterns of CeO,-ZnO samples.

#-ce0,2zn0
A-Co0,-200 (P 25)
~8-Ce0.Z00 P 5)

% 4@ @ % wm  m

Time, min
Concentration changes of MG dye
based on changes in the intensity
of the maximal absorbance peak
at 615 nm with the course of time.

& 5 8 &

ERE

Degres of degradation, %

Degree of degradation of MG dye
after 120 minutes of UV illumination.
1- Ce0,-Zn0 (P 5); 2- Ce0,-Zn0; 3-
Ce0,-Zn0 (P 2.5)

The presence of CeO, and ZnO phases with average crystallite size 7 nm and 28, 39, 29 nm were determined in the synthesized CeO,-ZnQ; Ce0Q,-Zn0 (P 2.5), Ce0,-Zn0O
(P 5) materials, respectively. The degree of degradation of Malachite Green dye after 120 minutes, using CeQ,-ZnO; CeO,-ZnO (P 2.5) and Ce0,-Zn0O (P 5) as
photocatalysts decreased as follows: Ce0,-ZnO (P 5) (69%) >CeQ,-Zn0 (41%) > CeQ,-Zn0 (P 2.5) (40%). It is established that the CeO,-ZnO (P 5) sample demonstrates
the higher photocatalytic ability for degradation of Malachite Green dye under UV-light than that of the others tested materials in the present study.
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Optical, structural and photovoltaic properties
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_ measurements were used to characterize the active layer. Test devices with BHJ architecture were prepared using these active
athode

Polymer photovoltaics (PVs) as alternative to inorganic PVs offer achievement of desired optoelectronic properties trough
chemical tailoring, possibility of fabrication on flexible substrates, cheap deposition, large scale and low-cost preparation
technology. To date the best reproducible power conversion efficiency of organic PVs present bulk heterojunction (BHJ) solar
cells comprising an active layer as a of i ) and derivative.

Recently, interest has focused on the fabricating of solar cells utlllzlng low energy-gap polymers as the light absorbing and
electron donating material combined with an electron accepting fullerene derivative. One such low energy-gap polymer is
poly[[2,6'-4,8-bis-(2-ethylhexyloxy)-benzo[1,2-b:4,5-b"]dithiophene]-alt-[4-(2-ethylhexyloxy)carbonyl]-thieno[3,4-b]thiophene-alt-[4-
(2-ethylhexyloxy) carbonyl-3-fluoro-thieno[3,4-b]thiophenediyl]] (PTB7-Fx, x=0+100). Fullerene derivatives used for active layer
preparation were phenyl Cg, and phenyl C;, butyric acid methyl esters, respectively, PCs,BM and PC,,BM.

In this study some crucial parameters of active layer blend of PTB7-Fx and fullerene derivatives (PC¢BM and PC,,BM) for
effective photovoltaic energy conversion were determined. Organic thin films were prepared from 1:1.5 mass ratio of donor-

and deposited dichlor lution at different ations by spi In order to control the active
Iayer morphology, the films were subjected to different post-deposition treatments (anneallng) at different temperatures or
incorporation of an additive such as dii Optical tr AFM film surface topography and thickness

B u ; layers with an ITO/PEDOT:PSS or MoOx anode, and thermal evaporated metal (Al) as back Current density ge (J-V)
i | characteristics of the obtained polymer-organic solar cells were measured before and after post-deposition treatments.
2 Dovor. :
i \BO.\IO )
! Acceptor | PTB7-Fx, = PC¢BM PC,,BM
x=0+100
EH- 2-ethyl hexyl
Optical absorption- Current density (J)-voltage (V
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The graphics summarize the optical properties of: A) PTB7-F00, B) PTB7-F20 and C) PTB7-F100 donor materials mixed with e
fullerene derivatives (PCg,BM or PC;,BM) for preparation of active layer films for BHJ organic solar cells. < ob /,/
H 5
510 Y <
AFM surface morphology- . 7
E e
S 20 A PTB7-F20.PCTOBM J
7 | ——PTe7-F20.P080BM
o i
C) = 7
10
" /
J
g0 Fd
o .
§ e
goop | —
§ %0
fﬁmmmw
—pTer-Fi00pCE0RM |
T e ot 02 93 34 95 os o7
Voltago V]
The J-V characteristics of polymer solar
“Peak Force Tapping” (PFT-AFM) height images of the active films of polymer-organic solar cells prepared from: a) PTB7-F00: :?:‘7:_:1)0?3;’;:20' B|) '::?7;:20:(;"‘83
PC,,BM, b) PTB7-F20: PC,,BM and c) PTB7-F100: PC,,BM blends. POIYmEr, 4
and PC.,BM fullerene acceptor.

Thickness of the active layer- Conclusions-
D:A ratio and concentration, mg/ml RPM Thickness, nm PTB7-Fx donor polymers, where (x=0, 20 and 100%) were synthesized via Stille coupling
PTB7-F00: PC;,BM=1:1.5, 12.5 330/330 97 T and with derivatives (PC4,BM and PC,,BM) aiming preparation of
PTB7-F00: PC;,BM=1:1.5, 25.0 330/330 80 an active layer for BHJ polymer-organic solar cells. The dependence of the optical, film
PTB7-F00: PC;,BM=1:1.5, 25.0"3%DIO 330/330 140 surface and electrical properties of the films on the mass ratio of the constituents, the
PTB7-F00: PC;,BM=1:1.5, 37.5 330/330 128 of the ion, the type of the solvent, additives and the acceptor type was
PTB7-F00: PCq,BM=1:1.5, 25.0 330/330 81 studied. It was found that mass ratio of donor:acceptor = 1:1.5 in dichlorobenzene solvent at
PTB7-F00: PC4,BM=1:1.5, 25.0"3%DIO 330/330 95 concentration 12.5 mg ml"' with PTB7-F100 as a donor and PC,,BM as an acceptor materials,
PTB7-F00: PC,,BM=1:1.5,37.5 330/330 130 respectlvely. were the most appropriate circumstances for fabrication of polymer-organic
PTB7-F20. PC,,BM=115, 25.0 330/330 85 I with thermal evaporated Al back contact in ambient cor:dltlons showing
PTB7-F20: PC,,BM=1:15, 25.0 330/330 88 PCE at ?b?ut 2.1 %. Post-deposition thermal annealing at 60, 90 and 120 °C improved the

. - performance insignificantly, whereas incorporation of additives such as 3%
PTB7-F100: PC;,BM=1:15, 12.5 330/330 96 i

. dll d more pr impact on the fill factor value. Molybdenum oxide
PTRTEA00: 9,12.5 330330 121 was used as a stable hole conductive interlayer showing comparable properties to standard
PTB7-F100: 5, 12.5'3%DIO 330/330 9% PEDOT:PSS interlayer. The contribution of several factors are necessary for efficient PV
PTB7-F100: 1.5, 12.5"3%DIO 330/330 83 devices, namely, optimal amount of fluorine units coupled with thieno[3,4-b]thiopehene,
PTB7-F100: 330/330 168 higher molecular weight of PTB7-Fx polymer, the optimal structural BHJ morphology of the
PTB7-F100: PC;BM=1:1.5, 25.0 330/330 158 thin active layer obtained via proper of sol y and solvent additives.
* ABTop! Ha P cBosTa 6nar Ha ®oHA “HayyHun uacneasanua” (npoekt E02/5 ot 2014 r.) 3a puHaHcoBaTa noAkpena.
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¥YBO,
Amcpucpunnnre cb ca Knac PW, KOMTO MMaT crnocobHocTTa ga obpaay p HaHop PHW arperaTv B CeneKTMBEH
pasTBopuTen. Hakou oT Tean HaHouac'mu.u uapellenu NONMMEPHN MULENW, MMaT CTPYKTypa oT BuAa Aapo-o6BMBKa W ce T B Ta KaTo np Ha

XuapodobHM nekapeTea.

HacToswaTa paGoTa e 4acT OT M3MbJIHEHWETO HAa Hay4eH NMPOEKT, Lensl, pa3paboTBaHeTO HA OPUIMHANHW MONMMEPHUM MULENHM HOCHTENU Ha GMONOTMYHO AKTWBHOTO
BellecTBO ¢heHeTMNOB ecTep Ha KadeeHaTa kucenuHa (CAPE). EaHa oT 3apauuTe e nony4vaeaHe Ha [sells o} TP Cchb F CbCTaBeHW OT UeHTpaneH
Buopasrpagum xmapodrobeH BNoK ¢ NpucageHW cerMeHTH, HanogobABawm monekynata Ha CAPE u OBa BbHWHKM 6noka oT xuapoduneH nonwetuneHrnukon (PEG). Tyk ca
NpeacTaBeHM PesynTaTuTe OT CMHTE3a Ha Nonu[(a-UMHAMMN-E-KANPONAKTOH),-Chb-(E-kanponakToH),] cbnonumepy, YHKUMOHANWNIMPAHN C KPAiHM a3WAHW TPYNK, KOWTO Ha
cnenBaw eTan we 6bAAT H3NON3BaHW 3a NofyYaBaHe Ha TPMONOKOBM ChnonuMepy Ypes ,click” peakuus.

3a cMHMTeza Ha nonM[(a-UMHAMWUN-E-KANPONAKTOH)-Ch-(€-kanponakToH)] (poly[(a-cinnamyl-e-CL)-co-(e-CL)]) MakpopeareHT C KpailHW asMgHW rPynu ca M3NON3BaHW
nocnepoeaTenHo r F co F Ha npbcTeHa (ROP) B NpUCLCTBHETO Ha KaTanwsaTop KanaeH Tpudnar, ,click” peakuus ¢ UMHaMUN a3na KbM CTPaHWYHUTe
nNponaprunoeu rpynu, U p Ha ec b c Gpomonzo6yTHpun 6poMna M asuaupaHe.

CUHTE3, ®YHKLIMOHATIM3WUPAHE W OXAPAKTEPU3UPAHE

r«c\g%}u- L
L C=CH
h CH [ L i
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e (r/mon) | (rimon)
poly[(a-propargyl-c- 5700 | 5450 | 1.20
~OH
Ho- 22w CLlyga-co{e-Cllpqnl |

Y g i b la poly[(a-propargyl-¢- 4930 4100 113

I =T |
* o aly poly[(a-propargyl-e- 3010 2800 112

M CLJy 46,-CO-(E-CL), 4]
polyf(a-cinnamyl-e-CL)-co-(e-CL)] T Ha polyfia-

' gy . J . propargyl-e-CL)-co-(£-CL)] cunonuMepume c
'H SIMP cnexkmsp Ha poly[(a-cinnamyi-g-CL)-co-(¢-CL)]  Painu4eH cbcmas

ENton oume (e}

T P
Ha  polyf{a-propargyhe-CL)-co-(s-CL)]

polyl(a-cinnanmyl-s-CL}-co-{s-CL}] with N3 end groups

"H AMP cnexmbp Ha MakpopeazeHm ¢ Kpainu N; 2pynu WY cnexmbp ¢ kpaiinu Ny gpynu

n3soau

YcnewHo ca CUHTE3Mp W oXxapakTtep p BGuop pochob pyY nonu[(a-u P KTOH)-Cb-{; PONAKTOH)]-M C pa3nu4eH CbCTaB.
MpK1 cHHTesa Ha NpUcafeHuTe XMAPOhOGHM Ck pH ca np ¢ oTBaf Ha npbcTeHa (ROP), ,click” peakuus W peakuMu Ha ecTepuuLMpaHe W
asuaupane. CenonumepuTe ca ¢ aobpe AeHHUPAH CbCTAB, (YHKUMOHANHOCT U C “TACHO pasnpegeneHue No MonHa Maca. 3a oxapak 0 MM Ca nar
MarHuTeH pesoHauc (AMP), nkcppavepseHa (M) cnektp W renosonp p pachun (IMX). HanM4MeTo Ha KPalHW a3MOHK rPyNK NpeaocTaBs Bmuomuoc‘r

Taka nony4eHuTe GHOpPa3rpaguMK XuapodobHN CENONUMEPH Aa GBAAT U3NON3BAHKN KaTo
PeakuMA ¢ ankvH-3aebpleH PEG.

popeareHTy 3a y Ha a

THW GNOKOBM CbNONUMepM Ypes “click”

* ABTOpWMTE Ha NocTepa M3Ka3BaT cBOATA BnarogapHocT Ha ®oHA “Hay4Hu nacnegeaHua” (npoekt [JH09/1 ot 2016 r.) 3a huHaHcoBaTa nogkpena.




T nio normmvepn - BAH, Codust, Benrapust

| B INSTITUTE of o
POLYMERS
Jeuccnrums acaven o scerces |

BBBesienve: Hapactsam Haywen MHTepec IpeV3HBIKBA CBBP3BAHETO, IPEHOCA
M JIOCTABSHETO HA TePaNeBTHUYHN HYKIHHOBH KMCeMHM [0 SAPOTO Ha KIeTKata ¢
el JIedeHvie Ha MHOXeCTBO TeHeTHIHIT Vano TO Ha II PEI
HAHOUACTMIIM KaTO BEKTOPM HPH IeHHaTa Tepamus e IIMPOKO W3IION3BaH ITOJIXOT
HamMupam Bce TonsMo mpwiokenwe. Hayumara smureparypa msoGwictsa  or
PAsTUHM BHIOBE M3IIOI3BAHM IOTMMEpPH 1 MEeTOIM 3a IO/TydaBaHe Ha HaHOUaCTHIIN
Ha TSXHA OCHOBA, TH KaTO Te ChUeTaBaT Pe/IMiia IOJIe3HH CBOVICTBA.

Cpen Tax ocobeH wWHTepec NpeTM3IBUKBAT MONXOOWTE 3a MOTydaBaHe Ha
HAHOHOCMTeTH Ha OCHOBATa HA TemIepaTypHo- i pH ayBcTeuTeHy nomnep wnt
T.HAp. VHTEe/VTeHTH T10; T Ha IPOMEHH B OKO/THATa
cpena. Hactosmoro nscreisase € (poKyCHpaHO M3K/IIOUHTETHO BhPXY:

- paspaboTBaHETO Ha HOBM CBIONMMEPU HA OCHOBaTa MOMV(2-M30mpormul-2-
okcasormH) 1 nomerTioreEnviH (PIPOX-ran-PEI).

Ma OTK

s bt W P
Cxema 1 POX. temper ature-corpomere.
Py
L . ~
J I i _W
» \ - e
JENe— RN

- W M3M0/3BAHETO HA pa3iiMiHU MPOTOKOIM 3a MPUTOTBAHETO HAa HAHOYACTHLIN
Ha TAXHa OCHOBA C 1ie7 Ch3JlaBaHe Ha El‘\GKT"BHﬂ ¥ HEeTOKCHMYHA 3a KIeTKkuTe
BEKTOpHa CHCTeMa.
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HanxouacTmiyu OT IMHeVIHU C’IaIIOV

e paxynreT, MemymmEckn yHuBepcuteT, Cocpust, Benrapust

110J1¥(2-M30IIPONIII-20KCa30JIMH) ¥ IIOJIV
3a CBbp3BaHe, IPEHOC ¥ JOCTaBsIHe Ha Hi'wxemmnu KMCeIVHU

Karika Crosizoa 2, Haranus TornueBa-Monuesal, /1. Momekosa?, Cranmcias Panrenos!
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@urypa 3. Bmusave sa N/P pspxy xupo;

IMHAMITIHVTE PasMepy Ha IONyeHiTe
TomIUIeKcH IpH Temmepatypu ot 65, 37 °C.

v Onpedeaue wa wunocmma ua co noauntexcu:

e uon®
W
Pesyrratw:
v VeaoBua na uacmuuna xuop Ha noau(2-usonp 2-oxcasoaun) 3a Bane na cay
cenoaumepu ¢ noauemurerumur (PIPOX-ran-PEI).
PiPOX PIPOX-ran-PET
) HCL,g 100 °C Hf\ ‘I}
HCANTNAOH  b)NaOH, cuy N’\“)i_';"‘fm/\f)iw + 2 (H—C—O0Ma Cxema 3.
o=¢!‘ i o=J: % 'al-/
c', ey cln FaaBo| Volume HCL Time | Bdrolsis Degree
v / (L) g (min) (]
n” N, 5 N,
1 50 1196 360 5
2 10 1196 360 | 15
Tabmma 1. Voiosimsa 3a mpoTitiane Ha TacTHIHA 3 10 1196 960 1 )
XHMAPOTH3A. 4 10 11.96 1440 | 8
v HzredBane 8. Ha np Ha HazpAB. p u P P
Bspxy xudpodunaruunume pasmepu na wacmuyu om PIPOX-ran-PEI conorumepime.
i - 005 L7 T-65°C Inasno narpasamue
Gradual Hetng] R Gealiual ~ Pii3Ko HarpaBane
"1 e 1% |—a—Nano! '4
0 ”. tecaiero} o 4
8o ER v Onpedesnne na { nomenyuara na uacmuyu
-\ [ oo om PIPOX-ran-PEI conoumepu noayuenu
= - 5 i upe3 HanoymasBane npu 65 °C u c1ed
L PP e - —— oxtandane do T=37 °C npu xonuenmpanus
T om 0.05 gL
2 » * o ” » . B - “ L] 1
Degree of hydrolysis (%) i e (%)
: G5 g L1, Abrupt Heating| .
o [ oL o Pt 5
e —eTSTC —e—T-e5'C £
™ —eTa7C %
[
! \;g‘ - :
E i 13
- B Sty :
= et S |
- 1. costmg Cpotential (m\).
' p.,,. dlftdyd-. T.,, . R ®urypa 2.
) ®urypal. Degree of kydrolysis (%)
u NP 8 4+ sNp &
o .
a
s
&
i =
L.
5.
IR . ) )
Degree of hydrolysis (%) Degree of bydrolysis (%)
@urypa 4. Brusmie 5a N/P sspxy {
y - NP )
Texmeparypu ot 65, 37 °C. .
Ao iB
S ™ =
- =
e
S prs=o
-
-l

) __|
nmx’;:m nmx;;-m ®urypa 4. Onp Ha VHOCTTA Ha
DOHH 39.93+15 2670427 PiPOX-ran-PEI cenomnsepirre.
L] 4525511 4352105
HEK-293 3448221 B6:15

WUsBoau:

VernenHo ca CHETEIMPAHM ¥ OXapaKTePHIHPAHI HOBH THHEH chriomnepn ot st (PIPOX-ran-PEI ) ¢ pasmiria

crenen ma xizzpomsa (5,15, 53 1 84%).

: TIp¥ NOBVIIIEH T TEMIEPATY P B Pa3perIeHH BOIHI PAsTBOPH Te (POPMIPAT TOTTOAHTETHO 3aPeIeHH Me3arioby L.
ca

p PAMETPH HA BOTHITE PasTBOPH Ha pirre pu p P
Ha HATpSBaMe: IUTABHO, PR3KO HATPABAHE I HAHOYTASBANE.
® VcranopeHo e We, Wpes IBNOT3BAaHE HA HAHOYTASBaHe Ce TIOTY Han-100pe TedrHMp P
¢ HycKka P
® Ha Gasara Ha IHK e e

Ha c
OPMIPAT CTAGHITHI BbB BPEMETO T T0OPe AEPIHIPAHI IO
= 1 momITTeKCTH.
® [lpy conomniepire ¢ 51 15% crenen Ha
53 11 84%, Ha Ko¥TO € onp ICyp. T
He [IPOSBABAT LIMTOTOKCHYIEH eheXT IPI HITO €THa OT HAIOTEAHITE KICTHHI THHIL.

He ce

pasmep (D= 90 - 180 nm ) ¥ mcmieperocT (< 0,1)

edpexT, 3a payTia OT Tesi ¢
P or Ha noKasear, we e

*® Ha 6asata Ha np 70 MoMerTa MoKe Ja Geae , de 7
MOTaT 1a HAMEPAT TP P 3aTp PT ¥ JOCTABSHE HA OTHIO- ¥ HOTHHYKTEOTIIIL.
Bnaropapuocrn ©:
nocrep e ispaboren s pasxure na Ilpoexr ,C: p ~Qasal’s no
pu-BAH, patop P Tlponecu” u p 1a Tpoexr A®HW - T02/7
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Novel ferulic acid-containing poly(e-caprolactone) electrospun fibrous
materials with antitumor activity

G. Yakub', M. Ignatova’, N. Manolova’, I. Rashkov', R. Toshkova?, A. Georgieva?
1Laboratory of Bioactive Polymers, Institute of Polymers, Bulgarian Academy of Sciences, Acad. G. Bonchev St, Bl. lwﬂmmulﬂm
103A, BG-1113 Sofia, Bulgaria; ?Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences, Acad. G. Bonchev St, Bl. 25, BG-1113 Sofia, Bulgaria

To prepare fibrous materials from poly(e-caprolactone) (PCL) and ferulic acid (FA) by one-pot electrospinning.
To coat the mats with a thin film of a chitosan (Ch), containing or not FA. Exploring the influence of the
composition of the polymer matrix on the in vitro release profile of FA as well as on the antitumor activity of

fibrous materials against HeLa tumor cells.

Schematic representation of fibers SEM micrographs of fibrous materials

PCL/FA

= . PCL-FA | " —d=710%200nm

505+ 130 nm |~ d=650%210 nm

PCL/FAcoatCh . ; S

Ch-FA %oatc}b "
:::::::::::::I:: ‘l' ( "‘F,(:L ¢ -
PCLcoatCh/FA

In vitro release profiles

DSC thermograms of fibrous materials

PBS (pH 7.4), 37 °C
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Antitumor activity of fibr materials
Cell viability of HeLa cell line tested In vitro fluorescent micrograph of acridine orange and

by the MTT method after 72 h ethidium bromide double-stained HeLa tumor cells
incubation with different formulations incubated on fibrous mats for 24 h
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CONCLUSIONS: FA incorporated in the PCL fibrous mats or in the Ch coating was in the amorphous state as evidenced by the performed
DSC analysis. The release of FA was affected by the composition and design of the polymer matrix. Ch-coated fibrous materials containing
FA displayed good antitumor effect against HeLa tumor cells. They are potential candidates in the systems for local delivery of antitumor
drugs in the treatment of cervical tumors. e-malia:
gyakub@polymer.bas.bg

YNSRI NISINEY G.Y. and M. . acknowledge Grant DFNP-11/20.04.2016 ignatfva@P"'lvme"b:S‘bbg
(Program for career development of young scientists). T o A
rashkov@polymer.bas.bg
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DESIGN AND SYNTHESIS OF POLYMER STABILIZED NANOMATERIALS

BASED ON IRON OXIDE AND SILVER NANOPARTICLES

S. Ismail. R. Bryaskova, D. Pencheva and T. Kantardjiev

Department of Polymer Engineering, UCTM, KI. Ohridski 8, 1756 Sofia, Bulgaria

Introduction

Candida krusei is an important causative agent of
various infections in immunocompromised patients,
fungemia, endophthalmitis, endocarditis, arthritis,
oropharyngeal and oesophageal candidiasis. To
overcome the problem of the growing resistance
toward different type antimicrobials, hybrid materials
containing different metal nanoparticles are the object
of scientific research interest in order to investigate
their activity towards microorganisms. Their effect on
the yeast is a challenge because of the eukaryotic
cell type system of the strains. It is important to
define the exact concentration at which they will
exhibit their fungicidal activity without presence of
cytotoxic effect on the human cells. The aim of the
present investigation is to synthesize novel hybrid
materials, which combine the properties of silver and
iron based magnetic nanoparticles stabilized by
polyvinyl alcohol with high antimicrobial activity and
delivery targeting. For this purpose, it is necessary to
examine and compare the presence of antifungal
activity of the newly synthesized hybrid materials and
to determine their minimum fungicidal concentration
(MFC) for selected clinical yeast with a
predetermined resistance to different antimycotics.

Results and discussions

The UV-vis spectroscopy analysis confirms the
formation of well-defined silver nanoparticles with
appearance of peak at 420 nm. The TEM analysis
also demonstrated the formation of spherical and
homogenous distributed silver nanoparticles with
particles diameter from 5.0 to 6.0 nm (Figure 1 a-b).

a) )

Aacance

a1

Fig. 1: a) TEM image of AgNps/PVA nanoparticles and
b) UV-vis analysis of AgNps/PVA nanoparticles.

Two different yFe,O,/AgNps/PVA bimetallic hybrid
materials were prepared: 1) hydrosol of yFe,O;+
stabilized with AgNps/PVA, referred as P1 and 2)
sediment of yFe,O, stabilized with AgNp/PVA,
referred as P2. The morphology and the size of thus
prepared  yFe,0,/AgNps/PVA  products  were
determined by TEM analysis. TEM images of the first
product (P1) showed the presence of individual
magnetic/silver nanoparticles with diameter ranging
between 5-10 nm (Figure 2a). The same observation
was made for the second product (P2), with the
presence of individual magnetic/silver nanoparticles,
which however tend to form aggregated clusters
(Figure 2c).

The selected area electron diffraction pattern (SAED)
of yFe,0,/AgNps/PVA materials indicates that they
are nanocrystalline. The patterns of SAED are
indexed as (200), (313), (317), (426), (513) and
(517) reflections, which correspond to tetragonal
crystal stucture of yFe,O; with lattice constant:
a=8.346, ¢=25.034 according to JCPDS (89-5894)
(Figure 2 b,d).

Corresponding author s e-mail: selenismail@abv.bg

Fig. 2: TEM
pictures and
SAED
analysis  of
yFe203/AgNp
s/PVA
products: (a-
b) for P1 and
(c-d) for P2
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For the the yFe203/ PVA/AgNps products (P2), diffraction
peaks at 30.36 (220), 35.77 (313), 43.35 (400), 53.76 (422),
57.16 (511), and 62.98 (440) were observed which are
ascribed to the normal structure of yFe203. Additionally, not
very intensive peaks at 38.1° (111), 44.09° (200), 64.36°
(220), 77.29° (311), were observed as well, which are
referred to the standard data of Ag. Moreover, the X-ray
fluorescent (XRF) results confirm the existence of y-Fe203
and presence of Ag with determined mass percentage of Ag-
1.5% and for Fe — 96.5% respectively. (Figure 5).

—mcied Fungicidal activity
[ cmais
[~ emasm Table 1. Antimycotical resistance of the tested clinical yeast strains
Ne | Clinical strain Antimycotical resistance
The average hydrodynamic diameter was Dh=75 nm with a 1. |C krusei g-112 FCA.ITR
polydispersity of 0.15 for P1, and Dh=115 nm and | | oo ° 2
polydispersity of 0.17 for P2 respectively. The naked |, ’
YFe203 showed significantly higher hydrodynamic di = |G krusei 8-48 FLU M
Dh = 720 nm, which indicates that AgNps/PVA coating of 3 !
magnetic nanoparticles improved the overall stability of iron | | C-krusei §-126 ITR
oxide nanoparticles in aqueous solution shown by
significantly reducing the size of the nanoparticles thus 4| c. glabrata 073 28
preventing to some extent the formation of large aggregates
(Figure 3). 5. |c. glabrata 8-122 FCA.ITR
o - - 6. | C. nivariensis 383 FLU, VOR, ITR
Legend: Fluconazole (FCA), lItraconazole (ITR) and
Voriconazole (VRC), using commercial kit ATB Fungus 3
“Bio Merieux and Miconazole (MCZ).
P S — N el T E Y e e Table 2. MFC of the products determined for six clinical fungi strains

Fig. 3: DLS analysis of a) yFe203/AgNps/PVA, b) yFe203 nanoparticles

and c) pure yFe203.

FTIR analysis of the synthesized yFe203/AgNps/PVA
product (P2) showed the presence of all characteristic for
PVA signals at 3300 cm-1. The peaks at 1326 cm-1 are
characteristic for the C-H deformation vibration in PVA and
the absorption peak at 1000-1100 cm-1 can be assigned to
the C-O stretching and O-H bending vibrations. The
presence of magnetic iron oxide nanoparticles can be seen
by two strong absorption bands at around 634 and 566
cm-1 (Figure 4).

—1Fe,0,
—— 1 Fe,0/AgNps/PV/

Fig. 4: FTIR spectra of yFe203
and yFe203/ PVA/AgNps (P2)

4000 300 3000 2500 2000 1500 1000 500
wavenumber, cm

P1 P2 P3
Ag
Ag |[Fe
Clinical mg/ |Fe Ag |Fe mg/ (mg/
fungi strains L mg/L img/L img/L |L |L
152
C. krusei 112 0.04 |27 |01 (10 |0 |4
304
C. krusei 8-48 0.09 |54 01 |10 0 8
C. krusei 8-126 02 (135 [02 |25 0 762
152
C. glabrata 0-73 0.09 |54 0.04 |05 0 4
C. glabrata 8-122 0.02 |14 [0.04 [05 [0 |[762
C. nivariensis 383 0.01 |07 |004 [05 [0 |95

The MFC for the strain C. krusei 8-126 are significantly
higher for the P1 and P2 in comparison to the MFC of
other strains Candida. (Figure 6 a).The lowest values for
MFC are observed for C. nivariensis 383, which
determined it as the most sensitive strain from all tested
Candida strains (Figure 6 b).

Fig. 6: MFC for
P1-P3 (left to
right) at 6 yeast
strains: a) C.

Fig.5: XRD and XRF
analysis of yFe203/ By ey S S
PVA/AgNps ]

Conclusions

krusei 8-126; b)
C. nivariensis
383; c) C.krusei
8 -48;dC.
. krusei 112; e)
C. glabrata 0-

73 f) C.
glabrata 8-122

The results indicate a synergistic action of the combination of silver and iron nanoparticles in hybrid materials when tested

with the selected 6 clinical strains of yeast. These results

indicate that thus prepared bimetallic yFe203/AgNps/PVA

nanoparticles can find potential application for target delivery under magnetic field in biomedical area.
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XUMUKOTEXHONOTUYEH U METANYPTUHEH YHUBEPCHUTET

UHCTUTYT no
MNOMMEPW

CHUHTE3 U U3CJIEABAHE HA HOBHU IIOJITMMEPHU APXUTEKTYPH 3A

BUOMEJUIIUHCKH INPUJIOKEHUA

C. Hemaun u P. Bpackosa

Kameopa_Iorusepro undxcenepcmeo, XTMY, Kr. Oxpuocku 8, 1756 Cogpus, bvreapus

BbeedeHue

CuHTe3bT Ha OuocbBMecTUMM W Guopasrpagumu
NoNMMEpHN MaTepuani U TeXHUTE HaHOCTPYKTYPHU
obGpa3yBaHus - muLenu, Xuaporernose,
MUKPONOPLO3HW THHKWA (hUNMK U [pyrV e 3ajjaya ¢
0ocobeHO ronfiMo  3HaYeHWe, KOATO  W3NUCKBa
KOMMIEKCHN MO3HaHWA U ONUT B MHOTO HayuyHU
HanpasneHus. Mpunc 0 Ha Te3n MonuMepHu
MmaTepuanu € CBbp3aHo C peauua TeXHW YHUKanHu
CBOWCTBA, KaTO Bb3MOXHOCT 33 KOHTPONMPaHO U
HacoyeHo  ocBoboXaaBaHe Ha  neKapcTBeHU
BElecTBa, MaTpuuM 3a TPUMEPHO  THKaHHO
Bb3CTAHOBSIBAHE, [WAarHOCTUYHW areHTM W ap.
®nyopecLeHTHUTe NONUMEpHW HaHoMmaTepuanu ca
CcTaHanu (oKyC Ha UHTEH3UBHM W3CNeaBaHus Nopagu
TexHUTe KOMGUHUPaHU NpeaumcTBa. Te ce usnonasar
KaTo chnyopeclieHTHN Garpuna 1 NUrMeHTH, Mapkepu
B MeaguuuHata U OGuonorusiTa, eneKTpo-OnTUYHW
YyBCTBUTENHU MaTepuany, BbB (POTOAMHAMUYHATA
NPOTUBOTYMOpHAa  Tepanus, CeHcubunusatopu B
COMNapHUTE KNETKU U B Nla3epHaTta TexHUka. PasnuyHu
opraHuyHn cnyopohopu MoraT Aa ce BKoYaT KbM
HaHop PHU ¢ PHU MULIENKM, KOETO BOAU A0
nonyyasaHe Ha BOAOpa3TBOPUMM  chryopodopu.
Lenta Ha HacToswara pabota ce cbcToM B
nonyyasaHe Ha [fobpe pAeduHupaHu  6nok
cbfionMmepu cnocobHM fa camoacouuvpar BbB
BoAHa cpefa, KbM KOMTO fa 6bAaT BKIIOYEHW
pasnuyHn hnyopecueHTH! CbeuHeHus c
nporpamupaHi CBOWCTBA Ha MONEKYNHO paBHULLE C
MOTEeHLManHo npunoxexue B 6uomeauLmHara.

Bnok cenonuMepu, Nony4yeHun 4Ypes pagukanosa
nonMMepu3aums ¢ npeHoc Ha atom (ATRP)

C nomolLTa Ha NonUMepu3aLmMsaTa ¢ MPEHOC Ha aToM
MOrarT fja ce CuHTe3upaT 610K CbronuMepu ot Tuna
AB. Te ce nonyyasart no gsa MeToaa.

+ [MbpBMAT METOA C€ CBbCTOM B KOHTPONWpaHa
nonuMepusauus Ha MoHoMepa A B NpUCHLCTBUE Ha
ankun Xanua W NpexoaeH MeTan, npu Koeto ce
warpaxaa nopBuAT Onok. [lobaBAHeTo Ha BTOpU
MOHOMep B BOAM [0 HeroBaTa KOHTpPOnWpaHa
NoNMMepU3aLUMa U U3rpaxaaHeTo Ha BTopus B Gnok
OT CbnonuMepa.

RX B
A o™ RAX —=RA-BX
u

Cxema 1: KoHTponupaHa nonumepusaums ¢ NpeHoc Ha atom

« [pu BTOPMA MeTOA MbpBOHAYaNHO ce CuHTesnpa
MaKpOMHWLMATOp, KOWTO 3aBbplUBA C XanoreHeH
arom (RAX). TonyyeHuaT MakpouHuumatop ce
u30nMpa upes yTasiBaHe B MOAXOASLY pa3TBOpUTEN
WNK Ype3 [pyra TexHUKa 1 U3Non3sa 3a UHULUMpaHe
nonuMepu3auumaTa Ha BTopus B Gnok B npuckcTBMe
Ha CuX. MaKpouMHMUMATOpPbLT, KOWTO 3aBbpliBa C
XarnoreHeH aTom, 06MKHOBEHO e cTabuneH U Moxe aa
ce CbXpaHsBa Abnro Bpeme, Npeav Aa ce U3nonasa
3a nonuMepu3aLuaTa Ha BTopus 6nok.

Aemop 3a xopecnonoenyus: selenismail@abv.bg

B 3aBMCMMOCT OT MOpPCONOrusiTa, pasmepa, Buga u
NEpUOMYHOCTTA Ha  arperauMoHHUTE  CTPYKTypu
¢hopMUpaHy OT GNIOKOBM CBLNONUMEPH Ce onpeaens 1
TAXHOTO  MPUMOXEHWe B HaHOTEXHonoruuTe,
€eneKTpoHUKaTa, MeAuuuHaTa, nako-Gospkuiickara,
KO3METU4Ha NPOMMULLNIEHOCT U APYTY.

urypa 1: A CTpYKTYpH p
6nokosu B pa3reop: (A) yHuwmep, (B)
cep! Muuenu B p 3a Kkpait
Gnokoee, (C) ccpep! MULEnK B p 3a
6nok, (D) Ha Mpexa B
pasTeopuTen 3a cpeaHus 6nok, (E) xekcaroHania reoMeTpust Ha
muuenu u (F) CTPYKTYpa.

C p Ha PHUTE CTPYKTYpPH Ype3
oMpexBaHe

lonAaM HepocTaTbk Ha MuuenuTe e TAXHaTa
[OMHaMU4YHa NpUpoaa, KOeTo BoaW Ao HecTabunHocT
NpyU BUCOKW TeMnepaTypy, NPy HACKWA KOHLEHTpaLmu
W Npu ofnpeaeneHn MpPoOMeHW B pasTBOPUTENA.
O6ukHoBeHHO cTabunusauusTa Ha  MULEnHUTe
CTPYKTypW Ce focTura MocpefcTBOM KogasieHmHU
OMpexsaHusi, Te. CenekTBHO obpasyBaHe Ha
OMpEXEHU CTPYKTYpU, uYpe3 KOBAneHTHW Bpb3Ku
Mexay crneunpnyHn 6roK-yyacTbum B
cbrnonMMmepHara CTpykTypa Ha wmuuena. Toea ce
noctMra € eQWHUYHA  Makpomonekyna - unu
HaHoyacTuua. OOpasyBaHeTo Ha  OMpexeHa
CTPYKTypa Mexay cneuucuyHUTE aKTUBHMU LiEHTpoBE
[iaBa CTabMUNHOCT Ha HAHOCTPYKTYpUTE, KaTo No To3n
HaumnH ce
B3auMofeicTBuS, KOUTO
Muuenoobpasy 0 Ha Cbr p L
VMa HAKONKO NOTEHLUanHu nosuuun 3a ompexsaHe
Ha MULEnHuTe Cbn pU — B Xugpod
nonumepHa sepura (KbM nepudepusta) (durypa 2-a)
v B xugpocobHaTa nonuMepHa eepura (KbM SApoTO)
(Purypa 2-6). [osuuuATa Ha OMpexsaHe B
rionuMepHaTa Bepura MoXe 3HauuTenHo aa nosnuse
BbpXy (U3WYHUTE W XUMWUYHU CBOWCTBA Ha

cbnonumepa.
R\

GnaronpusTeTBaT

o A N
G
| ¢
A%
o oy

Haii-enemeHTapHata W LUMPOKO pa3npocTpaHeHa
AeUHNLMSA Ha CEeH30p € “UYyBCTBUTENEH ENeMEHT,
KOWTO ycella U pearupa Ha gpasHeHe”, T.e. npuema
vHopMauma u s TpaHcopmupa BbB  hopma
CHOTBETCTBALYA Ha HALIETO BL3NPUATUE, NO3HaHUE U
pasbupaHe. CbrmacHo Tasu [eUHUUUS CEeH30pLT
TpsbBa fa uanbnHasa ase yHkuuu. Mbpeata e ga
OCUryp¥ B3auUMOAEICTBME C MULIEHATA MO BUCOKO
CeneKTUBEH HauWH, pa3no3HaBaikv s OT Apyru o6ekTh
ChC CXOAHM CTPYKTYpa W CBOWCTBA, KaKBUTO Ce o4akea
[la npuTexasa uacneasaHarta cuctema. CrpykTypata
OTTOBOpPHA 3a TOBa € HapeyeHa pasno3HaBaly
eneMeHT Unu peuenTop. [pyrata (yHKUMS Ha CeH3opa
e pAa  “Bu3yanuaupa’ ToBa _ B3auMopencTsue,
[oKNafBaiku 3a Hero Ypes OCUrypsiBaHe Ha curHan,
KOWTO necHo fa Obde ynaeBsH W aHanuaupaH.
CTpyKTypaTta OTFOBOPHa 3a Bb (laHeTo Ha
TO3W CUrHan ce Hapuia penoprep.

EAvH noaxop 3a nonyyaBaHETo Ha TakaBa CTpyKTypa
cé CbCTOM B M3MNON3BAHETO Ha  amUpUNHK
AWGNOKOBM CbMONMMEPN, CBLCTOSWM Ce OT eauH
xuapoduneH U eanH xuapodobeH CermMeHT, KouTo
npuTeXasat cnocobHoOCTTa Aa ce caMoopraHusupar B
pa3sTBop, oOpasyBaiiku pasnuuiu no Bug, cdopma u
pasMep HaHO- U MUKpouacTUuW. B MHoro cnyyau npu
p p 0 Ha b 6nok cbnonumep B
CeneKTMBEH pasTeopuTen (foGbp pasTBOpUTEN Camo
3a eavHus Gnok), Monekynara camoacouuupa u morat
fa 6bAat nonyyeHn cheputiHn MULIENK, CLCTOSLM ce
OT SApo, U3rpafgeHo oT xuapodobHua 6rok 1 KopoHa,
narpageHa or xuapodunHus 6nok. Bb3 ocHoBa Ha
TOBA pa3nUyHK OpraHuyHK cnyopodopu MoraT Aa ce
BKIIOYAT B X1APOoGHOTO SAPO Ha MULENUTE, KOETo
CMyXM 3a TAXHa CbBMECTUMa  MUKpocpefa.
®dnyopodopute Morat Aa 6baar usnuecku BrpageHn
UNU KOBANEHTHO CBbp3aHi B MONMUMEPHUTE MULIENW.
Taka nonyyeHute  HNYOPECLEHTHU  MONUMEPHU
Matepuany C HaHopasMepu npuTexasaT peauua
npeavmcTBa.

MpunoxeHue Ha NOMyYeHUTE apXUTEKTYPH

Cnoco6HocTTa Ha ampugunHute 6nokosu
CbONMUMEpHU fa ce CaMoopraHusupar u aa obpasysart
MULENHU CTPYKTYpU € (haKT, KOTO o4yepTaBa TAXHOTO
NpaKTU4ecko MpunoxeHue B obnactute MeauuvHa W
hapmauus. OcBeH ToBa TO3U TUM CUCTEMU MoraT Aa
6baar u3non3saHu U Kato AucnepraTopu, eMynraropu,
OMOKPALLY arexTy, NeHHK crabunusaropu,
hnoKynaHTK, BUCKO3HM MoUUKaTOpH U ap.

3akniovyeHune

KoHTponupaHata nc pU3aLmsa C NPeHoC Ha atoM
€ HOBa TeXHUKa, KOATO No3BonsABa NoNnyYaBaHeTo Ha
nobpe pedumHupaHu 6nok  CbMonMMepw,  KOsITo

10 Wwe 6vae np Ha 3a y 0
Ha pH UyBCTBUTENHM CLMONUMEPHU, CMOCOBHU Aa
camoacouumMpatr BbB BogHa cpeja C  ormeg
nonyyasaHeTo Ha pobpe AeduHUpaHn
HaHOCTPYKTYpU. Taka MOMyuMeHUTE HaHOCTPYKTUPH,
we GbaaT TecTBaHu Kato pH YyBCTBUTENHW CEH30PH,
Ypes 0 Ha nc WM hnyopecLeHTH!
CbeAVHEHUs, KOWTO GUxa HamMepunu noTeHUUanHo
6GMOMEANLIMHCKO NPUNOXEHME.
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Two hydrophilic PDMA-based copolymers of different chemical

L

position and chain ar ire - linear (P1) and branched (P3) - were synthesized. Thin films of
the copolymers of nanometer scale thickness were deposited on silicon substrates by the spin-coating method. The refractive index and extinction coefficient of the

copolymer films were calculated from the reflectance spectra by using non-linear curve fitting method. Humidity-sensing properties of the films were studied by
measuring reflectance spectra of the films at relative humidity range from 5 to 95 RH%. A possibility of impl.

p 1tation of the copolymer films as color indicator of
humidity is demonstrated. The influence of the macromolecular architecture on the optical characteristics and sensing properties of the corresponding thin films is
discussed.

Copolymer synthesis Thin film deposition

PDMA copoly were sy d by applying cerium ion initiated redox polymerization in v Spin coating: 0.2 ml drop, 3000 Csll
aqueous media: rpm, 30s; substrates: Si-wafer
ce** ° monomer 7 i i
oM o /\OH » oH Postdeposition annealing:

30 min, T=60°C ; 180°C

This method allows to obtain linear as well as k t
hydroxyl precursors used.

P1
e PDMA |
N—
HO O
f kgt h
0 OH
=

d block I d

poly P

Spinning Drying

Optical and humidity-sensing properties

Ma

_ S%RH > OS%RH _

As RH increases, the thickness of the
film increases and reflectance,
respectively the color of the film,|
changes.

dby aq Size Excl Ct graphy
(SEC) : Sensitivity
P E6 inereasing mode — AR
Cod Cooolime I ‘ %, A%RH
P1 PDMA-b-PEO-b-PDMA 2 763600 159 -
2 L ) " L 6 0 A dgcraaring mode
P3  [PDMA-b-PEO-b-PDMA}-cross-PEGDA 18 107000 290 4. % 120 160 -200- 240 0 20 40 60 80 100

Thickness (nm) Relative humidity (%)

v The highest refractive index of 1.48 for P1 is observed when thickness of the film is 95nm
v The gi change in the refl coefficient (AR=10.6%) is for the same thickness
v'Two regions with different slopes (i.e. sensitivity) could be distinguished for P1 where the
reflectance changes linearly with humidity. The sensitivity is 0.07% in the first humidity region

(20 - 70 %RH) and increases substantially to 0.27% for the region of higher humidity (70 - 95
%RH).

PDMA = Poly(N,N-dimethylacrylamide)
PEO = Poly(ethylene oxide)
PEGDA = Poly(ethylene glycol) diacrylate (av. Mn 575)

Copolymer composition verify by FTIR and NMR

POMA PEO

@ Al AR

180°C

W el w °\E
Gy ” 410 ) B
I i y
J %a‘(}:_/s\bi 60°C | 0 . . iecreasing mode decreasing mode
0'(1135.00 10I00 :5'00 20|00 1500 1000 5&0 — — : 0 20 40 60 80 100 0 20 40 60 80 100
56 50 45 40 35 30 25 20 15 10 O

Relative humudity (% Relative humudity (%
Wavenumber(cm) Chemical shft (ppm) y (%) y (%)

In the overlaid FTIR spectra
characteristic bands for amide groups of
PDMA appear at 1615 cm™ and those for
ether groups of PEO appear at 1100 cm™.

Conclusions:

Molecular mass of P1 as calculated from
the integrated signals in the 'H NMR
spectrum :

Mn = 13250 g/mol

v The sensitivity of P3 is higher in the case of postdeposition annealing at 180 °C
v P1 and P3 have similar sensitivities, but P3 is preferable in high humidity region (RH>80%RH)

Hysteresis improvement in the case of branched polymer.

» Both linear and branched polymers have similar sensitivities and could be used for humidity sensing in the whole humidity range. At high
humidity range (> 80 %RH) the branched polymer film is preferable.

» There is a hysteresis improvement in the case of branched polymer: the difference between measured values for increasing and decreasing
humidity mode substantially decreases for branched [PDMA-b-PEO-b-PDMA]-cross-PEGDA (P3) film as compared to linear one (PDMA-b-PEO-b-

PDMA).

» The sensitivity of polymer films toward humidity is related to their density, it is higher for denser films and increases with postdeposition

annealing temperature.
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NMonuenekTponUTHU KOMMNEKCU KaTo JIeKapCTBO-A0CTaBsALLMN
? CUCTeMM 3a yAbJDKeHO OCBOOOXAaBaHe Ha AUKINOgeHK
HaTpun

[. Hukonosa', M. CumeoHos', X. Llayes?, E. Bacunesa'

1.Jlabopamopus o cmpykmypa u ceolicmea Ha nonumepume, ®@axkynmem o xumusi u gpapmauyusi, CY,Ce. KnumeHm Oxpuocku®,
6yn. ‘[xetimc bayyep” Ne1, Cocpusi 1164, bvnaapusi
2. Jlabopamopusi no mexHomnozus Ha nekapcmeeHume ¢gopmu u buogpapmayus, @akynmem no xumus u gpapmayus, CY ,Cs. Knumerm

Oxpudcku®,

6yn. [xetmc bayyep Ne1, Cogpusi 1164, brneapus

|. BbBegeHue:

MonuenekTponuTUTe ca MoONMMEpMU, B YMUTO MOHOMEPHU 3BEHA Ce ChabpXaTr
rpynu, KOUTO MoraT fja ce AUCOLMMPaT , Taka Ye BbB BOZIEH pa3TBop Ce npespblaT B
MONOXMUTENHU UM OTPULIATENHO 3apefeHu rpynu.

MonuenektponutHuTe komnnekcu (MEK) ce obpasysat B pesyntar Ha
€NeKTPOCTaTUYHOTO B3aUMOAENCTBUE MEXAY NONMUKATUOH U MONMAHUOH B pa3Teopa.
MHoro GUononUMepy ca ecTecTBEHU NONUENEKTPONATU, KOUTO BbB BOAHW Pa3TBOpU
obpasysat [MEK. TakuBa ecTecTBeHW MNONMUENEKTPONUTA, KOUTO Ce OoTnu4yasBaT U C

U3KNIOYUTENHU GMOCBBMeCTMMVI, Guopasrpa.quuu CBOWCTBA, a OCBEH TOBa
nputpexasart u cobcTBeHa GuonoruyHa AaKTUBHOCT, Ca XMTO3aHbLT U anNrfMHaTBLT.
II. Len:

LlenTa Ha HacTosLeTo u3cneaBaHe e Aa GbAaT NonyyeHn NonueneKTpoNUTHU
KOMMIeKcH Ha Ga3aTa Ha ecTeCTBEHUTE NONUENEKTPONUTU XUTO3aH U HAaTPUEB anruHar,
KOUTO Aa GbAar M3Mon3BaHU KaTo NEeKapCTBO-AOCTABALM CUCTEMU 3a YABIDKEHO
ocsoboxgasaHe Ha auknogeHak Hatpui (O®H). Tasu uen Ge ocbluecTBeHa Kato
nbpBoOHayanHo 0sxa cuHTe3aWpaHu u oxapaktepusupann [EK, ¢ pasnuuHo
CBOTHOLLEHME Ha XWUTO3aH W HaTpUeB anruHart, crnep koeto 6sxa HaToBapenu ¢ [JOH u
6e nscnensaH TexHUs NOTEHLManN KaTo NeKapcTBO-A0CTaBALM CUCTEMM.

lll. EkcnepumeHTanHa 4act:
lll.1. Cunme3s Ha lMEK

MpuroTesAT ce ABa CTOKOBM pa3TBOpa Ha XWUTO3aH W HaTpUeB anruHar ¢
KoHUueHTpauuu 0.051.%. KbMm HeyTpanusvpaHws pa3TBOp Ha XUTO3aH ce npukansa
pa3TBOpa Ha HaTpuUeB anruHart, cnep Koeto ce pa3bbpksa B NpOAbMKEHUe Ha 30MUH

(Cxema 1), CucTaBuTe Ha TpUTe BMaa Npobu ca npeactasequn B Tabnuual.
!

P1

Pa3bbpksa

He 30MM: > P2

P3

Cxema1: Monyuasaxe Ha NEK

IV.2. 3ema-nomerHyuan

3eTa-noteHumansT Ha npobara P1
He Oe wu3mepeH, Tbii Kato T e

P1 . KonouaHo HectabunHa. MNpobara P3
P2 12406 uMa Mo-BUCOK 3eTa- noTeHuuan,
P3 25411 oTKonkoTo P2, koeTo ce Abmku Ha

NO-TOMIAMOTO KOSIMYECTBO XMTO3aH B
Hes.
IV.3. CeemniuHHa Mukpockonusi

Tabnuuya3: 3era-noteHuuman Ha MEK

N

P3

P31 B p-p P3 cyxa

Mpu Tpute BUga npobu ce HabniogaBa MPbLUYKOBUAHA CTPYKTYpa, KOSITO ce
3anassa W crief HaToBapBaHe M Ce BWXKAA OT MWUKPOCKOMNCKUTE CHUMKW Ha
MOKpUTE Npobu. Ha MUKPOCKOMCKUTE CHUMKM Ha CyXuTe HaToBapeHu npobu ce
HaanoaaBar xapakTepHUTpe LIBETOBE 3a KpUCTamnHU BellecTea, AbfKalyy ce

Ha HaToBapeHOTOo NeKkapcTBo

B d 2 Tabnuyait:
P2 1 1 Cubcras Ha npobute MNEK
P3 2 1

1ll.2. HamoeapeaHe Ha lMEK ¢ duknogheHak Hampui
Mo aHanorMyeH Ha onucaHua HauuH Gsxa nonyyeHu cbuuTe Tpu TUNA

npobu, HO NpeaBapuTENHO B pa3TBopa Ha HaTpues anrmHat 6e pasteopeH [OH
(Cxema 2). ™,

P11l
p P2J

y ~\._HaTpves Pa3bupksaH
/ anrMHat + e 30MUH

LoH >

Cxema2: Harosapsate Ha MEK ¢ IOH

P31

% omoGoaen AOH

B ESs88

IV. Peayntatu u o6cbxaaHe
IV.1. QuHamu4Ho nasepHo ceemopa3scetisare (4J1C)

Yuctute MNEK baxa
oxapakTepuaupaHu ypes [JIC
aHanua. OT nonyyeHuTe pesyntaru
ce BWKga, Ye  nonyyeHute
KOMMIEKCH ,0T TpUTE TUNa Npobu,
UMaT  NpUGNU3NTENHO  efHaKBn
pasmepu.

Tabnuuya2: XugpoauHammueH paguyc Ha MNEK

P1
P2
P3

28+06
4311
33+15

Bnar Wu: ToBa uacr
Bunrapus, Jorosop No JHTC/lepmanus 01/12.

HaW-T

IV.4. TpaHcMucuoHHa enlekmpoHHa Mukpockonusi (TEM)

n P3n
MpvukoBugHata cTpyktypa Ha [MEK ce notebpwgasa u upes TEM aHanus.
MUKPOCKOMNCKUTE CHUMKM ce HabnioaasaT U Manku ob6pasyBaHUs,KOMTO Haii-BEPOATHO ce
[AbIDKaT Ha HEBKIIOYEHO NEeKapCTBO B KOMMIEKCUTE.

IV.5. EpekmueHocm Ha HamoeapeaHe F

B npepcraseHarta Tabnuua ce Bwkaa egeKkTUBHOCTTa Ha
HaToBapBaHe Ha nekapctsoto [JOH. Mpu npobute P11 n

Ha

P1n 87+06 P21 ce Habniogasa BucOKa edeKTUBHOCT Ha
- HaToBapBaHe, Aokato npu npobara P3 TA e 3HauuTenHo

P2n 90+0.9 O-MasnKo.

Pan 33+9 Tabnuuad: EpextusHocT Ha Hatosapsane Ha MEK ¢ AOH.

IV.5. lMpoghun Ha nekapcmeeHo oceoboxdasaHe

= | MpocunbT Ha nekapcTeeHo ocsoboxaasaHe 6e npocneaeH B

» {cpepa ¢ pH=6.8. Ot rpadmkara ce BWKaa, Ye Haii-gobbp

npocgun He nekapcTBeHo ocsBoboXgaBaHe nokassa npobara

P2. Mpu Hea ce Habniogasa nuHeWHO ocBoboXaaBaHe npes

nMbpBUTE HAKONKO 4aca u noseye or 90% ocsBoboaeHo
PCTBO Npes cr Te 48yaca.

V. U3Boaum:

1. CbanapeHa 6e HoBa NekapcTBO-A0CTaBsLLa CUCTEMA, 3@ KOHTPONUPaHO

ocBoboxgasaHe Ha [luknogeHak HaTpuii

2. MonneneKTponuTHUTE KOMMIIEKCH CbC CbOTHOLWEHUE XuTo3aH:anrmHar 1:1 ocurypssar

npocun 3a ocsot Ha [luknodeHak HaTpuid: NTMHEeNHO

e

ocsoboxaasaHe npes nbpsuTe 6 Yaca n ocBoboxgasBaHe Ha noseye ot 90% OT HaTOBapeHOTO
neKapcTBEHO BelecTBO B paMkuTe Ha 48 yaca

€ OCbLLUEeCTBEHO C MoaKpenarta Ha NPoeKT 3a ABYCTPaHHO CbTpyaHuYecTso Mexay [AAL, Mepmanua n HauvoHanen ®oHa HayyHn Uscneasaxue
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Synthesis and thermoresponsive properties of
branched poly(N-isopropylacrylamide) structures

loana Tsonova, Silvia Bozhilova, Sijka Ivanova, Darinka Christova

Laboratory of Amphiphilic and lonogenic Polymers

Institute of Polymers — Bulgarian Academy of Sciences

BACKGROUND

Smart polymers, also known as stimuli-responsive, are polymers that
respond in a dramatic way to even slight changes in the environment. The
response is usually expressed by changing shape, dimensions, conformation,
specific properties or functionalities, storage and release of drugs, chemicals,
etc. Smart polymers are useful for various critical applications in biomedical and
engineering fields such as controlled drug delivery, mass transfer and
separation, enzyme-activity control, tissue engineering and most recently in
artificial muscles and smart textiles.

The phase separation phenomena in aqueous solutions of
thermoresponsive polymers are classified within three general types [1]. Type |
polymers, e.g. poly(N-vinylcaprolactam) are species that follow the classic Flory—
Huggins behavior and their LCST (i.e. the absolute minimum in the phase
diagram) shifts upon increasing the polymer molar mass towards lower polymer
concentrations. Type |l polymers, e.g. PNIPAM are polymers for which the
minimum of the demixing curves is hardly affected by chain length.

Type Il polymers, e.g. poly(methylvinylether) (PMVE exhibit a bimodal
phase diagram, presenting two critical points for low and high polymer
concentrations corresponding to the Type | and Type Il behaviors, respectively:

:- \//

[1] H. Schéfer-Soenen, R. H. etal., Macrc , 1997, 30, 410-416

It is known that, or Type Il polymers, LCST is affected by number of
factors such as hydrophobic or hydrophilic end-groups, copolymerization,
macromolecular architecture (e.g. star polymers with a high number of arms,
spherical brushes).

AlIM : to obtain series of branched poly(N-isopropylacrylamide) (PNIPAM) (co)polymers and to study the influence
of copolymers composition and structure on the temperature-responsive properties in aqueous solution

RESULTS

Branched PNIPAM polymers were synthesized by means of redox polymerization of N-

Schematic presentation of the structure
of obtained polymers

isopropylacrylamide (NIPAM) when using 1,1,1-tris(hydroxymethyl)-propane (THMP) as
initiating moiety and ceric ammonium nitrate (CAN) as initiator. Polymerization, as well as
copolymerization with N,N-dimethylacrylamide (DMA) were carried out in nitrogen
atmosphere at mild reaction conditions - aq media, t ature of 35°C. As a
reference, linear PNIPAM was synthesized by means of radical polymerization of NIPAM in
1,4-dioxane using AIBN as initiator.

Copolymer composition and structure were studied by Proton Nuclear M: tic R

('H NMR) and Furrier Transformed Infrared (FTIR) spectroscopy Thermoresponswe
properties were evaluated in dilute aqueous solutions by transmittance measurements at

PNIPAM-2

increasing temperature.
'H NMR spectra of the branched polymers

PNIPAM-1

#o

’ ::fL (

PNIPAM-2
_u X

e JABE N NIL

00

1.4-dioxa

omso

Calc. My = 9000 g/mol Mole ratio [PNIPAM][PDMA] = 1:3

Clouding curves registered on UV-VIS at 500 nm
were used to determine the cloud points (T;)
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\ v v 082591

Transmittance (%)
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Tep(*C) Temperature (°C)

PNIPAM-1 PNIPAM-3

FTIR spectra of the branched polymers
compared to those of the linear PNIPAM

PNIPAM-1
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Dependence of the cloud point of the polymers’

q luti on the tration
\
o= PRPANET
0 *— PNIPAM-2|
. |+ PNIPAMS3|
s
.
% .
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CONCLUSIONS AND FUTURE OUTLOOK

The obtained branched homopolymer (PNIPAM-1) exhibited phase separation
behavior similar to those of the linear one (PNIPAM-3). The introduction of
hydrophilic PDMA in the copolymer composition induced substantial increase of the
phase separation temperature (PNIPAM-2). The molecular mass characteristics and
aggregation of branched copolymers in solution are currently under investigation.

In further studies, branched PNIPAM copolymers of varied molar mass and
PNIPAM-PDMA composition will be synthesized and also investigated. In general,
star-shaped polymers are considered promising candidates as drug delivery carriers
due to the specific three dimensional architecture and unique solution properties.
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CHMHTE3 1 CAMOACOLUMUPAHE HA :‘“v’ ’5

TIOTUTITULIAIOJI-BJI-TIOIV(e-KAITPOJTAKTOH)-BJI- TIOJIUTTIALIAION 5%
TPUBJIOKOBY CBIIOJIVIMEPU
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BuBepenme:

Epsm oT Hal-MHTeH3VMBHO W3CTIeiEaHWTe BeIllecTBa 3a paspaboTBaHe Ha HOBW JIeKapcTBEeHM pOPMM ca MPMPOIHUTE ITPOIYKTH, IPUTeKABAIH GHOMOrMYHa aKTMBHOCT KaTo
deneTiriorus ectep Ha Kadeenata kucemHa (CAPE). TexeH 0CHOBEH HeMIOCTATEHK, OTpaHMHABAI MPUITOKEHHETO M M3MOMIBAHETO MM 3a TledeHHe Ha pemuiia Gomectu, e
HUCKATa M PasTBOPHMOCT BB (PUano/IoriHa cpea v GroHammHocr?, MsnonseaHero Ha HAHOPasMepHH HOMMMEPHH MULIEITH OT BUJA sIpo-00BHEKa, 0bpasyBanHu upes
camoaceiipate Ha amgrdri GICKOBY CHIIONMIMEPH, OPeIn3BUKBEa Bee 110 HAPacTBalll Hay9eH MHTepec Mopay TAXHATA CIocoBHOCT [Ta pasTBapsaT TakuBa xunpodobmm
BMoaK IMBHY BeImecTBa, KaTo TI0 TO3M HAYIH /1a OBMINABAT TAxHaTa akTieHOcT. ETo 3amo, HacTosmoTo nacneapate e hoKycHpaHo M3KTIOMUTETHO BhPXY:

- Cumres Ha HoBM aMdudHM momMUrmnTAoN-61-momm(e-kamponaktoH)-6rn-momrmamort (PG-block-PCL-block-PG) Tpubnokopn chmommepu .

- V=cnenpare caMOacoMMpPaHETO Ha [OJTy IeHUTe CHIIONIMMEepPH BB BOJIHA Cpella ¢ Len paspaboTeaHe Ha noaxomsiny Hocnrenn Ha CAPE. Homurmpiorst e xunpodmies,
OHMOCEBMECTHM IOTHMMep ¥ Ie AOHpHHece 3a KOIOMIHATAa CTaOWIHOCT Ha I[ONyYeHMTe BEB BOOHA cpema Mwumem, dopMupaiiki TsaxHata obBHBKa, DOKaTo
TIOMKaNpPOIaKTOHET e Oropasrpamimm 1 xunpodoben momiMep, hopMUpal SApoTo Ha MUIIeTHTe, comobmmsupansu xuapododuara CAPE.

— ¥ CunTes Ha Hof amdydrTeH TOTHTIHITHI0I-010K-TI0TH (£-KaT posIaKToH)-6/T0K-TIOMHTTHITHA0T .
Pesyirrarm: TpHG/I0KOB CBIIO/IMMEp. i !
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Ilonyuasane Ha XMIPOKCH 3aBLPILIeH DyHKIMOHATM3MpaHe Ha XUIPOKCH 3aBBPIIeHTIsS
nomvi(eToxcneTiwt rmmiios etep) (PEEGE). PEEGE ¢ kpaitHa aTKMHOBa TPYIIa. PYHKIMOHATH3MPAHE Ha XWIPOKCH 3aBbpIIeH
nom(e-kanponaxton) (PCL, 4000 g.mol™) ¢ kxpaitha asmsa rpyma.
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[Nonyuasane na amdpudrien PG-block-PCL-block-PG
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1.Ycnenmio e cunresupan Hos amdudiuten PG -block-PCLy;-block-PG g tpubnokos cenomimep. Upes msnomssasero ma SIMP, log C (wivté)
WUC 11 TTIX, ChIOMMMEpPHT € IETAMTHO OXapaKTEPHIMPAH 1 € IOKAIAHA HeroBaTa CTPYKTYPa ¥ ChCTAB. ©ur. OnpenenaHe HA KPHTHIHATA KOHTIEHTpAIIA Ha arpervpane
2.Macensano e camoacommrpaneto Ha PG -block-PCL4;-block-PG,, cnommepa. (CAC) ot aBcopbunsra Ha 1,6-mudernn-1,3,5-xexcarpuen (DPH)
-Onpenenena e gerosara CAC, mo MeTona Ha comoSimmanmig Ha xugpodobroTo barpio 1,6-midenion-1,3,5 xekcarpuen (DPH). mpr A= 365 nm KaTo PYHKINE 0T KOUEHTPaLHsTa Ha BOJHI
~Ipe3 IHHAMITIHO ¥ eTIeKTPOOPeTIUHO pasceiiBaHe HA CBETIMHATA OsXa OIpeIene i XHIPONMHAMINTHITE PAIHYCH 7 PAsTBOPH Ha HOBOCHHTENPAHMA PG block-PCLys-block-PGy,
¢ morenmmmata Ha gacTiiTe, momyaern ot PGy-block-PCL,;-block-PG, cemomnepa. cenommnep mpw 25 °C

Braromaproctin ©
Hacrosmoro wscnensane ¢ (umancupano mo Hpoext AHO09M ,Hosi Groxkconomivepny mocuTems ma  JInTeparypa:

ctteTion ccrep na kadpeena xascenna *, Mot , Haysum nscressamun’, w ispaGores s Vnereryra no “Synthesys and Characterizaton of biodegradable amphiphilic star and y-shaped block copolymers as potential carriers for
Tomnuepn-BAH, nadoparopus , Moy Tporecw” ¢ momxp T Tlpoest ,Crynerrax  Vinorelbine, Polymers, 6 (2014) 214-242. "Functional multi-layered polymeric nanocarsiers for deliver of mithochondsial
nipasTmy - Pasa 17, targeted anticancer drug curcumin, Polymer, 84 (2016) 27-37.
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HeBeTta Hay4Ha cecus ,,MnaguTe y4yeHu B cBeTa Ha nonumepure* $ ATAPCKA
Hgﬂﬁ,&gpﬁ 7.06. 2018 r., UHcTUTYT no nonumepu - BAH AKAAEMUSA
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In situ cuHTe3 Ha HOB XxMbpuaeH matepuan: NMonubeHsnmuaason/LiepueB okcug

Xpucmo eHyesg!, KamepuHa 3axapueea? Cuneus Jumosa’, dunun Y6nekos’, Jecucnasa bydyposa’,
BecenuH CuHuzepcku?

"MHcmumym no nonumepu - BAH; 2MHcmumym no kamanus - BAH, 1113 Coghus, Bbnzapus

E-mail 3a spb3ka: hpendev@gmail.com; zaharieva@ic.bas.bg

BuBepeHue

B HacTosmeTo H3CIe/BaHe 3a ITBPBH ITBT YCIemHO Gellle NpoBe/ieHa in situ CHHTE3 HA HOB P P
Gellre poBeZieH IpH H3IOI3BaHe HA pa3TBop Ha MeTa-IIBH B eTaHOTHA KaTHeBa OCHOBA KaTo paz'nzopm'en H peakTanT. I Gemre ) Ha Tep: a o6paGotka mpu 300° C
BBPXY XapaKTePHCTHKHTE HAa Ilef a (haza 1 kpaiinnTe CBOIiCTBA Ha MOy P Kommozntare Gsxa oxapakrepnnpann upez XRD, FT-IR
H IpaBHMETPHYHH aHaTH3H. [[spBOHAYATHHTE Pe3yaTaTH OT GOTOKATATHTHYHATA AKTHBHOCT Ha XHOPHIHHA Ma’repuan cnpamo Garproro Merni Opark ca mpescTaBeHH.

Ha ocHosa Meta-TlomiGensnmunazon/llepues okenn. CHHTEIBT

JIeH

CmecBaHe Ha npeKypcopute

3on-ren npexop B NPUCLCTBME

Ha meTa-lBW, pa3teopeH B
eTaHonHa KOH

op Ha MeTa-llonubeHsummupaaszon

Ce (NH,),(NO,), + 4 KOH = Ce(OH), +

H.NO,
Ce(OH),=CeO, + 2H,0

OxapakTepusupate u

CrenenTa Ha pasrpakiane Ha Garpruroro Meta Opank (MO) e onpenernena
Kato ce m3nomspa 150 ml Bofen pa3TBOp H KOHNeHTpamus 5 ppm. Hanomsan
e 0.15g ¢orokaramzarop. TecthT 3a (OTOKATATHTHYHATA AKTHBHOCT €
H3BBpIIEH ¢ IIOMOIITA Ha momHxpomaragHa UV-namma (18 W), ¢ 1e/mknHa HA
BbiaHaTa 315-400 nm (MaxciMy™ npH 365 nm: UV-A ceernna). ITponechkT Ha
pasrpakaie ce mpociendea ape3 UV-Vis aGcopOmionen cmekTpootoMeTsp
UV-1600PC ¢ apmkuHa Ha BhaHata or 200 10 800 nm (Amax = 464 nm).

MpeuunuTauusaTa Ha LepueBO-aMOHWEB HUTPAT B eTaHonHa KOH
BOAM 10 AVPEKTHO nony

Abeomnca. au.

KaTanuTU4YHa akTUBHCT

CeO, ‘

POP

ny4eHus nonumep-xubpuaeH Matepuan
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—— PBI/CeO, as obtained
—— PBI/CeO, after annealing at 300°C|

DOTOKATATHTHYHHAT TECT € H3BbPIIEH MPH HeNpeKbCHaTo pa3dbpksane (400 w0 00 W0 260 20m 150 100 S0 %‘ 1500 4 1220]
Ipm — CyCIeHIHOHEH PeXMHM) IpH cTaiiHa Temmeparypa. IIpoGara goctura ]
P )-1ecop p Ha THMHO B PAMKHTe Ha 0K0710 30 < 1000+
MHHYTH [peQH 3amouBaHe Ha OCBeTABAHeTO. 3a Ja ce TeCTBa
oTokaramiTHYHATA AKTHBHOCT HA H3C/IEJBAHHS NpPAX, ATHKBOTHH YacTH OT 500

CYCIIEH3HATA Ce B3HMAT OT P CBJ1 TIpe3 omp HHTep ot
Bpeme. TIpaxeT ce OTIeNs OT ANMKBOTHHS Pa3TBOP 4pe3 IEHTpPoyrHpaHe
npexn UV-Vis cleKTpod)oTOMETPHIHOTO H3MepBaHe HA KOHIIEHTPAIHATA HA
Garprtoro. Cries1 TOBa AMTHKBOTHHSA PA3TBOP, 3ae/HO ¢ (oToKaTaIH3aTOpa HA
npax, ce BPbIa 0OPaTHO B PeaKIHOHHHAT ChJI.
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®urypa XRD aHanua Ha nony4YeHuaT nonumep-

Ha PBI/CeO, n PBI. xubpuaeH matepuan npeau v cneq HarpasaHe Ha

w 300°C. Mo copmynara Ha [lebaii-Lepep cpeaHuat
e pasmep Ha KpucTanuTuTe oT HaHookcuaHata gasa
_§ & CeO, belue onpefeneH Ha 3 HaHOMeTpa, KOeTo
-§ ./' mepa CTeneH Ha pasrpaxgaHe Ha 6arpm-|o1'o roBOpY 3a Hanu4yne Ha KBaHTOBN TOYKU B npoGaTa.
o © ‘ MO ¢ BpemeTo npu obnbusaHe ¢ YB cBetnuHa u
o e | 13nonasaHe Ha uscnegsaHua marepuan.
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3akniovyeHue u 6aewwa pabora
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