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HAHOPASMEPHH NOJIUMMEPHH MUIIEJIN OT CMECEH THII
KATO E@EKTHBHH AHTH-BHO®WJIM ATEHTH

P. Cranuepa', E. Xanamxosa', Ls. Hayuona-l{pbcTcBaz, 1= Tony3ona-Xpucrona3‘, C;
Crounosa’, I1. Tletpos’

"Huemumym no nonumepu - BAH, yu. Axad. l'eopeu bonues, 6n. 103, ex. A, Coghus
2Huemumym no muxpoouonozus - BAH, yn. Axad I Bonues, ar. 26, Coghus
*Buonrozuuecku haxyamem — CY, oya. ., Apazan Hankoe ™ 8, Codhus

Ilenra va Hacrosuara pabora e na ce nonydyar eeKTHBHM M GHOCHBMECTUMH
TOJIMMEPHH HOCHTEIH HAa aKTHBHMU BelllecTBa 3a TpeTHpaHe Ha baxrepuaiiu Guodunmy. B tazu
Bpb3ka Osixa monydeHH cmeceHH nonuMepHu wmuuenu (CIIM), Hoceld KaTHOHHH H
HEHOHOIeHHH CerMeHTH B MulienHaTa kopoHa. CTIM 6saxa dopMupasu Ype3 cMecBaHe Ha JBa
ampuduinuu TpHONIOKOBH ChIMIMMEpH - [0aH(2-(IHMETHIAMHHO)eTHI MeTakpuiar)-6-
MoNH( E-KanponakToH )-6:i-nosu( 2-( AIMMeTHIAMHHO )eTHIT METAKPHIIAT) H I1OJIH(ETHIIEH OKCH/1)—
On-nonu(nponiieH okcua)-0-nonu(eTHICH OKCH/L) IPH TPH Pa3iHiyHH MOJIHH ChOTHOILCHHS
(3:1, 1:1 u 1:3). HoBute HocuTeny 6sxa AeTailiHO oXapaKTepu3HpaHH, KaTo 0sXxa onpe/ie/icH
KPHUTHYHA KOHIEHTpalUMs Ha MULenoobpasyBane, (-NOTEHIHAN, XHIPOIHHAMHYEH JHAMETH,
paznpezenenue 1o pasmep u Ap. CIIM 6sxa natoBapenu ¢ aHTHOHOTHKA LHNIPOGIIOKCALIHH [IPH
pa3IMYHK CLOTHOLUEHMS Ha NoIHMep/nexapcTBo, Bapupamu ot 1:1 mo 50:1. Crenenra Ha
HATOBAPBAHE HA JICKAPCTBOTO M KalalMTETa HAa TOBAPOHOCHMOCT HAa HOBHTE HOCHTENH OsXa
onpejelieHH, KaTo delle norbpceHa 3aBiHcHMocT oT cbeTaBa Ha CIIM. YeranoseHo Geute, ye
HOBMTE HOCHTEIM ca crnocobHH J]a npHeMar aHTHOHOTHKA KakTO upe3 CONOMIH3HpaHe B
xuapodobHOTO MHLENHO HAPO, Taka M 4pe3 eIeKTPOCTaTHYHH B3auMoceiicTBHA B
xugpodunHara MuuenHa KopoHa. bewe wscnensan npodmia Ha ocBoboiklaBaHe Ha
nexapcrBoro ot CIIM, kato npu BcWukd cHcTeMH ©Oemie HabmogaBa  yALIKEHO
oceobokaBaHe. Beuuku cucteMu ce xapakrepHsupaxa ¢ jobpa 6uocsBmectumoct. bsaxa
IPOBE/IcHH TECTOBE 3a ONpejeisHe Ha e(eKTHBHOCTTA HA HOBHTE HOCHTEIH BbPXY 3peiH
bakrepuanuu ['pam-nonoxurenuu u ['pam-orpuuarentiu 6uodunmu. CIIM nokasaxa cunHo
exconuupaio jgelictBHe M crocobHOCT Ja NOATHCKAT MeTaboJIMTHA AKTHBHOCT Ha
ouodmnmure. Cnegoparento nonydyerute CIIM umar noteHuuan aa 6bAaT H3MNOI3BAHK KATO

aHTH-OMOdMIM areHTH.

Kawuosu aymu:

THonumepnu muyenu, rexapcmeenu Hocumenu, Gaxmepuainu Guogpuiu

baaropapuoctu:

Hacmosiwyume uzcnedsanun ca punancupanu om Hayuonanen gpono ,, Hayunu uzcredsanus,
IHpoexm Ne KTI-06-H41/8.
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HOBA ®OPMYJIHPOBKA HA MACTHJIO HA OCHOBATA HA
MO/JHPHUITHPAHA 2-XHIPOKCHETU/INEJIYJIO3A 3A 3D
INIPHHTHUPAHE

Bemmnpa lummtposa, Iletsp 1. IleTpor

Huemumym no nonumepu, Bvizapexa akademus Ha HayKume,
Cogpua 1113, yn. Axademux I'eopzu Bonues, 61, 103 A

Tpumzmepniat (3D) OnoneyaT e MeTOX 3a JIeNO3IpaHe, CIIOI 1o cIoil, Ha OIoMacTIUIa
CBHOBPIKAINI KISTKH, pacTekHI (GaKTopH M ONoMaTepHanl 2a MPOHBOACTBO HA TPHIRMEpHH
00eKTII, IMHTHPAaNTH MaKCHMAaIHO XapaKTepHCTHKNTe HA ecTecTBeHNTe TBKAHIL/OpraHI, 3a
H3M07I3BaHe B THKAHHOTO HHJKEHEpPCTBO 1 pereHepaTHBHATa MelnumHa. MacTimoTo Tpsabea
J1a MPHTEKABA ONATOMPHATHI XIIMIYHII I OHMOJOTHYHH XapaKTePHCTHKIL, KaKTO I TIOIXO0IMII
BIICKO3NTeT, IIO3BOIARALL IPHHTHpPaHe HA (IIHA HellpeKbCHATa CIPYIIKa, ¢ el [ToTy4apaHe Ha
Mper3Ho I3ee ¢ TOYHO JeduHIpaHn pa3zMepi. IIpnpogHnTe mommMepH oT pacTHIENIeH
MPOM3X0]1 ¢a OHOTOTHYHO CHBMECTHMIL, Pa3rpaJiMII I ¢ OTHOCHTETHO HICKa IieHa. [lopamn
Ta3N OPHYINHA ca M3KIIYNTETHO MOIXOIAIIH 3a OCHOBAa Ha macThia 3a 3D mpuHTHpaHe. 2-
Xunpokenermmenynozata (HEC) e HelloHeH, BOJOPa3TBOPHM IIONIMep, IPOYYBAH KaTo
aJTepHATHBa Ha MACTILIaTa OT MaTePHAII C JKIIBOTITHCKI ITPOM3XO/I.

JlokTanbT mpeAcTaBs NHPBOHAYAIHNITE pe3yiATaTH OT pa3paboTBaHETO Ha HOBa
dopmympopka Ha MacTiio 3a 3D mpuHTHpaHe Ha OCHOBaTa Ha Moxandmmupasa 2-
XHIpoKCHeTIIeny103a. HamepeHH ca ONTHMATHITEe peolOrHYHI XapaKTepHCTIIKH Ha
dmzmraeckn rex or HEC 3a npuHTHpaHe Ha KOHCTPYKTH ¢ JAe(IHIIPAHI pa3MepH H CTPYKTYpa.
Upes peakiig Mexay XHIpoKkcILTHI rpyni oT HEC 1 akpHiIont X1opiil, B MaKpOMOJIeKyIITe
Ha [MOMIIMepa ¢a BKIIOYUEHII aKPIIIATHI TPYIIH, KONTO [TO3BOIABAT (DOTOXIMIIMHO OMpEXBaHe
Ha MaTepHalla, HellocpeACTBeHo clle] npuHTHpade. Momndumpanero Ha HEC e mokazaHo ¢

IIOMOINTa Ha ]IHd]pallEpBEHa CIIEKTPOCKOITHA H IMPOTOHEH AJPEHO MarHHTEeH pe30HaHC.

Knwouoen aymu: 3D npuxmep, 6UOMAcmuto, 2-XUOpoKcUemT yeryio3d, mpuuzMepHu
obexmu, buonevam

BaarogapaocTH: Ademopume daazodapam Ha npoexm No BGOSM20OP001-1.002-0012,
Ienmuvp 3a xomnemenmuocm ,, Vemoiiuueo onoizomeopasane Ha duo-pecypcu u omnaovyu
om JeuebHU U APOMAMUYHYU PACTEHUA 3d UHOSAMUEHL DUOAKMUEHU HPOOYKMUL
Qunancupan om Onepamuena npozpava ,, Havka u obpazoeanue 3a unmenuzenmen
pacmexc” 2014-2020, cvgpunancupara om Eeponeilickua cvio3 upez Eeponeiickua ¢poHo 3a
Pe2UOHATHO pazeumue.
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Hoau(cyadoderann MeTAKPHIAT-Ch-BHHHJ ITHPOJIHAOH) CLIOJIHMEPH KATO
JEKAPCTBOJOCTABAIIH CHCTEMH 32 THMOJ101 MAJleaT
Jennua Hukonoea!, Xpucro Layer?, ivuezap Xpucror?, Enena Bacunegal

L/TafopaTopia o CTPYKTYPA B CEOHCTES Ha nommepiTe, haxyarer no xuuus 0 dapyanna, OV Ce. Kanmenr Oxprackn”, Codna 1164, Buarapua, Gy,
Jweiive bayqep MNel, 2MlaGopaTopis o TEXHOJOTHE Ha DekapeTeesTe dopsn 8 Grodapsaanus, Pannrer mo xouus o dapscagin, CY  Ce. Knasest
Onprackn”, Codr 1164, Brnrapus, Syn. Deciinec Baysep Nel, 3lafoparopia no BoJopa3TEOPHMHE OOIHMEPH, MOMACICETPOAHTH B GHOROIMMEpH,
DarynTer no xauu B gapuanns, OV Ce. Knpuent Oxpagesn™, Codma 1164, Brarapes, Gyn. [Taeiisc Bayuep Nel
rﬂﬂ}'KDMﬂTa ¢ €IHO OT Hai-4ecTo CPCIIAHHUTE OYHH SHGOJIHBEIHHH B CBCTOBCH Mamaﬁ,
BOOEUIO N0 IMTPOrpeCHBEHO HAMAIABAHC Ha 3PEHHCETO HA IMAHHEHTA, KOETO MOMWE Ja NTOBEIC U 0
ITkJIHA CICIIOTA. KOHB@HHHOHE..’]HUTO TpETHpaHE HA 3aD0/MBAHETO € ¢ HECE/IeKTHBHHMS GE-TS.
6nokep Tumonon maneat (TM), koiiTo Haii-uecTo ce BHACA B 0KOTO 1o hopMaTa Ha KAMKH 3a
oud. To3H METOM, oﬁal{e, HE OCHI'ypaBa O0OCTAaThYHA ﬁuona:mquocr Ha JNCKapCTBECHOTO
BECIECTBO (OGHKHOBEHO non 5% ], nopajgH KpaTkoTo BPEME Ha KOHTAKT MCEHY JIEKApPCTBCHHA
HOCHTE] H O4HATA IMOBBEPXHOCT, KaTo IIpH TOBA YacT OT JICKAPCTBCHOTO BCLICCTBO CC OTMHBA
OT ChI3HATA TEYHOCT. TBI{E, KOHBEHIHOHAJIHHTE METOIH 34 NOCTAaBAHEC Ha TM B ounTe He MOrar

JAa OCHI'YpAT U(iJGKTHBHDTD MY TEpallcBTHYHO ,chiichHc, KOCTO onpciciia H HeOGXO,ELHMDCTIa

oT pﬂBpaﬁOTBaHeTO Ha HOBH JICKApPCTBOJOCTABALIN CHCTEMH 34 Ta3H LEL.

Llenta Ha Hacrosinara pabora € Aa 6baT Ccb3/1a/IeHH HOBH JIEKapCTBEHH HOCHUTEIH 34
TM nox dopmaTa Ha MEKH KOHTAKTHH JICILH 3a 04, Ha Da3aTa Ha CHIIOIHMEPHH XUIPOreIoBe
Ha cyndoberanH MeTakpuiaar ¥ BUHWI nupoiauoH. [Tonyuenn 6sxa 3 pasnHyHM cheTaBa Ha
CBIIOJMMEPHHTE XHJporeioBe. bsixa onpejeleHy TeXHWTe paBHOBecHa crerneH HaOnOBawe,
MOJ1yJl Ha €1aCTHYHOCT, KaKTO H e)eKTHBHOCTTA H KalaluTeTa Ha HaToBapBaHe Ha TM B TaX.
bsaxa mnpocneseHd W npoduIMTe Ha JICKAPCTBEHO OcBODOMKIaBaHe OT CBIOIMMEPHHTE
XHJIporesoBe ¢ pasjinyed cbeTaB. CrnocobHOCTTA HA NONYUYSHHTE CBIIOJIHMMEPH 1a NPONyCcKarT
BH/MMa CBET/IHHA D€ OLleHeHa, ¢ Or/le]] Ha PHII0KEHHETO UM 3a HallpaBaTa Ha MEKH KOHTAKTHH
aewu. Taka, HacTOSIETO H3C/IEBAHE PA3KPUBA MOTEHIHAIA HA CBIIOIMMEPHHTE XU IPOIeoBe
nonu(cyngoberann MerakpHIaT-Ch-BHHWI ITHPOJIKIOH) KATO MATepHalM 3a HalpaBaTa Ha

MEKH KOHTAKTHH JICIH, JocTaBsaiuy TM B ounTe.

Kmouosu aymu / Key words: Maykova, Kowmaxmuu newgu, Cynghobemaun memaxpunam,
Bununnuponudon

baarogapnoctu / Acknowledgements: Asmopume uszkazeam Orazodaprnocm na PHH,
npoexkm  KII-06-1002/4, kaxmo wu na Hayuonamma npozpama ,Miadu yuenu u
nocmooxmopanmu 2"



DoKxrao 4

MODIFICATION OF MESOPOROUS SILICA MATERIALS FOR
EFFICIENT CO2 ADSORPTION

Ovundari Tumurbaatar', Violeta Mitova®, Pavletta Shestakova', Margarita Popova', Neli
Koseva®

!Institute of Organic Chemistry with Centre of Phytochemistry, Bulgarian Academy of Sciences,
Acad. G. Bonchev St., bl. 9, 1113 Sofia, Bulgaria
*Institute of Polymers, Bulgarian Academy of Sciences, Acad. G. Bonchev St., bl. 1034, 1113
Sofia, Bulgaria

The adsorption methods for CO:z capture are characterized by high selectivity and low
energy consumption. Therefore, engineering solid supports for efficient CO; adsorption attracts
research attention. Modification of mesoporous silica materials with tailor-made organic
molecules can significantly improve silica performance in CO; capture and separation. In that
context, a new derivative of 9,10-Dihydro-9-oxa-10-phosphaphenanthrene-10-oxide, known for
its anti-oxidative and flame-retarding properties, was synthesized and applied as a modifying agent
of SBA-15, SBA-16, and KIT-6 silicates. SBA-15 and MCM-48 mesoporous silicas were modified
with functionalized (3-aminopropyl) triethoxysilane (APTES) by using the post-synthesis method,
thus introducing N- and P-containing groups to the pore surface. The physicochemical properties
of the initial and modified materials were studied by nitrogen physisorption and temperature-
gravimetric analysis. The adsorption capacity of CO2 was measured in a dynamic COz adsorption
regime. The modified materials displayed a higher capacity for CO; adsorption than the initial
ones. Among the studied sorbents, the modified mesoporous SBA-15 silica showed the highest
adsorption capacity for COz (3.9 mmol/g). A value of 4.60 mmol/g was achieved for the MCM-48
material grafted with the Schiff base residues. In the presence of 1 vol.% water vapor, the
adsorption capacities of the modified materials were enhanced. The total CO:2 desorption from the
modified materials was achieved at 50-80°C. The obtained silica materials were stable in five COz

adsorption/desorption cycles.

Keywords: CO; capture; modified mesoporous silicas; Schiff base; aminophosphonate, DOPO derivative.

Acknowledgments: This work was supported by the Bulgarian Ministry of Education and
Science under the National Research Programme “ Young Scientists and postdoctoral students -
2" approved by DCM 206 / 07.04.2022.
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Jlocmep 1

L)

Pa3spaboTBane Ha HaHOrell OT IPUPOHUTE NOJIUMEPH
XMTO3aH U alOyMHH KaTo JIEKapCcTBO-/10CTaBA1a
CHUCTEMa 3a JIOKCOPYOHIIHH

JI. Panera!, M. 3axapuesa?, X. Haiinenckn?, K. Honuena!

MEQMUMHCRH YHHBEPCHTET - CODHR
TAPMALIEETHYEM DARYATET

'Karcapa  TexHoaoria Ha ICKapeTREHHTE CPEIcTES ¢ GHodapmang’, (DapuanceTHcH dakyaret,
MY -Codaa, 1000, Codna, Brarapus
*HacTaTyT no sukpobsonorad  Credas Asresor”, BAH, 1113, Codma, Buarapia

HokcopyDHIH ¢ aHTPALHETHHOE AHTHOHOTHE, ROATO NpHTEKaB [HPOK NPOTHBOTYMOPEH CHEKTEP Ha
AeiicTene. EQHH OT HETORMTE OCHORHH HEJOCTATEIH ¢ HUCKETA MY cTaliiHoCT Dopadd doropailpakiate.
Hanorenosere ca HaHoUacTHIM, KOMTO npeacTasmaear 30D Mpeski B MOraT 1o BRIKOMBET B KYXHHHTE CH
BEllecTsa ¢ PAAIHYHK XapakTepieTii. Llerma Ha BacTosmors Kaciepake ¢ eHEancyiinpaHe Ha
A0KCOpYOUMLHE B HAHOTETHA CHOTEMA W PEIIABAHE HA IHH OT OCHOBHITE MY NpofieM# — HeropaTa
(pOTOMYBCTRHTEIHOCT.

[lonyuasane 1
HATOBAPBAHE

" Chilnsan
5 =

EIE Y 100
MIrE |

OxapakTepuzHpaHe

'\11‘ 1‘1,
1"-"&.‘:;‘&
lFLLLﬁ""H:"I-

A A

Tpaeree =

S A A S P —— "
nepn r— . 5 iz, TEMM mews s e [ ——
EporERCTYMOmEG arcET Joacopyimum a BT a3 cpoacn aHAuNETHR pH=14.

In vitro HacnegBaHuA 3a
HHTOTOKCHYHOCT

ESH

Tecrtose za
cTabHIIHOCT

¥H-vimra Excnicmmue na asomy csrrumn

amse ame

1
- ® H
=0 =
- 00X = DOX
- CADOX & a0
0 W @ M % = e o 8 W B m 2 W
Tm, mn Time, days
Ir v mpy yapan (HaCaT wacrcaym
Tecrase 1. caca VB u p— cnmacpu mmu-mm..mnmm—r-mmmm
S R —— - Y N ——
apeImn ey ar - ez oy wry ESHEIENTPAIBN AN SO N P TYMS[ISITE EICTEN, B SPAREINE SLC EIFARNTE.
ncTaTLEL DT AR BRSO SR

/R O

JakmoYeHHS

Venemso Guxa NoTyYeHH HAHOTENOBE OT NPHPOIHATE DOIHMEPH XHTO3MH 0 aniyMuE, 1 Oe RaToBapeHo
[POTHROTYMOPHOTO RELECTRO J0KCOPYOMUHH. YacTHIiTe ce XapakTepHiipaxa ¢ke cpelied pazmep nog 100 nm
 cdrepiiaa dopaa. ParpaboTenara TeKapeTRO-JOCTARANEA CHCTEMA OCHIYDPH NPOTEKLMA H JokcopyiHIHH oT
doTopasrpasiaHe, NOBHIIH HETOBATA CTAOMITHOCT W IOI00PH NPOTHROTYMOPHHR MY chekT BEPXY KApIHHOMHR
ENETER.




Jlocmep 2

ITosryuaBaHe Ha TEPMOYYBCTBUTEIHU XUIPOTeIOBe Upe3
dm3mgecko oMperkBaHe Ha XUIPOKCHMIIPONMIIIETYI03a

MHCTWUTYT no BEBATAPCEA
NONTMMEPK Anna [panuesa, K. Kawenosa, I1. [Terpos AKAAEMHMA
[BLAFAPCIA AXATEHMS HA HAYHTE |

na HAVKHTE
1869

Bueemenie: XugporenoseTe ca TPHUIMEPHH IOIMMEPHH MPEXH, KOWTO MMaT crocobHOCTTa fa HaDLOBAT M 12 3 LPAAT SHAYMTETHO KOTMEeCTBO Bojla
B cTpykTypata cu. TMonygasar ce 9ped puaHHe Wi XHMHHHO OMPEeXBAHe Ha MPHPOIHE WK CHHTETHYHN Nonmvepr. Te mpUTesasaT xapakTeprcTHEN
KaT0 MOBMINEHA DHOCEBMECTHMOCT, DHOPaIrpamMMOCT W HHCKA TOKCHWHMHOCT, INOPagM KOETO HaMupaT MHPOED npuinoxedue s obacrra Ha
GuomemmipHaTa. Xugpokcunpormamenynosata (HPC) e xuapodiien eTep Ha LenyiosaTa, KOATo npuiobusa Bee No-rofisM MHTepec 3a dhapuanesTiim
NPIIESHMA NOPaaH CBOATA GHOCEBMECTHMOCT, GHOPAITPATMMOCT M FLIMOKHOCT Aa obpaivea oDpaTHMD XHIPOTEIOBE 9pes (HIMIecko OMpexBaHe Ha
OOTHMEPHITE BePITH.

HueruTyT no nonuMepu, BAH, ya. Axan I Bonuen”, 61. 1034, 1113 Codua, Enarapus

Iem: Lienra Ha HACTOAILETO DPOVHBAHE € NOIVHABAHE HA TEPMOYYBCTEUTETHH XMAPOTEIOBE S9pes (PUIMHHO OMPEABAHE Ha XHIPOECHITPOITILETY 1033,
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Jlocmep 3

e

ITosrygaBaHe Ha HAaHOpa3MepHM MOJIMMEPHM MUIIeINn 3a
MMOOMIM3MpaHe M KOHTPOJIMPAHO JOCTaBsAHE Ha

UHCTUTYT no MIPOTEOIMTHYEH eH3MM CepaTHOmenTHIa3a BbAT'APCKA

NONMMEPW - AKAAEMWA

B APCHA AT A HATKUTE] ——— pLEP ra HAVKHUTE
HucrutyTt no nonameps, BAH, ya. Aran, [ Bosuer”, 61 1034, 1113 Codun, Brarapun 1BGS

Cepanmmnaaa‘ra (Serratiopeptidase] e DpoTeomMTHTMEH EHIMM, OOPENETEH KATO LCVOEP eHMM”, KOWDD € C [Q0KA3aHa  MOOIH
MPOTHEOREINATHTENHEA aKTHBHOCT. KomHiHata ynoTpefia Ha ensia e ceofnesa 3a MHOM0 3aboNsBaHNA KETO aPTPHT, CHHYINT, IPH FRIATHTETHH 3a00IHBaHHA Ha
wepsaTa, GubpoOKHCTOIa HA IEPAATE, XPOHKYEH GPOHXNHT, NOCTONEPaTHEHO MogyeaHe 1 Bonka, atepocknepoaa u ap. Kpsmmsnsr npofimes mpy eHsaMHaTa Tepanis
FRIHHMKBA OT INOJIeMMHE PE.'{I-IEP Ha TIPl'ITEmaTa un."'lEK__Vﬂﬂ.. 'I}'BmmEm'mTﬂ M KEM ;‘;EH.E'[}"PEJJ.“ﬂ " PEl'{]'Paw.I—]E_ l:pa‘ncuﬂ I'Jnrr_',.'mnT ™ momaTa E“UHEJ']WH—IUL_J'.
HanoHocHTEmMTe MMaT pegHua MPeqUMCTEA KATO CHCTEMM 33 JOCTABHHE HA [EKAPCTE, BIIHMBAIIN DHOCEEMECTHMOCT, OHopasrpagmmoct, craliomHOCT, BHOOK
KANAIMTET HA HATOBAPEAHE W KOHTPOIHMPAH( OCBOGOEIABAHE B LENEBMTE KNETKH. [Ipe3 NOCTeMHUTE MOMMEN IOTHMEPHUTE MHIETH €8 IIMPOKD HICEEaHM B
MPeHETHHIHA OPOYSBIHNAE 38 QOCTABEHE Ha Pefiia DHoanTHEHM BeIECTEA, BINTHSHTETHO TepanesTiasHn nporesss, [THE w PHE

u&": H-.Err.ra Ha HACTORIIETO MTPOVHBAHE € IIOTVHABAHETD Ha I1J!"HKIJ.1‘MHE.I'.II-I.1'I HAHOPAIMEPHHN [IOTTHAE DPHH HOCHTENTH 33 “LN.'PEI‘LITI'EHPEHE Ha NpOTeTHTHYEH EHIHM
CEpPaTHOITeITTHITASA .
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Paznpedesenne no paivep na PDMAEMA Zema nomenynne wa PDMAEMA suyen
AT

Yemenmo Geme cuamemipan asdwidwren noma(2-{mEseTinaniEn) et MeTakpunaT)-Gnox-nome E-xanponar o )-Sroe-rom | 2-(IMMeTHIAMITHO JETHT MeTaAKPIITAT)
(PDMAEMA-b-PCL-b-PDMAEMA) tpubnokos cenomuep wpes nommdeprsanns © o0pariso OpUCEeIMHABAHE Ha pepurata u ¢parmentipane (RAFT). Bsoa
DOUIVHEHH PYHEIMOHATHE HAHOPAIMEPHN MuLem, cwrspxamy xugpododao PCL sapo uw PDMAEMA ofeuska. Yacrummume wmar samsk passep 56 nm u

THUVIOAEHTENIEH 30Ta MIOTeHITHAT — 18 mV. Katuouemme AMHIIETH I5e l'.TEq;lﬂT HATOBAPEHM B obBMBEaTa C NPOTEIIHTHHEH PHAHMM — CePaTHONETTT A,

BIaromapHocTH: AETOPHTE MIKAISAT CEBOATA DNarOAapHOCT KEM Do Haywy iacneasanmd (Jorosop KIT-06-Ma%/3 ot 08.12.2022) 3a (iHAHCORATa MOMKPENA M Ha IPOEKT
WMWWWWWHWW nokpenesa or fearapekoTo MUHHCTEPCTED HA 0DPas08aHHETO I
HAVKATa) 32 M3CIEAOEATENICKOTO 0GOPYIBAHE, B TOBA 2




_ Jlocmep 4

_— . BnakHa ckC cTpyKTypa chpLeBUHa-ABOWHa 0OGBMBKa OT NONUETUINEHOKCKHA, -
;-
'\m Monu(L-nakTug), nueneH BOChbK, NoNy4eHU Ype3 camoopraHusauusa B I HHCTHTYT =

N MCHTFMEP
. - [rurrirces s ma en =z |

— npoueca Ha enexKTpooBnakHABaHe M2 pa3TeBop
Cenun Krourok!, Awnana Maneea’, Heeena Manonoea', Mnua Pawkoe', lavnena Kapawanoea?, Haga Mapkoea®

NaGopamopus BUoNOZUYHO aKMUEBHU Monumepl, MHcmumym no nonumepu, Bxnzapcka akadeMus Ha HayKume,
yn. akad. I. Bonvea, 6n. 103A, Brnzapus;
? HHcmumym No ONMUYHY Mamepuanu u mexnonoeuy, Grnzapcka akademun Ha Hayrkume, yn. arad. I Bowvea, 6n. 109, Brnzapus;
* Unemumym no mukpobuonozus, Brnzapcka akademus Ha Haykume, yn. axad. I Bonvea, 6. 26, Brnzapus

3a nony4yaBaHeTO Ha BNaKHa CbC CTPYKTypa ChbpUeBMHA-0OBMBKa 4pe3 eneKTpooBNakHABaHe ca Heobxogumwu
cneymanHu npucnocobneHnsa. Bx3moxHo e npu nogtpaHu YCNOBMA Oa ce NONy4aT BNakHa C apXMTeKTypa OT TO3M
TUN 4Ype3 eneKTPpoOBNakHABaHe W3 o0w pa3Teop Ge3 wWaNonN3BaHe Ha AONBAHMTENHM YCTpoOWACTBa. [MpwM
eneKTpoOENakHABaHe U3 06w pazTeop Ha nonuetuneHokcug (PEO) m nueneH Bockk (BW) 6Axa nony4yeHu BnakHa
chbpueBuHa-obBuBKa' , a npn gobassHe Ha nonu(L-naktua) (PLA) — BnakHa cbpueBMHa-gBoWHa obBuBKaZ . BbB
BNakHecCTUTe maTtepuanu Gewe BKNHYEHO MOAENHOTO NeKapPCTBEHO BEWEeCTBO 5-HUTpo-B-xnapokcuxnHonuH (NQ).

BnakHa cbpueBuHa-obBuBKa ot PEO/BW

TEM mukporpadcum XPS cnextpw
PEO BW
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3aknw4eHue: YecnewHo BAXa nonyyeHW BNakHECTHM MaTepuand ChpuUeBMHa-OBOWHA 0OBMBKA OT cMcTemarta
PEO/PLA/BW uype3 egHOETanNHO eNeKTPOOBNakHABaHe. ToBa Oewe oT4ageHo Ha pasnMKaTa B MOMHWMTE MacH Ha
KOMNOHEHTWUTE, KOATO € MNpUYMHaTa 3a pasnMyHata cnocoBHOCT 3a MWrpauMA B npoueca Ha
eNneKTpooBnNakHABaHe. HeckBMECTUMOCTTa MexOy KOMMNOHeHTHMTe W XuapodcgobHOCTTa Ha Bb3gyXa CbLUO
WIrpaAT BaXXHa PONA 3a NONy4YaBaHeTO Ha BrakHa c onpegeneHd gu3aiH. BknwuyBaHeto Ha NQ BB BNakHecTUTe
MaTepvanu npMaane aHTU6akTepWanH W NPOTUEONE6MUHKM CBOWMCTBA Ha MaTepuanure.

Bn darogapvMm Ha: 1Kyuchyuk, S.; Paneva, D.; Karashanova, D.; Markova, N.; Georgieva, A.; Toshkova, R.; Manolova, M.; Rashkow, I.

Macromol. Biosci. 2022, 22, 2200015
@®HW (Aorosop KM-06-H39/13/2019) n * Kyuchyuk, S.; Paneva, D.; Manolova, N.; Rashkov, 1.; Karashanova, D.; Markova, N
Ha HH®PAMAT 3a npenocraseHara anaparypa. Palymers 2022, 14, 5036.




Jlocmep 5

f &‘\ EnekTpooBNakHeHW MaTepuanu oT LieNyno3eH aleTar, AeKOpUPaHu ¢ F

| el | yacTuum ot 5-HuTpo-8-xugpokcuxuHonui/PVP (PVA) ¢ anTuMmukpobHa u POLYMERS
Sty NpoTUBOrbGMYHa aKTUBHOCT

Hacko Hauyegs', Mapua Cnacoea’, Hukonera CtoAaHoea', Muneda Wruaroea', Heeena Mavonoga', Mnua Pawkos', Haga Maprkosa®
Mabopamopus BuonozuyHO aKmMuUeHU nonumepy, HHcmumym no nonusmepu, Bxnzapcka axademus Ha Haykume, Gn. 1034, 1113 Coghun, Brnzapus
‘Mrcmumym no mukpoSuonozus, Bnnzapcka axademus Ha wayxume, 6n. 26, 1113 Coghun, Br.nzapus

EnekTpoOBnakHABAHETO & BLPXOBA TEXHOMNOIMWA, KOATO NO3BONABA NONYYaBaHETO Ha BNakHa ¢ AWaMETPH B MUKPO- W HaHOCKanaTa.
EnekTpoOBnakHeHWTe NONMMEPHWA MaTepWand MoOraT Aa HaMepAT nNpunoxeHWe B peavua obnacTv: MeAMUMHa, capMmauMs,
KO3METHKa, CEMNCKo CTONaHCTEO U Ap. NpunaraseTo Ha eHOBPEMEHHO ENeKTPOOBNaKHABAHE M eNeKkTpopasnpLCKBaHe NO3IBONABA
ABKOPMPaHETO Ha BNakHaTa € paznuMydd Buaose 4YacTuuw. Llenynosata e Had-pasnpocTpaHeHWAT npupogeH Guononumep.
LUenynoziuaT aueTtat (CA), koWTo & NPOMIBOAHO Ha Uenyno3aTa, e GMopasrpagMm W peLMKnMpyesM NoONMMEP € HMCKA LeHa 1 nobpu
thuanko-MexaHu4HKn ¥ GapuepHn ceokcTea. MonuenHunnuponuaodsT (PVP) v nonu(emnunosuaT ankoxon) (PVA) ca nopGpaxn 3a
H3non3eaHe BLE BNakHecTuTe Matepuwanu ot CA, TH KaTo Te3W HeAOHOreHHW BOAOPA3TEOPHMM NONUMEPH ca BHOCLEMECTHMH M
MPUTERABAT MHOMO HUCKa TOKCHYHOCT. LlenTa Ha HACTOSLIOTO W3CneaBaHe e nony4YagaHeTo M OXapakTepu3IMpPaHeTo Ha BNAKHECTH
Mmartepuand Ha ocHosata Ha CA, PVP (PVA) w 5-uutpo-B-xugpokcuxuHonuH (5N}, nony4eHw 4pes egHOBPEMEHHO
EMeKTpooBNakHABAHE W ENeKTpopasnpbLCKBaHe W ONpeaenAHe Ha TAXHATA aHTUMMKPOGHa U NPOTHBOMLGMYHA AKTMBHOCT.

Matepuanu Cxema Ha anapartypara
Lenynoaeu auetar (CA) NonvanHuAnMponuaod  [TOMMEMHANOE ANKoxXon S-HMTpO-
Mn = 30 000 g/mol (PVF) (PVA) 8-XMAPOKCHXMHONMH
Mr ~ 24 000 gl'mul Mw ~ 31 000 gimol (5M) HOMEKTOR EMETROP AN LCKEAHE
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HETOKCHYEH NoNnHMep HETOKCHYHH NOMAMMEpH ApOTHEGPAKOEKH CRONCTEA

Mopdonorua 1 oMOKpAHe PeHTreHOCTPYKTYpeH aHanus
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In vitro oceoboxnasaHe Ha 5N AHTUMHUKPOOHA M NPOTUBOrEBMYHA aKTUBHOCT

AHTMMHMKpODBHaTA aKTUBHOCT € Wicneneaxa cpewy E. coli,

S [powedor)

P. aeruginosa, 5. aureus, a npmuaorbﬁuquam cpeu.w C. albicans
" g 3 85% . J pte
- 5 9 i1 ¢ 82% §
Fn
ful o0 L v rew 3
= i .
Bl g% 3 ! “
D
E.l s
gt G
= o Shnthma w
ﬂ 0 PYP,SN-ovi-{SH--0 A ) mat =4
b & PVASK-no5N-in-CA) mat m
8 £
L] 5 el 150 Fod E ] 0 350 &0 —
Time (min) s
o

3akniouenme: MpH npoBemgaHe Ha eNeKTPOOBNAKHABAaHe B CLYeTaHMe C eNeKTpopa3nNpLCKBaHe, ca NOMy4YeHH
meMBpaHM Ha OCHOBATa Ha LeNyno3eH alueTaT, AeKOPWPAHW € YACTHUMW OT 5-HUTPO-8-XxMApPOKCHXMHONUH/PVP (PVA).
JekopupaHeTo Ha BrnakHaTa ¢ 4acTMUM BOAW A0 XMAPO(MNM3ALUMA Ha NOELPXHOCTTA Ha MaTOBETe W ynecHABsa
oceoBokaaBaHeTo Ha BMONOrMYHO AaKTUBHOTO BelecTeo. Te3W CBOWCTBA NPaBAT NoNy4YeHUTe BNaKHECTH MaTtepuani
obeljasalyy KAHAKWAATH, KAKTO 3a HaNpaBaTa Ha NPeBPBL3KKA 3a PaHM, Taka M NPW NOKaNHO NeYEHWe Ha pak.

BnarogapHocTi: ABTOpPMTE W3Ka3BaT cBoATa BnarogapHocT Ha ®HW (Ooroeop KMN-06-H39/13/2019)
W Ha porosop MIHDPAMAT 2a chvHaHcoBaTa nogkpena.
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Bueenenne

CiepiENTe  HYKICHHOBN  kmceammn  (SNAg)  ca |

HZHOCTPYKTYPH, CRCTOALH ©€ OT SAp0 OT HAHOMACTHUN, CHRPIAHD ©
ECPHTH HYRICHHOEH KHCCAHHH, KOHTO ofpatvesT o0BMEKS, OKOI0
agpore. Te NpHTCKSEST peaMua GROJOHSHHE OpeIHMCTRL KaTo:
HIKIHHTCIHA  CTAOHIHOCT BRE  QHIHOONOIWHHH  Cpedd o
YVCTOMHBOCT  KEM  ONPCICACHH — ERTPCKICTEMHH  CHIHME
CcoCODHOCT 12 NPOHMEBST Npes  EAcTe9HHTe Mesmbpann Ges
HIMOMIBAHC Ha TpaHCCKOHOHHH AarcHTH: NpcMHHAEAHE TIP3
Oronoririan Dapsepnt 1 usbArsade B3 MMyHHaT2 cictema. Tasm
(OpAYIHPOBEEA NPSLIATS VHHEANHN BRIMOGKHOCTH 38 OpeHOC M
TAPICTHPENE Ha GHOMOICKYIN, NOKaI8aIIe obcllananm ceolicTe =a
EETPCEICTLHA JHArHOCTHER, HMYHOTCPENHA HAa pax M IcHHAa
porymaled.  YoTaHOBCHO €, 9¢ TC [POEERBIT  OTAHSHTCIHHTE
ceoficTea Ha SNAs — Owps wacThYHZ HETCpHATM3aUMA  Gea
HeoGROIHMOCT OT TpaHceKITHOHEN ArCHTH, NOBHIICHA ROIOHIHE |
HyKIcaiHa craliiHocT, cnocofHOCT 34 HATOB3PBAHC 34 [B3 HIH
noBcde N00eEHA Tosapa [loryecHETe NpeasapHTEIHE PCIyITATH Ca

OOTHMHCTHYHH 5 HOTCHIHATHOTe GROMETHIHHCKD OpSUIECHAS Ha |

|, npegcrapenara Basmpana Ha SNA HAHOSPXETCETOHMKS.

.,

Hinonzeann MeToan
Tyk npeacTaaye SHETOMHMHATS GUCHES HA PATIHMHE ERA0E: SNA.
Te ca KOHCTPYHPEHH SPEs CAMOCITIOOHBARC H3 OPHTHHATHH XHOpHIHE
OHOMAKPOMOICKYTH ELE BCEHEYI3PHI

(Bedochoaamuann  ayknconunuan  (Dimiroy  E et al
Manomaterials 12, 3645,

EegE  E

Dimitroy E ct al (2022) Nanoscale Adv. 4, 3793)

Of '

H suucsapsElr SNA  HAHOCTPYRTYPH  (HOIHMEPOITHIOHYEIGOTHIHK

EOHRMETH
a1 Crenm ma nesaicymaqm (Kalinova R et al. (2022) Marepram 15, 891 7)) =
SNA or DPPC, xoaectepas 1
NYEISOIHEH L
Baxa TP I Hi METOTR 3 OnpeieIane Ha

LHTOTORCHBOCT MeTa0OIHTHS AXTHEHOCT EBPXY BHBOTHHCEH KISTHYHM
AnHEH, GUYOpeCHEHTHD OUBCTABIHE, CACKTPO(OPCss, ONpeIcIaHe Ha

s - CHIHMHA AKTHEHOCT.

Ien:

an,‘lCTlll!ﬂ'!lE HA pA3JdHYHH, YeCTD HIMDMIIEAHH B DHOMOTHYNHATE WICAENBANNA, METOIH C NPpHJANEEAHE MPH
XAPAKTEPHCTHRA, BHIYAJH3IAUNA H 0LCHKA HA BEIHKYIAPHH SNA
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MHEPOCKONCKH CHHMEH Ha AS49 gneten A) cnea 30 MuHyTH

wrnarane Ha DPPC/CholMNucll peamxyne ® B)  KoOHTpOIHE

(HeTpeTHpaHA) KNeTEH BesnkymTe, NpHHEHYHAH B KNETEHTE, <A

Of0THARCHN Che oTpenrn. Pemyomare or piobpamcHnn ¢ AS49
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akTHBHOCT Ha HepG2 m A549 ma nancetpysryps or Poly(D L-Lactide -SNA (PLA-
SNA) n Poly(D,L-Lactide}-co polycarbonate-SNA {PLA-co-PC-SNA)

™, ] Dur. 3 UllPC.'.II.'.'LI'IHL‘ HA UHTOIORCHYIHOCT H BTARHAE BhpXy mMeTaboIHTHATA

Spedic Aty
T LIRS PR

e o PR
Pur. & Onpegensde Ha  coeomfurma
cHIMMHA akTHEHocT Ha [IHasa Empooy
CIHTOHY K OTHT,
ykneoanniy Nucl? n gactiun DPPC /
cholesterol / Nocl2

dur. 5§ CpagHcHHE Hpes

AMApOTHE  COCKTPOfOPEsa

Hi  ONHTOHYESCOTHI  ©
| HyxaconmmHn.

EBrocodaprocmu: Tezu uzcredaanus ca uienpueent ¢ gunancosama nodkpend wa dozosopu NoJHT9E om 10,12, 2007 kuw SHIT, MOH




KOMMMEKCH ¢ aﬂmﬁawrepuanua aKTUBHOCT
HHa AHacTtacosea', Muneda WriaTtoea’, Heeena MaHvonoga', Unua Pawkos', Haga Mapkoea®

1NaGopatopuA BEMONOrMYHO AKTHAHK NoNMMepW, MHCTHTYT no nonumepy, BAH, Axan. I Boxven, Gn. 103A, Codma, Bxnrapua

2 MHCTUTYT no mukpobuonords, BAH, yn. Axan. [ Bonyes, 6n. 26, Codua, Benrapua

8-XMOpPOKCMXMHONMHET M HEroBMTE MNPOMIEOOHW NPUTEXABAT nNone3Hd GUONOrM4YHW CBOWCTEA - AHTH-
MHUKpOGHK, NPOTHBOPAKOEW, NPOTHEOBLANANWTENHA M AHTWOKCHWOAHTHW, KOETO MM NpaBW NPUBMNEKaTenHW 3a
GHOMEQULMHCKA NpUNOXeHMA. BrnuBaHeTo Ha B-XWOPOKCMXMHONWHOBM NpPOM3IBOOHM' BbLE BRAKHECTH
MaTepuan oT NPUMPOOHA M CHHTETHYHW MONMMEPHM NPUMOABA HAa Te3W MaTepWanW aHTUMMKpoGHa W NpoTHBO-
pakoBa akTHEHOCT. LlenTa Ha HacTOAWOTO WMICMeABaHe € Aa ce nony4ar XMBpMOHW BNAKHECTH MaTepHanW oT
nonunaktkg (MMK) v Wkgosata Gaza Ha xuTo3ada ¢ 8-xMOpoKCHXMHONWH-2-kapbokcangexun (X-8XX), TexXHW

komnneck ¢ Cu®* u Fe* u ga ce oueHw aHTuBaKTepHanHaTa MM aKkTMBHOCT.

'R Mladenowa ef ai., Eur. Polym. J. 38:988 (2002}
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JaxnwveHue: YenelHo ca nony4eéHd HOBW BNakHecTH Matepyand ot X-8XX u NMMK ypes enekTpooBNakHABaHe Ha
TEXHWA cMeced pasTeop. MeTanuu KoMnnekcH Ha maTtoBeTe GAXa NONy4YeHW Ypes NOTANAHETO UM B PaiTEOPH Ha
CuCl, unu Ha FeCl,. MNpoBeaeHMAT MUKpoGHONOrM4eH CKPUHMHI NoKa3Ba, Ye 3a pasnuka ot MK maToBeTe, Te3un,

p:muu X-BXX M TeXHWMTE KOMNMNEKCH yﬁunﬂT 5. aureus 3a BpeMe Ha KOHTaKT oT 3 4aca. [lokasaHo e, Ye Tean

Ha naToreHHuTe GakTepuu S. aureus.

T H | (Aorosop KN-06-H39/13 or 09.12.2019 r.) 3a tmHaHcoBaTa
: Hnn-uammnma anapartypa.
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H3scnenpane Ha LHTOTOKCHYHOCT HA MOJHMEPHH MHLIEIH, ChIbPKALH [IPOIIOJIUC, BPXY
knersunute MUY HSF u HepG2

Tomyaosa- XpHerosa!

WHLCTATYT o

Cuasta [Meepa!, IoGen Hopocenckn!, Pannua Benesa!, Neopru leoprues?, [ersp [lerpos’, Becennna Mockosa-/[ymanona!, Tans m

'Bronorugecks qukyrrer, Cohuiickn yampepenrer | Co. Knnment Oxpageka™
THecTHTyT N0 HomaMepi, Brirapeka akalesis Ha HayKHTe

AbcTpakT

TMponomHcsT ¢ wiBecTed ¢ anTHOAKTEpHATHN, GYHIHIHARE # AHTHOKCHIAHTHH CBOfCTRA, KOETO 10 PARH NOTEHIHANCH ROMIOHEHT B MedehHH 1 KOIMETHYHH
[penapaT, HO 30eiHO ¢ ToBa Toll okasea M cliel UHTOTORCHYeH edert Xuapodobumre My caoficTsa |TpyIHABAT HICIEIBAHHATA (7 Vilro, 3aToBa ¢ HAlara
HANOIEBAHETO HA BemlecTeo HocHTel. Hacneapaxse BIMAHKETO HA NPONOIHE, BEAIOYEH B N0IHMEPHN MULIENH, BEPXY KleThudnre Hann HSF u HepG2, kaxro
H BIMAHHETO HA MONHMEPHATE MELETH caMocTosTenno. Coel mHky fauds 1 24 yaca oTYeTooMe UHTOTOKCHYHOCTTA ¢ NOMOIITA Ha BarpiioTo KpHCTWIBHONET.
Hatumre pesyrmar Nokasaxs ENeTbyHo cieltdiues oTIoBop KM PAUIHYHETE 1020 OT [IPONOITHE.

MaTepuanu 1 MeTOIH

Tlomsmeprn Muem;

Bogopasreopimara dopsa Ha DpONoNHC ¢ NOIYYEHa ¢ NOMOLITA Ha
amduupunen  Tpubnokos  cenoaumep Pluronic F-127 ope sacoso
CHOTHOLICHHE NoauMep/ nponome 3:1;

Knerwann munn HSF u HepG2;

Hacneapane Ha UHTOTOKCHYHOCT S9PE3 CLUBCTHEAHE © KPHCTAIBHOMET;
Mugpockniickn AHATI Ha KNeTh4HaTa Mopgonoris.

I{D‘[‘E‘!]g(‘!!:DH(’ I I,_(i'l IOHC!]:CH:O}‘H
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. 1. Pluronic F-127.
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ur. 4. Ipadurso NpecTAREHE HA NPCKHARCMOCTTA KATO OPOIeHT oT kouTpoaata Ha HSF u HeplGl npn TpeThpanc © ABaTa pasTeopa.

JakawueHHe

TpeTHpaseTo KakTo Ha dopeiliki woxuEu Gudpotnacti (HSF), taka # ga xenarounti (HepG2) ¢ paarsopi Ha MOJHMEpa HE OKA3Ba CHIHO UHTOTORCHYHO
BIHAHKE, KATO J0PH NpH KoHUCeHTpauns ot 1 % ce HaGuomasa 80 % npesnpiemoct. TpeTHpate ¢ pasTROpH Ha NPONOIHC B HOAHMEPHATE MHLEIH, OT ApyTa
CTpaH, NOKXIBA CHIHO UHTOTORCHYHO AeficTene swpxy HSF, kato ce gocmurar 50 % npesmssesoct npa 0,075 % goHUeHTpalis, a npH Haii-HicKaTa
koHLeHTparA 0,025 % = 78 %0, Tps HepG2 se ce Habnoiasa paskk Clajl B IPeKHBACMOCTTE, KOSTO MOKE 10 C¢ ThIGKH HA [0-HHTCHIHBHATE OKHCIHTENHN
NPOUECH B YePHOMPOOHHTE KICTEH M THXHATA CHOCOOHOCT fla ¢ CHPABAT ¢ TOKCHYHE i HENOTPeOHH 30 OpradiiMa BEIlecT B,

T

ir 5. Muagpockonckn cesER | yeemricnne 400) na HSF gacrkn, tpetnpann cxorserio ¢ 023 % (6). 0.4 % (8) 1 1 %0 (r) pasTeop Ha Opofionme B NOIHMCRP, K2KTO H KoHTpOIA (a).

Baarcompmocmn: Tons wicsemane ¢ HITLMEBEN0 ¢ BOAKPENaTE Na npockt BGIEM2OP00] -1 00200122001 _¥erodiums onomoTRopanane i SHo-pecypol # oTIaTLUN OT Sewefin i possiTiNmi PAcTellies 18 WSonaTisn
Gaoaxmnmim mpogyeTh”, demancapan ot Coepamim mporpasa _Hova o obpasonanie 1a mmemrenren pacres”, sodemancupas or Enponefiom oo upes European Regional Development Fund.
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HoBu nonu(cTupex-azngomeTuncTMpeH)/nonMrnMumnaon cenoiMmMmepHu
CMCTeMM, NONYYEHU Ype3 BUCOKOEDEKTUBHM KAMK XMMMUUYHMU PeaKkLnum

COMARCKH
YHMHEBEEPCHTET

3d NpeHOoC Ha 6MONOrMYHO AaKTUBHU M NeKkapcreeHH Bewecrsa,
nicneaoBaHH 4pes3 aToOMHO-CMNO0Ba MMKPOCKONKUA
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Kpacumupa PycuHosa-HMnuesa'?, Epuk JumuTtpos’, Hatanua Tonyesa-Monuesa', CTanwcnas Panrenos'”
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B AFM investigation of polymeric micelles based

POLYMER delivery systems for biomolecules

Krasimira Rusinova-llieva', Maria Karayianni®, Emi Haladjova*

* Institute of Polymers, Bulgarian Acadeny of Sciences, Akad. G. Bonchev Str. 103A, 1113 Sofia, Bulgaria
* Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation, 48 vassileos Constantinou Ave., 11635 Athens, Greece

biomolecules. Thus, they could serve as effective carriers of peptides, proteins, DNA, RNA etc. and are of great |m]:|urtam:e for various modern treatment approaches.
Therefore, the detailed characterization of such delivery systems is very important, requiring the usage of number of analytical techniques.
AFM is a powerful technigue for studying the surface morphology and topography of materials at nanometer scale.

The aim of this study is to exhibit the advantages of AFM technigue investigating the size, structure and morphology of different polymer/biomolecule systems. Two
systems were used. The first system based on unimolecular anionic polymer micelles and their complexes with proteins. The second system based on multi-molecular
cationic polymer micelles and their complexes with DNA.

AFM parameters used in this study include scan size and scan rate, which were optimized for each sample to obtain high quality images and reliable data.

Key words: AFM, polymer/biomolecule complexes, polymeric micelles, Manobiomaterials, Surface morphology

Polymer/protein complexes
tial applications in protein encapsulation mobilization, purification and separation, a8 well 23 in the creation of functional nanobiomaterials
stigation anionic unimolecular micelles based o r-shaped poly(methacrylic a IPMAA) were used for compl ion with the prof

Lysaryrmeé.
Polymer iion of LO5 L € s were formed as 0.5 ml of a 1 mg/ml Lyzozyme solution was added to 1 ml of a polymer solution.
Then the

- :
- :
S :
i |
] ;
= o] P r Tt Ty pup— i
g ] % W 1@ = 5
2
! E Fobyrar zroben comchese
g
i
:
:
13
B
;

Polymer/DNA complexes
thesir pa: y charged ble to bind DNA molecules. The resulting structures are termed
and potentially could be uied in gene therapy. Th spherical in shape and in nanaddale ran; Here multi-malecular palymer micelles baied on eationic
er poly|4-methyl-piperazin- b-polylac , [PRAPP-PLA) a3 well as their comple DA were character
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STUDY OF COMPLEXATION BEHAVIOR OF PDMEMA BASED POLYMERIC MICELLES:
EFFECTS OF POLYCATION CHAIN LENGTH AND DNA MOLAR MASS

=i
< Denitsa Hrstova, Katya Kamenova-Stoyanova, Emi Haladjova
INSTITUTE ar

m Institute of polymers, Bulgarian Academy of Scicnces, Sofia 1113, Bulgana

INTRODUCTION
Gene thesapy refers 1o the treatment of genetic diseases by modifying pene expression in specific cells with a the major challenge: efficient delivery of auclec acids o diseased cells.
In this work polymenc micelles based on catomse poly(2-(dimethylammao)ethy] methacrylate)-b-poly(z-caprolactone)-b-poly(2-(dimethyliminojethyl methaceylae) (PDMAEMA-PCL-
PDMAEMA) mablock copolymers diffening m polycinonic content weee prepared. The ovcelles were uwsed for complexation with different m molar mass DNA molecules. The man
physicochemical parameters of the resulting complexes were determined as the effect of polveatonic chain length and DINA molar mass was followed.

The amphiphiic  PDMAEMA-PCL- POLYMER SYNTHESIS AND CHARACTERIZATION

) g o C
PDMAEMA wriblock copolymers were " R s il et Pt
synthesized by reversible The maolecular mass  charactensies  of  block P N I . et ..“_::_:
addition—frgmmentation chain-transfer copolymers were determined by SEC and 'H NMR. ! i
(RAFT) polymerization. Fiealy, 4-Cyano- “ e | am
4-(phenylearbonothioylthio) PE e [ — o AL, M, MM, D of 4 W Lk
acid was reacted with poly(e-capeolactone) glmal | g/mal PORMAEMA :
(PCLY. Then the lnear PCIL was used as : - - - - LTSV go Ty R
chain-transfer  agent  (CTA) for  the POAAEMA -PCL_-PDMAEMA POMAEMA-PCL T | 23 1) 18 970 12 T (2x35) i A 2 L u'n,
polymerizaton of 2-(dimethylamano)ethyl PDMAEMA -PCLyy —-PDRMAEMA- | POMAEMA-PCL 3 | 13 800 13 30 13 M (2x1T) ) POMARMAPCLITRLEALY |

methacrylate (DMAEMA)
FORMATION OF POLYMERIC MICELLES
Canonic polymer mucelles were formed by self-assembly of PDMAEMA-PCL-PDMAEMA mblock copolymers in selecove solvent. Inmnally, the block copolymers were dissolved in
tetrahydrofuran, then the organse solution was dropwise added o deionized warer grving 2 fimal concentrason of (L5 mg/ml. The omgramic solvent was removed by extensive dialysis aganst
water for 5 days.

The Cl‘a".ﬁ.calj mia:ull.in:rummr:fim [I’:‘:I(T_l of the ]‘l)M.-'\.L‘.M.-\-]'fZ].-lCI‘l).‘.!I.-'\]"‘\Ii'\. m'Hru.'.'I: copalymers wis The size and §_poteniial of polymesic micelles was deermined by siic and eleciophonssic Bghi scering
determined speotrophotemetrically using the hydrophobac dye 1,6-diphenyl-1.3, 5-hexstriene (DPH).
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COMPLEXATION WITH DNA
Micelleplexes were formed ar 2 wide samgre of amino-to-phosphate (MN/T) group ratios. Two ypes of DMA differing in molar mass were used for complexation — shormt DNA (115 bp
corresponding to Mw ~ 76 (00 g/mol) and long DNA000 bp corresponding 1o Mw — 1 320 (00 g/ mol).
Fluorescence quenching of ethidinm bromide was used 1o monitor the complexation ability of polymeric micelles. The miceleplexes were charcterized by dynamic and electrophoretic Eght
seattering by following the varmatons of hydeodynamie diameter and C-potential depending the MNP eatio of the eesulting systems. Their colloidal stability upon time was studied as well.
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CONCLUSIONS

Tablock copolymers based on PDMAEMA and PCL diffening in polyeationee chan bangth were syntheszzed by RAFT polvmenzanon. They were used for the formaton of catonic polymer
ricelles. The resulting micelles were small in size and with stroagly positve T-potential dependent on the PDMAEMA chain leagth. The cationic mecelles were used for complexation with
DNA. Two oype of necleic acids were used - shoet (=115 bp) and loag (~2000 bp). The complexation was followed by ethadium beomide quenching assay. The size and surfuce potential of
the resulting micelleplexes was determined as well. The baoth macellar systems exhibited stoong inhibition of Muorescent intensity with the domgy DNA ar higher N/P ratios. Taken together
with the srmall sire we ean assume the steong eomplexation and formation of tight and compact eomplexes. In conteast, short DMNA was not able o fully displace the ethidium beomsde as the
complexes were larger in sre. This suppose the formation of loose eomplexes. The spstems formed from the longer parners eharaetesized by good eolloidal stabiliry vpon time. The rest of
the systems exhibited stabahty at very low or high N/P ratios ({5 and 15). An increase m sie or enbairgement of the precipitason area was observed for the other systems Our expenments
showrs the imporance of DNA mokar mass as well as the polycanone chain length supposing defferent biologaeal behavior of the systems depending their future appheaton.

A meseasch equipment part of the research infrastructure INFRAMAT (past of Bulgasian Nasoo-al Readmap for Besesech Infrastouciures) supporsed by the Bulgasian Manisery of Educason and Science under contracts

D-155,/ 28082018 and A01 28417123010 was used in chis soudy.
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Polymeric Micelles of Mixed Composition for Gene Delivery @

TE of
.POLYMERS  Rumena Stancheva', Emi Haladjova', Maria Petrova?, lva Ugrinova?, Ivaylo Dimitrov!, Stanislav Rangelov!
lInstitute of Polymers, Acad. G.Bonchev Str, bl. 103, Bulgarian Academy o iences,
f Polym Acad. G B 5 Bulg y of Sci
?Institute of Molecular Biclogy, Acad. G.Bonchev Str, bl. 21, Bulgarian Academy of Sciences

Introduction

Cationic polymer micelles have shown great polential as camiers of biomolecules. These are nanosized polymeric paricles, consisting of a non-ionic hydrophabic: core surrounded by a
posilively charged hydrophilic shell. Both, the core and the shell can be loaded with biologically aclive substances of diferent nature, composition, and properties. The calionic shell of the
micellas, however, is typically associaled wilth enhanced cyloloxicity. Furthermore, the strong electrosiatic interactions between the positively charged shell segments and the negalively
charged cargo molecules frequently hinder the effective release of the latier.

Im this work, aiming at controlling the release of cargo molecules and reducing the cyloloxicity, we report on the development of mixed polymeric micelles systems.

Formation of Mixed Polymeric Micelles

Cytotoxicity
Mixed polymeric micelles were prepared by co-assembly of bwo amphiphilic block copalymers al an equimalar ratio - a calianic . s
diblock copolymer poly(4-methyl-piperazin-1-yl}-propenone }-b-polylactide, (PMPP-PLA) and a non-ionic Iriblock copolymer, £
pohylethylana oxide —b-poly(propylensa oxide —b-poly(ethylene oxide), known as Pluronic. Threa types of Pluronic were used - F77, !» .
P85 and LB4. Thus, the mixed micelles were composed of a segregated hydrophobic core and a mixed shell of cationic PMPP and 5o
nmon-ionic PEQ segments. —
s 2 [P TR —
. Buffering capacity
5 ol ||1 s ——HO 1
5 # 1 | —— mi PMFRPLAS FTT ——Frr = s
= E‘m | — mix PMPF.PLAL | 5 a0 _-_::: z o
& 1 | e 5 mix FAPP.PLAFTT T
- —— mix FMEF.PLAPES -
8 = E 6o mix FIAFP.PLALES R
_’:'I_:,IJ —e— PUPF.PLA iy oot pel e il
5 S0 73 10 I 1% 17 @ = = TE @ 13 H0 T -
D, i D, A an i s -
0 0 M 30 40 S0 & 70 8O 5
s 1 0.1 HCL £ gy
o L R
b=} : ’
a am . Dapanding on the Pluronic used the non-ionic - T T T
= ——mb PMPP-RLATFTT o, —FTT (T P ——
B ooy e mix FMFEPLA [ FES doe e sagments were shorter, equal or longer than “ L o
E ! el —— il PMIPPFLA [ LES gu Physical Mix those of PMPF. The resulling struclures
'..g " . "‘w displayed sizes in the 40-75 nm range and =
g moderately positive wvalues of the I-potential f -
o : e (around 17 mV), depending on their composition. :
wr H =0 100 3 =0 [ =0 w0 150 X . K 5o
Epatntial, mv potanial, my All of the mixed polymeric micelles systems had
good biocompatibility and low buffering capacity. ¥ 2 ] I
Ly o st i ey L]
Loading and release of Nucleic Acids
The mixed micelles wara
successfully  loaded  with ] PP PLATIHA » pHT P i PMPP-PLAFT NDMA . G TOY i PP LATEATINA TOY 7 PR PLALBATIA
& phd . .
nucleic acids through ra e Fr 130 =L . . . .
electrostatic interactions with E e, E o . N . £ 1m - . . . . jlw " . - . a
the cationic moielies in the a " . . o * e . d <t . . . n
polymeric shell. The size and = ve ' - - =- " b " L " — = . pHP
[-polential aof the resulting 2 o LI =2
5 "2 15 F3 = s 0 ] F) = H ¥ " E:) = s 1] £} m F:1
complexes were  strongly WP i P s [ [P
dependent on the micellar p[FMERFLADNA ., s o an{ = PRPF.PLATRATNA ] =iz PMPP-PLALBIDONS
composition and the amino to :é'-!u e, . . ey : .. . M : _E-.u et ¥ ' § m
phosphate (N/P) group ratio. =m * . .t . HE ; wl, * Em . E
Dh was in the range of 50- au Lt g Ly Eﬂ E
120 nm, while the surface w10 " . i .. - o« pHr 10 . pHT e
potential varied from negative s w i af® - o _mH s - p
- = F H T Y = LS i = n o - P
o positive values. ¥ e T O P el T E e Y e

The loading of biomolecules was followed by ethidium bromide (EtBr) quenching assay. Aboul B0-85% |oading al N/P ratios = 8 was observed. The syslems were subjecled to
condifions similar to thosa of the endolysesomal compartment (pH 4, T=37"C) to follow the affects on their physico-chemical parameters. Generally the values of Dh and -polential
increased. The ElBr quenching test reveals thal al N/P ratios = 8 the presence of non-ionic moieties inlo micellar shell provokes a release of biomolecules. The cellular uptake of
the mixed micalles was invesligated as well. The ability of the hybrid systems o anter the cells was obsarved.

- e . 1 1 i = pHT
1004 PMPR-FLADMA, . ::: W i PMPPPLAPESDNA  ® ::: 00de o PMPE-PLAETTONA . m: 00fe mix PMPP-PLALBUONA % P
- -
E” il —. Bl B — BO
= & £ * ¥
2 g &0 g B0 E B0 gs: R
. -
g g Al L] A - . Y " - g 20 - ow ¥ .
= E "t g . * . g - e . 5 ' * .
o Pl - . & = .. T = . T 20 .
— -y . ~ " . . = .
L [} - - - o - L o L o -
o 5 1 15 20 25 [} [ o 15 @ 2% a 5 T o H ™ 15 20 2=
M/F mabio ¥ rabio M ratin NP i

Conclusion

We could conclude that the resulting hybrid
copolymer-copolymer micelles could be
considerad as  effeclive carriers  of

Callular uptake

biomolecules.

Acknowledgement: This wark was funded by Project H23/77 in the frame of the suppert program for Young Scientists from Bulganian Academy of Sciences.



BETA-CYCLODEXTRIN BASED POLYMERIC NANOGELS FOR
CONTROLED DELIVERY OF ARIPIPRAZOLE

Siyka Stoilava'-%, Yavor Danov!, Dilyana Georgieval, Bistra KostovaZ, Petar Petrov!

1 - Instize of Polymer:, Bulgarizn Academia of Science, Akad. G. Bonchev St. bl 108, 1113 Sofia, Bulgaria
2 -Faculty of Pharmacy, Medical Usiversity of Sofia. 2 Dunav St, 1000 Sofia, Bulgaria
INTRODUCTION
broad application. Many smdies are focused on improving APZ soluhility in water with the aid of polvmersic carriers. Our goal is to design nanagel syste
an incluzion complex with APZ and thus to improve it sclubility in aqueous media and ensure 2 favorable release profile of the dmug.
This work describes the development of novel nancgel carriers comprising f-cyclodextrin (3-CD) moicties as a platform for controlled delivery of AFZ.

e

SYNTHESIS OF B-CD-Ac,

T 0.0
g O wea by - |
li"'-‘rmgo'd..;" e ﬁ'm&&:—“} I“ L= F % '
% 8 ° DMF, RT T on s
-D.n} o »q}}\_(” o — .v"a. o »3\“ ] > . J
= o w? * o TEA '.on- o o - P E
P | g S st . 378 r
:\Qg._v;p;\_%*_ @ ncryloyl chiceide o -\I?U?'?'q . L ALK : A
o row § 38 ;
Breythodsatrin [ssmincbuateln iyl & i o RN
Fignre: 1. Syathetic scheme of - CD-Ax; percparation. Figure: 2. Froton NME spectrum of B-CD-Ac, in Dy 0
In the first step, B-CD-Ac; crosshinking agent was obtained by reacting acrylovl 'Thcd.cm'::c\fsubmmmm'msdcu:tmmcd ..... :
chloride and B-CD, in the presence of tricthylamine, An excess of acrvloyl mf’ﬂ’kmﬁmﬂmﬂlt B-CD protons a: §. DfE
chloride was used to ensure atachment of several acrate groups onto one f-CD vinyl protons at 5.8-6.5 ppm. Hence, D5~3 was calculased, which
moleculs. that crosslinking agent with three reactive groups was synthesized.
SYNTHESIS OF NANOGELS 5
T
0 S,
o e Ly Hexane, Span 0 DhAR
HEC‘“\N/U\NﬁHS + --"5;: "f,(} , | —
| R _,I-O,J.k,, AP, TEMED ;
CHg t.._—}a: e P-Cyclodestrin
DhAA o ——

Figore 3. Synthetic scheme: of polp(N, N-timetindaeridsmide)/ B - cpek in triacrylate nanogels flbwication
The nanogel was synthesized as follows: Span 50 (sudfactant} was dizsolved in hewane {oil phase), while ATS, TEMED, 6-CD-Ac; end DMAA were diszolved in water
{agueons phase). The two solutions were oixed under stirring to form =n enmision. The reaction was carried out for 20 b a2 KT to efford the nenogel. Next, the b
was removed via evaporation, and the Span 50 was extracted with methylens chloride. After that, 2 dialyzis was performed to purify the produce. The :ample was
and water was removed by freeze drving.
CHARACTERISATION OF NANOGCELS

TI,3H 1138+ 0.58 -21.76 =0.65 0,161

C 28,00
11 85,25%  131.06:£0.95 -18.319.15 0,160 m 50
The amount of B-CD-Ac; in the nanogel was estimated indi
Tty - ased on the inchusion of phenclphthalein in the B-CD
coor ' " fets com I ey {phenolphthalein method).

i1 DLS messurement proved thar the particles chiained are
|| | nano-sized. ELS measurements revealed a negative surface
| II charge (zample concentration - 1 mg/ml).

| L

P H 50 0 150 m 250 200

Dh (en) "/\|
Tigurc 4. Sizx: distribution plos of the menogels. K/
CHARACTERISATION OF LOADED NANOGELS

7 DISPERS’ 3 Figore 5. Stoetors] formmils of ARZ.
Eae=0
L ==
y 17122 0,126 720 2 081 el
m 197.08 £ 1,84 0,144 B77£028 .
£ =l L]
] Ll
(== —— Inbansity S . '
—— Humber ceos i .
3 )
-
R P
4 L
!
T T 3 L g T - T 1 r T T T T T 1 @ T T T T
109 %0 0 %0 ne 50 ne E ma LE za = am -1 g 4 w0 13 a0
Dh, nm Dh.nm [
Figore 6. Size: distribution plot of the dmg loaded nanogels. Figure 7. Fa vitroreleace
s vith a pH of 6.8
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wavavinTe  Sllver NPs impregnated Naltural Zeolite - Polyurethane eomposile Foams:
Preparation and Characlerizalion

o

Silvia Dimova®, Katerina Zaharieva?, Peter Boyadzhiev?, Ognian Dimitrov*, Georgy Grancharowv®, Filip Ublekov?, Hristo Penchev?

Hnstitute of Polymers, Bulgarian Academy of Sciences, Sofia, Bulgaria
Institute of Mineralogy and Crystallography “Akad. 1. Kostov”, Bulgarian Academy of Sciences, Sofia, Bulgaria
IFaculty of Chemistry and Pharmacy, University of Sofia “St. Kliment Ohridski”, Bulgaria
Jinstitute of Electrochemistry and Energy Systems “Akad. Evgeni Budevski”, Bulgarian Academy of Sciences, Sofia, Bulgaria

INTRODUCTION

Polyuraethanes (PUs) are among the best choices for biomedical applications because of their desirable mechanical properties and blocompatibility.
The hardness, strength, elasticity, and other mechanical characteristics of PUs can be varied greatly according to the chemical composition and
microstructure of the polymers. They can be synthesized from dilsocyanates and polyols in many different forms including foams, adhesives, coatings,
fibers, resins, and elastomers. Their properties can be altered and tallored by varying the preparation composition, molecular welght of polyol
companent, type and the structure of dilsccyanates with addition of inorganic materials into the polymer matrix, and zeclites have been shown to be
alternative inorganic fillers for this purpose.

Zeolites are nanoporous crystalline alumdnosilicates that are tasteless, odorless and nontoxic to humans. They can be used as effective antibacterial
agents. The impregnation of zeolites with silver MPs |s the most attractive because of their strong activity and low human toxicity.

C'_ The alm is synthesis and characterization of a PU- based composites with potential antibacterial and __“‘-H
e
— catalythc activity made up of silver NPs impregnated zeolite incorporated into polyurethane matrix B -
METHOD = ——
Coravecn owite or tha panifasis of polyuretharns —
_._l.-'=x_ Fi T ratwral meokte-Mordanie (village Lyashowets, region Haskowo] was S & -
a=c=n . r{-" ':H:_:-% F.-" NECESD 4 HO-CHy=CH;~DH  fint thermally treated at 3D0FC and after that imgeegnated with &
= disparsion of siver nanoparides. ok
[r—— Paiyal The Ag-MPs impragnated Mordenite - Polywwthane composite Foams o
wire propand by mising Ag-Mordenite |5 wi %) with Polwad and sinmd

using an electrical stirer for 24 hours at Foom emperabere with 3 speed
of 150 rgm to cbiain Bomogeneces mitere. Then the Polyplastic

= o
¥ \
TE—h—% J&H?—E.\. j‘rL'I‘—E—Dﬂ'."l?—’_'HE—D polyurethane wniversal glue is added to the mixbere and stimed for 24 -
H L k H miln &1 rocm tempestune until faaming & obitaiesd. The thres samples: Cr {
- Pobparwrthane; Pobsarathane Mordenite and PolyurethansAg-Mordanine " 2

were prepared.

CHARACTERIZATION
IR sp@cira Sanphas PERD paitems
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" [ 1se L o
' ey on
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The results from XRF analysis
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¥. Conclusions
E 3
£ = The presence of 1.18 Massi Sl content in Ag-Monsenite was established by X-ay
o FlUcrasRnc analss.
- = The results of the thermogrardmetric analyss showed thenmal stability of AgHPs PU
s, PP na ,
T e = The SEM results did mat show any sggiomeration of the molte particles in the
o T o Eeoiyurathane matrix, which may be dug 1o better interaction batwean the matrix
g and the filar.
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grant agreement BN TT01-385 7 TT01- 1812 2030,
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B CO, Adsorption on the Modified Mesoporous Silicas
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Ynstituie of Polymers, Bulgarian Academy of Scieaces. Arad. G. Bonchev St bl. 1034, 1113 Sofia, Bukgaria

Since the industrial revolution, the concentration of greenhouse gases in the
atmosphere has significantly increased, affecting our planet’s average
temperature and global climate [1].

To eliminate greenhouse gases, much attention has been focused on
improving the activity of absorbents to capture C0; [2,3]. Mesoporous silica,
such as MCM- and SBA-types, are ideal solid adsorbents or supports of active
adsorption sites with a high surface area, large pores, and tunable pore sizes.
The present study presents the results of preparing a new derivative of
APTES and its use in the post-synthetic modification of KIT-6, SBA-15, and
SBA-16 mesoporous silicas. 9,10-Dihydro-9-oa- 10-phosphaphenanthrene-
10-oxide (DOPO] has been selected as modifying molecule due to its
reactivity and ability to improve the anti-oxidative and flame-retarding
properties of materials. The performance of the modified silica adsorbents
has been evaluated and compared to the initial materials in C0; adsorption
experiments carried out under dynamic and static conditions.

@ PROCEDURE

CO, ADSORPTION
MEASUREMENTS

E1
ot Adspisnar
g b
E 13
g 21
E 1.9
I
B 0
I

EEFEECEEE G

° REFERENCES \:% _;: =

~ A simple two-step post-synthesis procedure successfully
prepared the DAPTES-modified mesoporous silicas with
different pore structures, 2D SBA-15, 3D SBA-16, and KIT-6.

* The DAPTES-modified materials show a higher capacity for CO, capture than
the parent ones. C0, capture is favored by the presence of polar groups and
electron-rich fragments in the structure of the grafted agent.

+ Among the studied sorbents, the DAPTES-modified mesoporous SBA-15 silica
showed the highest adsorption capacity for CO; (3.9 mmol/g).

¥ The chemisorption of CO, for DAPTES-modified silicas was assumed based on the
calculated heats of adsorption for the studied materials.

* The modified silicas kept their adsorption ability in five cycles. The total
C0; desorption was achierved at 80 °C.

v Adsorbents with such parameters could be considered in
specific applications due to the high adsorption capacity and
the low energy consumption for CO2 desorption.

eRESULTS i\

+ Both NMR and IR spectral analyses provided evidence for a
complete conversion of the reaction of SAPTES with DOPOL

+ The IR spectra of all sorbent-modified samples show the strong absorption in
the spectral interval 1100-950 cm* attributed to 5i-0-5i stretching vibrations
«of the silica matrix. Besides the dominating absorption of the latter, the
presence of shoulders at about 1240 cm-! and 950 cm-* evidenced the
successful grafting of DOPO residues on the pore surface of the silica matric

¥ The amounts of DAPTES grafted onto the KIT-6, SBA-15, and SBA-16 pore surface were
calculated by using TGA analysis. The modified samples showed a weight loss between B-12 wt
% at temperatures above 250 °C up to 600 °C. These results indicate the approximately similar
grafting degree of DAPTES in the modified mesoporous silicas.

+ Textural characteristics (S, pore size and pore volume) of the initial and the modified
materials decrease in the following order: KIT-6 > SBA-16 = SBA-15, while those for the modified
‘materials follow the order: SBA-15/DAPTES > KIT-6/DAPTES > SBA-16/DAPTES.

+ 00, adsorption under dynamic conditions: The modification with DAFTES increases the C0,
adsorption capacity for the three silica materials. The highest value for the CO; adsorption
capacity in dynamic conditions among the studied materials was detected for the modified SBA-
15/DAPTES sample (3.9 mmal/g). The CO, adsorption capacities of the samples decrease in the
following order: SBA-15/DAPTES=KIT-6/DAPTES>5BA-16 /DAPTES. The results show stable
performance with preserved high adsorption capacity and selectivity for €0, in 5
adsorption /desorption cycles for all studied samples.

¥ €0, adsorption under static conditions: The calculated heats of adsorption using
the Clausius-Clapeyron equation for all samples based on the CO; adsorption
isotherms at 25 °C and 0 *C are presented in Figure 5. All samples' calculated heat of
adsorption values are in the interval of 15-90 k] fmol.
Higher values were determined for DAPTES functionalized silicas
compared to their parent analogs.
Among them, the highest heats of adsorption displayed
the modified SBA-15 material and, consequently, more
wvital interactions between DAFTES residues and €O,
molecules were found for this sample.
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AN INNOVATIVE APPROACH FOR TREATING BACTERIAL BIOFILMS
WITH NOVEL SYNTHESIZED MIXED POLYMER MICELLES ROMMMEPH
o smins i s s
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INTRODUCTION

The evidence for the role of biofilms in chronic, persistent and recurrent infections necessitates the development of
novel approaches in the fight with them. Biofilms are consortia of microorganisms adherent to various surfaces Lagpa
including host tissues. Biofilm bacteria are embedded in extracellular polymeric substances (EPS). EPS protects the i:?
microorganisms from environmental hazards including the access of antibacterial substances. The structural and
functional characteristics of biofilms determine the high drug tolerance of biofilm infections. This requires the
development of novel drug-delivery systems capable to overcome the barrier created by the EPS and release the —trr -
drug they carry directly to the biofilm bacteria, a3 - ﬁ & ﬂ

it

o

Polymeric micelles based on  poly(2-{dimethylaminojethyl  methacry-late)-b-poly(e-caprolactone)-b-poly(2- EL® é' ﬂ i ¢ &
{dimethylaminojethy]l methacrylate) and poly(ethylene oxide}-b-poly(propylene oxide)-b-poly(ethylene oxide) » . ’m . - 'p
triblock copolymers were used. Five micellar compositions differing by molar ratio have been prepared and were ¢ . ] ;

used empty or loaded with ciprofloxacin. Our previous data have shown that, applied as 1 mg/ml, the micelles 2 - .

show some not neglectable cytotoxdcity. 4

In order to reduce this the AIM of the study was to examine the exfoliating activity and cytotoxicity of the Hypothetical representation of the effect of CF-loaded
micelles at for different concentrations - 0,5 mg/ml, 0,25mg/ml and 0,125mg/ml. palymer micelles on 5. aureus mature biofilm

COMON PROCEDURES APPLIED THROUGHOUT THE STUDY:
PREPARATION OF POLYMER MICELLES:

Polymeric micelles were formed by dropwise addition of initial or mixed copolymer organic solution to aqueous media followed by dialysis against water. Three different
maolar ratios (371, 1/1 and 1/3) were used. The concentration of micellar dispersions varies in range 0,125 to 1 mg/ml.
LOADING OF CIPROFLOXACIN:

Ciprofloxacin (CF) was loaded into polymeric micelles as 10/1 polymer to drug weight ratio was used. The encapsulation efficiency (EE) and drug loading content (DLC) were
determined and were above 98% and 10% respectively.

BACTERIAL STRAIN AND CULTIVATION:

Model microbial strain S gurens 29213 (ATCC) and E. coli 25922 (ATCC) were used for the experiments. The pure culture was stored frozen at-80°C in TSB medium containing
&% DMSO0. For the biofilm experiments, strain were sub-cultured in Tryptic Soy Broth (TSB) overnight, to early stationary phase, at 37%C and transferred to slant Tryptic Soy
Agar (TSA). Prior to each experiment, 18-h TSB cultures were grown at 37°C, as a source of inoculum,

EVALUATION OF THE ERADICATION POTENTIAL OF CYTOTOXICITY

THE MICELLES AGAINST MATURE BIOFILMS The cytotoxicity of the resulting micellar systems was determined by
standard MTT assay. Mormal diploid human skin fibroblasts (HSF)
were used for this study. Empty polymer micelles as well as loaded
with CF systems were investigated. The possible deviations in cell
marphology were also monitored under light microscope.

M63 minimal salt medium was used for the experiments. An overnight bacterial TSB
culture was diluted 1:100 in M&3 medium, vortexed and distributed in the wells of
9t-well U-shaped polystyrens plates. The plates were cultivated for 24h at 37°C at
static conditions. The non-adherent bacteria were washed in 3 changes of PBS. 150p1
of micelles solutions at concentrations of 1 mg/ml, 0.5 mg/ml, 0.25 mg/ml and 0.125
mg/ml were added to the wells. A control for the activity of the solvent without S - f——
micelles was included, with sterile deionized H20. To estimate the amount of mare
biofilm prior to the treatments, a “0 h” control was performed as well. The plates

were incubated for 4h at 37°C. After the incubation micelles solutions were removed, . % | a .

the wells were washed with PES and stained for 15min with 0.1% aqueous solution of I : o I ' ) I

CV. Then the wells were rinsed extensively in several changes of PBS and the dye was - L

solubilized. The absorbance of the solubilized dye was measured at 570nm. The = Tl P — —
i

results were calculated as % of the “00 h” control. o e

ol vty e el
ol it 1y,

FIBLEML P ki P il i

o mpml SO mgm] L1 gl Uignl siMogml S0

g ‘eyos ‘ez aun| 1, priom dwdod ay ur sysnuaLs Funog, UOISSIG YHUIDG YPFL

. CONCLUSION

. . The results have shown that the mixed polymers micelles
| | || I | Il II are successful for biofilm detachment of mature biofilms
i JE Y MF Fx 1 TAtrY F B PeF 1 FiX AH

ered

of S, aureus 29213 and E. cali 25922,

The mixed micelles prepared at molar ratio 3/1 have stable
Tl wiEagel w02smg el sirgl m0Nagnl il exfoliating activity within the range of 70% no matter the
dilutions.
The results from the MTT assay showed that with a
decrease in the applied concentrations, the cytotoxic
effects were also reduced for all used micelles, unloaded
- i and loaded.

o : ) Considering their stability only in water, they could be
3 II I . ke I I I useful for treatment of superfical (eg. skin) biofilm
_ T
mrl Pr L nz= 1] Pk PF1a PF L [y Lia

POOLAEMA  ToF i

infections.
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PSEUDOMONAS AERUGINOSA BIOFILMS: INHIBITORY ":):}
EFFECTS OF CATIONIC POLYMER MICELLES INSTITUTE o
BEARING GOLD NANOPARTICLES

P. D. Dimitrova', Ts. Damyanova’, D, Borisova®, Ts. Paunova-Krasteva', E. Haladjova®,
F. PetrovZ, 5. Stoitsova ?

T The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences, Sofia 1113, Bulgaria;
* Institute of Polymers, Bulgarian Acadenty of Sciences, Sofia 1113, Bulgaria

INTRODUCTION

Biofilms are matrix-enclosed, complex and differentiated communities in which bacteria are present in
many different environments. Contamination of surfaces in hospitals and food industry by bacterial
biofilms is a serious health risk. The combination of multidrug resistance and the protective character of
biofilms is a global problem nowadays. There is much recent effort to develop new anti-biofilm agents.
This requires the development of novel approaches to biofilm detachment. The aim of this study is to k
investigate the effects of cationic polymer micelles bearing gold nanoparticles on the structure and cell ,'.': s R T k i
viability of pre-formed Pseudomonas aeruginosa (PAOT) biofilms. A T S i St e M et B L WL

PREPARATION OF POLYMER MICELLES AND LOADING WITH AuNPs

Polymer micelles were formed from poly(2-{dimethylaminojethvl  methacrylate)-b-poly(e-caprolactone)-b-poly(2-(dimethylamino)ethyl
methacrylate) (PDMAEMA-PCL-PDMAEMA) triblock copolymer (Mn =17100 g.mol-1, B = 1.20, PDMAEMA content of 53 wit'%,) at concentration 0.5
mg/ml The preparation procedure involve dropwise addition of polymer organic (acetone) solution to water upon stirring followed by dialysis against
water. The micelles were additionally loaded with gold nanoparticles (AulNPs), prepared by in-situ reduction of HAuCl, on the polveationic micellar
corona under UV irradiation. The successful formation of AulNPs into cationic micellar corona was proved by UV spectroscopy and light scattering
measurements.

o S ST A0 10 SHANA T 40 OUTH0M THL NI SISLINIDS DMMOAL NOISSAS SALLNADS 91

M it -
I--, e Aol | a4V I'l =310
Palymiers nueelles Micclles loaded with AuNPs - - |
g . & W I
'\['\'Iiun 1 22 i ] 2wl [
L R, g v _E )
¥ 1 R |1 —— muis
HaAudl, g L bl o i | | micalles_AulFs
] 1 b S . o a4 ) L —_—
i o 1k o i %0 S 4o G % TE B s = = = m
wasslengeh = O, o
EFFECTS OF POLYMER MICELLES ON THE PAO1 BIOFILMS
The crystal violet (CV) assay showed that the Seanningr efecnon mucTosoopY The metabolic activity was estimated by the
pure micelles and those bearing AuNPs reduced . . - - resasurin-based Alamar Blue assay. The results
biofi L o - ) Mbod mediom B I Pure indicated that the biofilm treated with the
ofilm  biomass  similarly, in concentration- L. inclicate rotalm ated  wi
dependent manner, with no statistically significant ; s micelles  lpaded with AuNPs retained a
differences between them. significant oxi-reduction potential due to higher
metabolic activity.
i -0 mEfmi -
=025 mgfmi Alamar Blue assay
i 0.% may'mil
- HEO L i s
on e i lI [AnCl, - : ¥ : i s e
. control ; : ; g 08 Haucia
E ) gt = 2T - g o mHzO
£ o6 3 i =}
E - 1 ? 0o . = a3
=] [ ! i T E (Vi
| p , 5 g 1 2 na
L] ’ By . s & o
bkl : rrermr B
@ SEM investigations confirmed the loosening of Dil
& i3 o the extracellular substance in the micelles-treated o
- e L

e

samples of P. aeruginose  biofilms. Scale bar = 5
pim
Confocal laser scanning microscopy

n . e Estimation of the viahilify of the treated biofilms was assisted by CLSM

using the Live/Dead fluorescence staining kit. The green color shows the
presence of viable cells colored with Svto 9. The red fluorescence is due to
propidium iodide which penetrates only in cells with altered membrane
permeability. Both pure micelles and those loaded with AuNPs show
significant biofilm thickness reduction. The live-dead stain confirms that the
HAuCl, rapidly kills the bacteria but prevents removal of the biofilm from the

Polnaer Micelles loaded HAw(l, H,0 MG medinm contaminated surface.
micelles with AuNPs wanrod coaalrol comursl
CONCLUSIONS

+ PDMAEMA-PCL-PDMAEMA micelles were successtully loaded with AuNPs by in-situ reduction of HAuCl, on the polycationic micellar corona under
UV irradiation.

+ The polymer micelles in absence or in presence of AulNPs show great potential for disinfection of biofilm-contaminated surfaces and disinfectant rinse for
wounds.

« The presence of AuNPs into micellar structures will additionally allow monitoring of the particles penetration into biological samples.

+ The results imply that the systems could be further loaded with antibiotics to improve the access of the drugs to the bacterial cells and the efficacy of
biofilm eradication.
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Layer-by-Layer Assembly of Polyacrylic Acid (PAA) and Polyallylamine
Hydrochloride (PAH) for Multilayered Polyelectrolyte Film Deposition in Biomedical
Surface Engineering

Borishava Borisova, Tonya Andreeva, Rumiona Troneva
Institute of Biophysics and Biomedical Engineering, Bulgarian Acodemy of Sciences, Acad. G. Bonchev Str., Bl. 21, Sofio 1113, Bulgaria,
e-mail: tzoneva@bio21. bas.bg

INTRODUCTION MATERIALS AND METHODS
The aim of the research is to create polyelectrolyte multilayers (PEM)
coatings with the Layer-by-layer technique for hip joint implants by fN], ; : e
adjusting process parameters like palyelectrolyte type and concentration, H Wi o o' Legend:
pH, and temperature, in order to achieve desired levels of hydrophilicity |~ ] PEM :,::m:‘e?rdm
and surface free energy. The underlying idea is that by regulating the entie palyasar, mtasic pasmmarc] i m,.hpo,ﬂa::,,;mme
hydrophilicity and surface free energy of the materials, it is possible to w hydrochioride
enhance biscompatibility through the manipulation of protein adsorption 1he  initial interaction between a “ . " = s = Polyscrylic acid;
and cell adhesion. biomedical implant and biological |- _
Biomaterials R systems occurs at the surface interface. Repeat
T In numerous biomedical scenarias, it is )
j - '\""*., Sl crucial for cells to adhere to the surface, EHpe
f T ==k el Bl undergo proliferation, differentiation, [—-——--—'———'—:I
T B o0 cventually develop the desired M e :“:
e =T biologically active tissue. Achieving the PD'rGE"DF ‘i ﬁ i" N
/ ot i desired surface properties can be -_-_-_=_-_-_-_-_-_-_-_- S
0 l \ = — - _ accomplished by employing various )
P ﬁmnm e palymer coatings to modify the implant Pulg.ranien
4 tiomaterial is n non-dsle material used in 4 — surface. One pramising approach is the ['—'—'—'—'—'—' ————— 1 .
medical dinice, niended o nleect with bidogical et e st L e £ lemaigen 4 G0 e Portmi e i
sysiems . F, Willima) layer-by-layer assembly of Pmmlmem =
polyelectrolyte multilayers- sequential “ﬁ gﬁ a
deposition of oppositely charged [—"-L’M-“’—‘

polyelectrolytes.

The wettability of a surface refers to its ability to attract or repel a
liquid. The results from the water contact angle experiment showed
that dehydration increases the contact angle 8 with the time for both
type of layers until an equilibrium point is reached. Equilibrium point
was reached faster for PAH (day 16). The coating incorporating PAA
demonstrated hydrophilic characteristics (bigger surface energy),
while the PAH surface displayed a moderate level of hydrophobicity.

SEFPIIEP

e day 49 (8= 58°)
Figure 1: contact angle changes in PEMs ending Fomita Vit |
in PaA, equilibriom reached on day 37; re- o ool
hydration on day 37 and 49 confirmed the . .
hydrophilic natune of PAA ﬁ

coresct anghe garicmanar
- CONCLUSION
g% For designing coatings for hip joint implants, the wettability of a
—E. " surface plays a significant role in protein adsorption. The kind and
" quantity of proteins that adsorb onto the surface can be influenced by
g v controlling the wettability and surface-free energy, resulting in
.§ 2 improved tissue integration while minimizing the risk of infection or
. inflammation. The layer-by-layer [LbL) technigue offers a flexible and
accurate way of changing surface properties, enabling tailored
The {days) coatings that maximize the biocompatibility and functionality of hip
joint implants.
Figure : contact angle changes in PEMSs ending in dwﬁ:{a- ?B‘]
FiH, equilibrium reached on day 16; re- hydration
on day 48 did not show significant contact angle Acknowledgements:
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Introduction

The fluorescent micellar carriers with controlled relesse of a novel anticancer drug were developed which aims the simultancously intmcellular imaging and cancer treatment.
This was achieved by the prepamation of nanosized fluorescent micellar systems embedded with 2 novel anticancer drug via self-assembling behaviour of well-defined block
copolymers based on amphiphilic poly{acrylic acidpblock-polyin-butyl acrylate) (PAA-b-PnBA) copolymer oblined by Atom Tramsfer Radical Polymerization (ATRP) and
hydrophobic anticancer benzimsdazole-hydrazone drug (BzH). By this way well-defined nanoswzed fluorescent micelles were obtamned consisting of hydrophilic PAA shell and
hydrophobic PnBA core embedded with the BeH drug into the PnBA core due to the hydrophobic interactions. The size and the morphology of blank and drug-loaded macelles were
investigated using dynamic light scattering (DLS) and transmssion electran microscopy (TEM). The fluorescent ermassion properties of the BzH drug and Muorescent loaded micelles
were determined using fluorescent spectroscopy. The intracellular distributson of drag-loaded micelles, cytoloxicity, nuclear alteratsons and the effect on microtubular ergandzation m
cancer and non-cancerous cell lines were investigated.

Results and Discussion

Preparation of nanosized fluorescent micellar systems and Fi . i

characterization of properties o GRS
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Conclusions

In summary, new benzimidazole-hydrazone was successfully encapsulated i novel fluorescent micellar camers consisting of well-defined block
copolymers based on amphiphilic pobyiacrylic acid-block-polyin-butyl acrylate) (PAA-b-PnBA) copolymer. The cell experiments performed on breast
cancer cell line MDA-MB-231 and non-transformed mammary gland epithelial cell line MCF-104A highlighted several findings that give grounds to
assume the novel bensimidazole-hydrazone-loaded micelles as a very potential anti-tumor drug release system. Further studies should be performed to
analyze the cellular mechanisms involved in the entry of micelles into the cell. as well as their fate in the cells over a longer period of time in relation to
their clearance from the body in future therapies.
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