L MJIAANTE YYEHW B CBETA HA §
NOJIMMEPUTE*

6 OHWN, 2024r.




NMporpama Ha Hay4yHaTa cecus:
10:30-10:40 4. OTKpMBaHe
10:40-11:30 u. NpeacTtaBAHe Ha AoKJ1aawu
13:30-15:30 u. NpeacraBsaHe Ha nNocTepu
15.30-15.50 u. Harpa>kagaBaHe Ha OT/INYEHU
nocrepuv mn gokKnaauv
15.50-16.00 4. 3aKkpuBaHe

MscTo Ha npoBeXxaaHe
3acepgartesniHa 3ana n poane* Ha MHCTUTYT No nonnmepw,
BAH yn. Akapa. I'. BoHueB, 6. 103-B, rp. Cojpusn

*NpU NoAxXoAALLM METEOPOJSIONMYHMW YC/IOBUS, MOCTEpHaTa Cecus Lie ce CbCTou B
OTKPMUTOTO NPOCTPAHCTBO nNpeg VHCTUTYTa No noavMepu



CncbK Ha
ydyacTHMUuUTe




AoKnaawu

Aoknapg Ne 1

MonnmepHWN MULENY OT CMECeH TUN Ha OCHOBaTa Ha nonvnuNepasMHW KaTo BEKTOpU 3a
npeHocC Ha reHu

PymeHa CtaH4eBa', EMun Xanagxoga', Mapus lNeTposa2, VMiBa ¥rpunHoea?, MiBaiino AumMnTpos!,
CraHncnae PaHrenos!

'MIHCTUTYT no nonmmepu — BAH, yn. Akag. l'eoprin boHueB, 6. 103, BXx. A, 1113 Codua, bbnrapus
2 VIHCTUTYT No MonekynapHa 6mnonorus- BAH, yn. Akag. I'. boHues 6n. 21, 1113 Codwus, bbarapumsa

Aoknapg Ne 2

AI/IBEFIH Ha XMBPMAHM BNakKHecTn matepuann ot nonu(L-naktna-cb-D,L-naktng) 3a
doToKaTaNnMTUYHO NpeyYncTBaHe Ha BOAWU

IHa AHacTacoBa, lNeTtqa LlekoBa, MuneHa UrHaTtoea, Onsa Ctomnoea

WHcTuTyT no nonumepwu — BAH, yn. Akag. l'eopru BoHues, 6n. 103, Bx. A, 1113 Codwa, Bbnrapus

Aoknapa Ne 3

CMHTEe3 Ha CbNOMMMEPU Ha NONN(2-N30NPONUNI-2-0KCa30NH) N NONNEeTUNEHUMWH C
noTeHUMaaH NpUNoXeHWA 3a reHHa Tepanua”

Epuk AlumntpoB, Cnbena flonesa, Hatanma ToH4yeBa-MoH4eBa, CTaHMcNaB PaHrenos

WHcTuTyT Nno nonnmepn — BAH, yn. Akag. Neoprv boHues 6. 103, Bx. A, 1113 Codwus, brarapus




[NocTtepu

Moctep Nel.
Ctpaterms 3a nopo6psiBaHe Ha paHo3zasjpaBABalloTo AeiicTBMe Ha  pecBepaTpon  upes
KOMMeKcoo6pasyBaHe C LMKN0AeKCTPUH

. PageBa, V. MopaaHos, B. LiaHkosa, K. MoHuesa
DdapmaueBTnYeH dakynteT, MeguumHckn yHueepcuteT-Codust, ya. AyHas Ne2, 1000 Codus, Bbnrapus

MocTtep Ne2.
New {-potential based procedure for separation of Lignin micro-/nano- formulation for in vitro applications

Severina Semkova', Radina Deneva', Georgi Antov?, Donika Georgieva®*, Zvezdelina Yaneva?, Biliana Nikolova'

'Institute of Biophysics and Biomedical Engineering - Bulgarian Academy of Sciences, Acad. G. Bonchev St., Block 21, Sofia
1113, Bulgaria

Anstitute of Plant Physiology and Genetics - Bulgarian Academy of Sciences, Acad. G. Bonchev St. Bl. 21, 1113 Sofia, Bulgaria
*Faculty of Veterinary Medicine, Trakia University, 6000 Stara Zagora, Bulgaria

“Medical Faculty, Trakia University, 11 “Armeyska” St., 6000 Stara Zagora, Bulgaria

MocTtep Ne3.
Physicochemical Properties of Gene Delivery Vector Systems Based on Functionalized Polyoxazolines: Influence of various
environmental conditions

Denitsa Hristova', Emi Haladjova', Natalia Oleszko-Torbus?, Agnieszka Kowalczuk?, Stanislav Rangelov!

! Institute of Polymers, Bulgarian Academy of Sciences, Acad. G. Bonchev St. Bl. 103A, 1113 Sofia, Bulgaria
2 Centre of Carbon and Polymer Materials, Polish Academy of Sciences, Marii Curie-Sktodowskiej 34 41-819 Zabrze, Poland

MocTtep Ned.
Drug-loaded mixed polymeric micelles: Effects of carriers’ composition, concentration and type of loaded antibiotic on the
biocompatibility and antibiofilm properties

Rumena Stancheva', Tsvetozara Damyanova®, Dayana Borisova?, Ralitsa Veleva®, Petya Dimitrova?, Katya Kamenova-
Stoyanova',Tanya Topouzova-Hristova®, Tsvetelina Paunova-Krasteva?, Stoyanka Stoitsova?, Petar Petrov', Emi Haladjova'

'Institute of Polymers, Bulgarian Academy of Sciences, Acad. G. Bonchev St. Bl. 103A, 1113 Sofia, Bulgaria

*The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences ,Acad. G. Bonchev St. bl. 26, Sofia 1113,
Bulgaria

*Faculty of Biology, Sofia University “St. KI. Ohridski”, 8 Dragan Tsankov Blvd, 1164 Sofia, Bulgaria

MocTepNss.
MoaxoAn 3a nony4yaBaHe Ha eNeKTPOOBAAaKHEHM MaTepuanu oT NoAv(3-XMApoKcuMbyTupaT) ¢ nogo6peHu
¢un3mMKomexaHUYHU CBOMCTBa

Bnagumup Kpbcres, Mapua Cnacosa, Ona Ctomnosa
WHcTuTyT No noavmepu — BAH, yn. Akag. Feopru BoHues, 6. 103, BX. A, 1113 Codus, Bearapus

MocTtep Ne6.
Antibacterial and photocatalytic ability of meta-PBI stabilized carbon nanotubes/plant extract synthesized ZnO hybrid materials

Simona Mitova', Rumyana Eneva', Stephan Engibarov', Silvia Dimova?, Katerina Zaharieva®, Ognian Dimitrov*, Petar D.
Petrov?, Hristo Penchev?

"TUHCTUTYT No Mukpoburonorusa “CredaH AHrenos™-BAH, yn. . ,Akag. I'. BoHyes™, 6. 26, 1113 Codus, bBrarapus
ANHCTUTYT No nonumepu-BAH, yn. , Akag. I. BoHues™, 6. 103A, 1113 Codusa, Bearapus

BUHCTUTYT No MuHepanorvs U Kpuctanorpagus "Akag. MeaH Koctos"-BAH, yn. Akag. [. BoHues®, 6n. 107, 1113
Codusa, benrapuna

*MIHCTUTYT NO eNeKTPOXMMUA WU eHepPriiHK cuctemn ,,Akag. EBreHn byaesckmn™ — BAH, yn. Akag. Meopru boHues, 61.
10, Codus 1113, Bbarapus



MocTep Ne7.
Polymeric micelles loaded with inorganic nanoparticles as platforms for delivery of bioactive sesquiterpene lactones from Inula
hellenium

Eftychia Gkalekou'-*, Emi Haladjova', Antoaneta Trendafilova?, Viktoria Ivanova?, Ivaylo Dimitrov', Stanislav Rangelov'

Institute of Polymers, Bulgarian Academy of Sciences, Acad. G. Bonchev St. Bl. 103, 1113 Sofia, Bulgaria

Institute of Organic Chemistry with Centre of Phytochemistry, Bulgarian Academy of Sciences, Acad. G. Bonchev St. Bl. 9,
1113 Sofia, Bulgaria

*University of Chemical Technology and Metallurgy, Bul. KI. Ohridski 8, 1756, Sofia, Bulgaria

MocTep Ne8.
Preparation and characterization of serratiopeptidase-loaded polymeric micelles

A.Prancheva', K. Kamenova', L.Radeva?, S.Mitova®, K. Yoncheva?, P.Petrov'

'Institute of Polymers, Bulgarian Academy of Sciences, Acad. G. Bonchev St. bl. 103, 1113 Sofia, Bulgaria

?Faculty of pharmacy, Medical University of Sofia, 2, Dunav str., 1000 Sofia, Bulgaria

nstitute of Microbiology "Stephan Angeloff”, Bulgarian academy of sciences, Acad. G. Bonchev St. Bl. 26, 1113 Sofia,
Bulgaria

MocTep NeY.
MonyyasaHe Ha nonumep-moandULMpaHi pH-4yBCTBUTENH HA030MIM 38 KOHTPONMpPaHO AOCTaBAHe Ha
NeKapcTBeHM BellecTBa

K. Kamenoga', B. l'yrnesa? P. Muxarinosa?, . MoMekos’. A. Popuc?, b. Tpxebuuka*, . Momekosa?, I. MNeTtpos'

MHCTUTYT No nonumepw - BAH, yn.“Akaa. leopri boHues®, 61.103, 1113, Codus, brarapus

2bakynTeT no papmauyus, MegunumHcku yHueepcutet ,Mpod. [ -p Mapackee CTosHOB™ - BapHa, yn. ,,Llap
OceoboauTten 84, 9000, BapHa

*akynteT no papmauus, MeanuMHCKKM yHUBepcuTeT - Codua, ya. , JyHas™ 2, 1000, Codua, bbarapms

*LleHTbp No NOANMEPHU 1 BLINEepoAHW MaTepuanu, Noncka akagemus Ha Haykute, yn. M. Kiopu - Cknogoscka 34,
3abxe, Monawa

MocTep Ne10.
fleankoxonunsauus Ha YepBeHo BUHO — MaBpy/, Ypes HaHoGUNTPaLMA NOCPeACTBOM MonecTepHa

mem6paHa Alfa Laval NF99HF

Buktop MpoaaHoe!, KOnusa MleHoea', Mapua [leHuesa-3apkosa', [iparomvp Bacunes!', MipeH LinbpaHcka?®, Anocton
Anoctonos?, iparoMnp AHKOB?

' MIHCTUTYT No $pur3nKa Ha TBbPAOTO Tano -BAH, 6yn. Llapurpaacko woce, 72, Copua 1784, Bbnrapus
2 AHCTWUTYT NO UHXeHepHa xumust ~BAH, yn. Akag,. I'. BoHues, 6. 103, Codus 1113, Bbarapus

MocTep Nell.
Polymer membrane nanofiltration of Bulgarian red wine. Determination of ethanol content by liquid chromatography

Apostol Apostolov!, Dragomir Yankov', Irene Tsibranska', Julia Genova®, Maria Dencheva-Zarkova®

'MHCTUTYT No MHXeHepHa xumus — BAH, yn. akag. Neopru boHues, 6n. 103, Bx.b, Codusa 1113, bearapus

2MHCTUTYT NO GM3MKa Ha TBBPAOTO TANO ,.akag. Meopru Hagxakos™ — BAH, 6yn. “Llapurpagcko woce” 72 Codus
1784, Bxnrapus

MocTep Nel2.

AVN3AVH HA NHOBATVBHW MNOAVMEPHW MATEPUANW KATO AFEHTW 3A BMOKOHTPOJI C NPU/MOXEHWE B
EKO3EMEAENUETO

Hacko Hadves, Mapua Cnacosa, Ona Ctomnosa

MHCTUTYT no nonumepu — BAH, yn. Akag. Feopru BoHues, 6. 103, Bx. A, 1113 Codus, bbarapus



MocTep Nel3.
Modification of nanofiltration membrane surface properties via UV-assisted grafting of hydrophilic monomers

Mariela Alexandrova, Sijka lvanova, Maya Staneva, Darinka Christova

WHcTUTyT No nonmmepu — BAH, yn. Akag. Neopru BoHues, 6. 103, BX. A, 1113 Codus, Bbarapus
MocTtep Nel4.
BopopogeH eneKTpoXMMuyeH KOMNpPecop C NOJIMMEPHa eNleKTPosIMTHa Mem6paHa — Bb3MOXHOCT 3a pa6oTa

npn1 HACKa BNa>XHOCT 1 BUCOKO Auq:oepeuu,manuo HansaraHe

bopucnasa Maaaexosa', Maa CtaHeBa?, lannH bopucos!, EBenvHa Cnasyesa’

' VIHCTWUTYT Mo enekTpoXMMKUa 1 eHepruiiHu cuctemn ,,Akaa. EBreHn bygesckun™ — BAH, yn. Akag. leoprun boH4es, 61.
10, Codua 1113, Bbarapus

2 MHCTUTYT no nonumepn — BAH, yn. Akag. Feopru BoHues, 6. 103, Bx. A Codus 1113, Bbarapus

Moctep Nel5.

Synthesis and characterization of novel amphiphilic polyglycidol/poly(allyl glycidyl ether/poly(g-caprolactone) based block
copolymers

Sibela Doleva, Erik Dimitrov, Natalia Toncheva-Moncheva, Ch. Novakov, Stanislav Rangelov

WHcTUTyT No nonumepu — BAH, yn. Akag. Neopru BoHues, 6. 103, Bx. A Codus 1113, Bearapus

MocTep Nelé.
Novel delivery systems based on polycaprolactone/polyglycidol based block and star copolymers

Niya Delcheva, Erik Dimitrov, Natalia Toncheva-Moncheva, Stanislav Rangelov
Institute of Polymers, Bulgarian Academy of Sciences, Acad. G. Bonchev str. BL.103A, 111 3 Sofia, Bulgaria

MocTtep Nel7.
WsrpaxkpgaHe Ha NOAMMEPHU MUKpoUram upes 3D NnpyuHTUpaHe

Teopopa Aumntposa. MapuH CumeoHoB, EneHa Bacunesa
DakynTet rno xmumusi 1 papmauus, CY ,.Ce. KnumeHT Oxpuacku®, 6yn. Axelimc bayuep 1, 1164, Codus, Benrapus

MocTtep Nel8.
HaHouyacTuum oT nonn(cyndobetanH MeTaKpMnaTt) KaTo HOCUTENW 3a pYTUH XuapaTt

CaeunHa Konegsa, leHnua Hukonosa, EneHa Bacnnera
PakynTeT no xumus 1 papmauus, CY ,,Ce. KnumeHT Oxpugckn™, byn. Iceiimc baydep, Ne 1, Codus, bBenrapus

Mocrep Nel9.
Synthesis of Polymer Amphiphiles for Niosome Surface Modification

Kpym Anekcanapos', Epuk Aumntpos', Hatanuns ToH4esa-MoH4ueBa', MNaeneta Lecrakosa®, CtaHucnas PaHrenos!

"MIHCTUTYT no nonumepw - BAH, yn.“Akag. Feopru BoHues®, 6n.103, 1113, Codpus, Bbarapus
2MIHCTUTYT MO OpPraHW4YHa XMMUA C LeHTbP no ¢uToxmmusa — BAH, yn. . Axaa. Meopru boHues™ 9, 1113 Codus,
bbarapus

MocTep Ne 20.
Dental composite polymer surface treated by Femtosecond laser

Dragomir Vassilev'-?, Vesela Stefanova®, Kostadin Zhekov?, Todor Petrov', Lyubomir Stoychev'

"MIHCTUTYT No ¢u3MKa Ha TBBPAOTO TaNo -bbarapcka akagemusi Ha Haykute, 6yn. Llapurpaacko woce, 72, Copus
1784, brarapus

*Pusndecku dpakyntet, Coduiickm yHmBepcutet ,,.CB. KnumeHT Oxpuackun™, byn. . xeimc baydep™ 5, 1164 Codus,
Bbnrapusa

*bakynTeT No AeHTanHa MeguuuHa, MeguuWHCKK yHUBepcuTeT B lMnoBame, 6yn. B. Anpunoe 15A, Mnoeawms,
Brnrapus






Aoxknap 1

NOAVMEPHW MLUENWN OT CMECEH TN HA OCHOBATA HA
NnONNNANEPASHI KATO BEKTOPU 3A MPEHOC HATEHWN

PymeHa CtaHueBa' , EMu Xanagxosa', Mapusa lNeTtposa?, ViBa YrpuHoea? , Meaiino
Avmuntpos! , CtaHncnas PaHrenos!

"MHCTUTYT No nonuMmepu — BAH, yn. Akag. N'eopru BoHyes 6. 103, Bx. A, 1113 Codusa, bbarapusa
2MHCTUTYT No MonekynspHa 6uonorua, ya. ,,Akag. . BoHueB, 6. 21, Bbarapcka akagemms Ha
HaykuTe

Llenta Ha HacToOALWOTO U3CNeABaHe e A1M3aliH Ha HOBM BMOCHEBMECTVIMU HEBMPYCHW CUCTEMU
3a NpeHoC Ha reHM Ha OCHOBAaTa Ha CMeceHM NonnMMmepHu mmuenn (CMNM). B Tasn Bpb3ka 6axa
nonyyeHM NOAMMEpPHU MULLENIA OT KATUOHEH Nonn(4-MeTUA-NNepasmH-1-1mn)-nponeHoH-611-
NoONMNaKTUA U HeOHOreHeH noaun(etTnneH okena)-6a-nonn(nponuneH okena)-6-
noan(eTuneH okcna) 6aokosmn cenonmmepu. CIMM 6axa M3non3BaHM 3a NoayYaBaHe Ha
Mmupennaekcn ¢ AHK. Cuctemunte 6sxa oxapakTepusmpaHu, KaTo 6saxa onpejeneHn TexHuTe
pa3mep, NOBBLPXHOCTEH NoTeHuman, bypepeH kanaumTeT 1 aprHUTET Ha CBBP3BaHe ¢ JHK.
belle nscneasaHo BAMSHMETO Ha cbcTaBa Ha CIMM BbpXy CBOMCTBaTa U CTPYKTypaTa Ha
nonyyeHute muuenniekcy. lonbaHUTENHO 6axa CUMYAMPaHX YyCoBMA, HanogobaBallm Tesn
B eHA0/11M3030MUTe, 33 4a Ce NpociegaT MPOMeHNTE Ha OCHOBHUTE GU3UKO-XUMUNYHN
napameTpu Ha cuctemuTe. belle oleHeHa 6MOCEBMECTUMOCTTA Ha noaydeHuTe CIMM un
TeXHUTE MULLeNNIeKcun, kaTo 6elle HabnwgaBaH edpekT OT Ab/MKMHATA HA HeAOHOreHHNA
KOMMOHeHT. CucTeMUTe ce xapakTepmsmrpaxa c 406po KNeTbYHO yCBOAABaHE 1 cCNocobHOCT Aa
TpaHcdekTMpaTt NnasmMuna, koaupall, 3eneH dnyopecueHteH npotenH (pEGFP-N1).

KnioyoBu aymn:
Muuennnekcn, KAaTMOHHU cbnonuMmepwn, AHK, TpaHcdekumsa

BnarogapHoctwn

MN3cneaBaHmATa ca pUHaAHCMpPaHW oT PoH HayuHn nscnegsaHuns, Jorosop Ne KM-06-H23/7.
M3nonssaHo e obopyzsaHe Ha M3cnegosaTtenckarta MHpacTpyktypa INFRAMAT, yacT ot
6bnrapckata HaumoHanHa NbTHa KapTa 3a HayuHa MHGpacTpyKTypa.



Aoxknap 2

AN3AWH HA XUBPUAHW BNAKHECTU MATEPUANWM OT
AONNL-NAKTUA-Cb-D,L-JIAKTNA) 3A POTOKATANNTUNHHO NPEHMNCTBAHE HA BOAW

MHa AHacTacoBsa, lNeTqa UekoBa, MmnneHa MrHatoa, Ona CTomnoBsa

Na6opatopua BUONOrMYHO akTUBHU NoauMepu, VIHCTUTYT no nonnmepu — BAH,
1113 Codusa, yn. Akag. l'eopru boHues, 6n. 103, BX. A

MpepgnoxeH e opurvHaneH, neceH M edekTMBeH MNOAXOJ 3a Cb3fAaBaHe Ha xubpuaHu
BNaKHeCTU MaTepuanu ¢ Noaxoasul Amn3aniH 3a ¢oTokaTannTUUHO NpedymncTBaHe Ha BoOAM OT
opraHuU4HM 3sambpcuTtenn. Monu(L-naktng-cb-D,L-naktna)bT (PLDLLA) e m36paH KaTo
noaxoAsLl, cbnoavMep, Tbii KaTto e bBuopasrpagnm 1 6MOCLBMECTUM, amopdeH e n ce
pasrpaxja no-6Lp30 oT xomononnmepa. Kato ¢poTokaTanmsatop e n3bpaH LMHKOBUAT OKCUA,
(ZnO) nopagn ceosATa 6HMOCBHBMECTMMOCT, HWCKa TOKCUYHOCT W pAobpa aHTUMWMKpobHa
aKTMBHOCT cnNpsiMo pejuua natoreHu. MNpu ToBa, ZnO ce oTAM4aBa ¢ oTIMYHa YB-abcopbuns
n <¢oTokatanMTUyHa axKTUBHOCT, KOATO He 3aBucn oT pH Ha cpegata. Taka, upes
KOMBWHMpaHe Ha ceolcTBaTta Ha PLDLLA v Ha ZnO, ca noayyeHn XMbpuaHW BAaKHECTU C
HacoyeH  AW3alH, Kato ca MNpuIoKeHW  MeToauTe  efleKTPoOB/akHsABaHe U
enekTpopasnpbckBaHe. Mopdonornsara Ha nonyydyeHUTe xmMbpugHu BnakHeCcTn matepuann e
HabnwgaeaHa cbc CEM, cHabgeH ¢ EDX m ¢ TEM, a kpuctanHocTTa U TEPMUYHUTE UM
CBOCTBaA ca usciegsaHun ¢ XRD 1 ¢ TGA. Ypes DPPH TecT 3a cBOobOAHWM pajunkann e
AOKazaHo, Yye BKAOYBAHeTO Ha ZnO 3Ha4YWUTeNIHO MOBMULUaBa aHTWOKCUAaHTHaTa akKTUBHOCT
Ha xMbpunaHuUTe maTepmnanu. Hello nosedye, Te 3ana3BaT cBoATa GpOTOKATaNNTNYHA aKTUBHOCT
npu obnbuBaHe c YB-cBeTnMHa CNpPSAMO MOAENHUA OpraHvyeH 3aMbpcvTen MeTWUIeHOBO
CWMHbLO, AOpU WU cNej 5-KpaTHO M3nonssaHe. Te3n NpeAlMCTBA MOKasBaT NoTeHuMmana Ha
HOBWTe MaTepmanu KaTto epekTUBHU CpejCTBa 3a MNpeymncreaHe Ha BOAWN OT OpraHuUyYHun
3aMmbpcUTenn.

Knouoem gymn:
e/leKTpOOBNakHABaHe,  efekTpopasnpbckBaHe, nonu(L-naktna-cb-D,L-naktng),  ZnO,
$poToKaTaNUTUYHA aKTUBHOCT

BnaropapHoct: B npoBegeHuTe u3cneaBaHWA e u3nonseaHo obopyaBaHe  Ha
pasnpegeneHaTta HayyHa UH$pacTpyktypa MHOPAMAT, yacT oT HaumoHanHata NbTHa KapTta
Ha Bbnrapua 3a Hay4yHa UH$pacTpykTypa, puHaHcKpaHa oT MOH.



Aoknap 3

CHUHTE3 HA CbNMOMTNMEPU HA NOAN2-30MNMPONNN-2-O0KCA30JTMH) M NTOJTMETUNEHMWH C
ANOTEHUWWANHW NPNNOXEHWNA 3A TEHHA TEPANA

Epuk Anmutpos! , Cnbena fonesa', Hatanua ToHyeBa-MoHueBa! , CTaHucnas PaHrenos!
'MHcTUTYT no nonnmepu — BAH, yn. Akag. leoprin boHues 6. 103, BX. A, 1113 Co¢us, barapus

Mpes3 nocnejHnTe roANHW NOAMMEPUTE OT Knaca Ha Monu(2-ankwun-2-oKCasonuHWTe) npusanyat
3HaYMTENHO BHWMaHWe, MNOopPajW TexHWTe MOoTeHUWaNAHW npPUIoXKeHUs BbLB ¢apmaumsaTa U
MeguLMHaTa. FonaMa 4act oT Te3W MNOoNMMEpPU ca XUAPOPUNHWN, HETOKCUYHU U BUOCHBMECTUMU,
KOeTO I MpaBuv MOAXOASLLM 33 AOCTaBKa Ha JlekapCTBeHW, BMONOrMYHO aKTUBHK BellecTBa W
npotenHn. [pyr LWWPOKO YNOTpeBABaH MNoJMMep e MNoAneTUNeHUMUHBT, M3BeCcTeH olle KaTo
»3N1aTHUA CTaHAapT® 3a reHHa TpaHcdekumsa. Tod MMa cnocobHocTTa fa ¢opmupa CTabunHU
NoNNeNnekKTPONUTHN KOMMNEKCU € HYKNeUHOBUTE KUCENIUHW, YNecHABaKA npuemMa UM oT KneTkuTe
ypes eHAouMTO3a. Bbnpeknm TOBa BWUCOKATa TOKCWMYHOCT Ha MOAMETUNEHWMWHA oOcCTaBa
npeAn3BMKaTeNCTBO, OrPaHMYaBalllo Bb3MOXHOCTUTE MY 3a NpuaoXeHue. 3a Aa bbae HaManeH Tosn
edekT, b6AXa CMHTe3UpaHWM 670KOBM CbMOAVMEPM Ha NOAVNETUIEHUMUH W MNOAU(2-u3onponun-2-
OKCa30NWH) 4Ype3 MW3MNoA3BaHe Ha pPasinyHU MNOAXOAM, BK/AIOYBALLUM CUMHTE3 Ha WHWLKMATOPMW,
KaTWMOHHAa MNOAMMepU3aLMsa C OTBApPsSHE Ha NPbCTEHA Ha 2-ankun-2-oKcasonnHu, GyHKLMOHaNM3aLms
Ha nMonnvMepu W M3MNoN3BaHeTO Ha BUCOKOeheKTUBHUW ,KNUK® XUMUYHU peakuunun. baxa nposegeHu
cepus ekcnepMMeHTW, Lensaliy HamypaHe Ha ONMTUManHW YCI0BMA 3a CceNekTVBHA XMAponuvsa Ha
noNn(2-eTMN-2-0KCa30NNH)OBUA 60K, KaTO MO TO3W HaYWH Belle nonydeH NojobpeH TpaHcheKTaHT ¢
KBasn-bnokoBa apxuTektypa. CBOWCTBaTa Ha NoAyyYeHWUTe 6AOKOBM ChMOAMMEPU Ha Noau(2-
M30MpPonua-2-0KCasonuH) U NOANETUNEHUMINH KaKTO U Bb3MOXHOCTUTE 3@ TAXHOTO NPUNOXeHWe BbB
dapmauuaTa n MeguunHaTa NpeacTon Aa 6bAaT U3CeBaHN.

KnouoBu gymmn:
nofMeTUNeHNMINH, reHHa TpaHch ek, NoAV(2-anknn-2-0KcasonnH)v, cenekTMBHa XMApoamns3a

BnharogapHocTi

B Teswn um3cnegBaHMs e m3nonseBaHo obopyABaHe Ha PasnpegeneHata HayyHa UH$pacTpykTypa
MH®PAMAT, yact oT HauumoHanHata nNbTHa kapTa Ha bbarapmsa 3a HayyHa WHQpPACTPYKTypa,
nogkpeneHa ¢prUHaHCOBO OT MMHUCTEPCTBO Ha 06pa3oBaHMETO U HayKaTa.






MNMocTtep 1

Crparerus 3a nogoOpsiBaHe Ha paHO3a3/pPaBABaIOTO NeHCTBHE Ha
pecBepaTpoI Ype3 KOMILIEKcooOpa3yBaHe C IMKIONEKCTPHH H
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New (-potential based procedure
for separation of Lignin based micro-/nano-
formulations for in vitro applications
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~ Lignin® Formulations
“llrﬂ [ I]] . A Table 1. Change of size and
L-potential after centrifugation
. . Size . N
These days micro-/nano- polymer formulations are Size L - potential
. . . . . . . . ]: I 1 ’
increasingly applied in both in vitro and in vive drug research. OmHSONS 0P Before | After | Before | After
. . . . E-Potential
Due to its natural origin, a highly branched biopolymer | T YT
Lignin has a significant potential as a carrier. Lignin® a66%) | dezse | S8 | B
The optimisation of the size of the micro-/nano- ipineNaingein | 15700 | 50mm |
formulations is crucial for ensuring experimental consistency Lignin@Quercetin Formulations G572%) | W639% | '
Bedore Aber

and to avoid negative influence on cell vitality. Achieving
optimal size during manufacture is still a difficult task.
Moreover, the concentration determination for in vitro
application after purification procedures is an even greater
challenge in case of biopolymer formulations, composed from
units without spectral characteristics.

In this study we propose a novel procedure for size-dependent scparation.
of Lignin based micro-/nano- formulations via using low-spin centrifugation
and a new protocol for calculation of relative particles concentration.

Matenals @"]J Hethos

Zetasizer Nano ZS analyzer
(Malvern Instruments, UK)

d  Vivaspin™ centrifugal

a4 types of Lignin based biopolymer
micro-/nano- formulations:

* Emply formulations concentrators & Centrifuge
. o 4 Human breast cancer cell line
* loaded with Naringenin (MDA-MB-231)

. . 0 Leica DMIL microscope
* loaded with Quercetin d  Tecan Infinite F200 PRO" (Tecan,
Austria)

* |oaded with Morine

O Dynamic light scattering &
electrophoretic  light scattering
techniques

0 MTS-based cytotoxicity assay

U Microscopy
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0
GONGIISIONS

By using this novel procedure, we successfully purified the initial
Lignin based formulations, separated particles by size and proposed the
methodology for calculation of their relative concentration.
Additionally, we concluded that these formulations are suitable for in vitro
experiments after applying this new optimised protocol.
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Functionalized Polyoxazolines: Influence of Various Environmental Conditions
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INTRODUCTION
The exogeneous DNA delivery in the human body is of great importance since it enables the development of modern therapeutic drugs and treatment
strategies. In the current research, the potential of poly(2-ethyl-2-oxazoline)-poly[2-(3-butenyl)-2-oxazoline] copolymers functionalized with primary, secondary
or tertiary amino groups as gene vectors was investigated.

POLYMER STRUCTURES AND MOLECULAR CHARACTERISTICS

The type and the ratio of amino functionalities in the macromolecules are

Polymer code Amine Molar mass, T, | ¢-potential,
essential for their complexation ability, release properties and group g.mol* °c mv
biocompatibility. Here we used three identical copolymers differing in the b b =
type of amino functional groups to follow their influence on the EtOx-PBtOx 452 10 11700 50 25.9
polyplexes properties. PEtOx-PBtOx | 453 2 12 500 14 20.6
PEtOx-PBtOx 455 3° 12 100 - 22.8
Poly(2-ethyl-2-oxazoline)-poly[2-(3-butenyl)-2-oxazoline] copolymers
y The buffering capacity of the ] 5|
¢ ¢ . | S :
) (co)polymers is related to the proton ] - " . 452
{ { & 483
\_ sponge effect and together they are o] . v a8
Y / v { _, considered responsible for endo- A B b
= S you e J \—. " lysosomal escape of polyplexes. The ] . N
) 4 ) ¢ buffering capacity of the PEtOx-PBtOx & *1 NN :
) ' "«__ copolymers was  estimated by ®4 Y \
4 standard acid-base titration. Despite + 3
the low content of amino groups the ] " . " .
/1% amime 2° amine ) 3 amine copolymers showed capacity to ] . . i i . .
) escape the endo-lysosomal ° ° "‘omi"‘m I“ o
{-: compartment. | o

COMPLEXATION WITH DNA
The PEtOx-PBtOx copolymers were used to compact DNA. The complexation ability of the copolymers was studied by the ethidium bromide quenching assay.
Then, polyplex particles at an amino-to-phosphate group (N/P) ratio of 8 were prepared with short (115 bp), long (2000 bp), and plasmid (4730 bp) DNA. Their
physicochemical parameters (hydrodynamic diameter and Z-potential) were determined by dynamic and electrophoretic light scattering. The behavior of
complexes at various environmental conditions such as low pH, presence of salts were studied. The release properties of the copolymers were determined.

oo
452
DMNA I Etbr
= b L i 100 = DNA short+Et br 100 Plasmid+Et br o :ss-‘[)me
I% ) 8.
2 e N . asz ——r 4s3+Dex
a 0 e 2 - :‘3 - N . 483 @ 504 ] 4s5
L N, 4 455 o 4 ash - 455+Dex
yE # 804 * # \}‘. E g 40
= L ] N @ §
e | E i \ S i
g 5 =1 N 0 N =
g ¢, \ b . s a8 <]
5 ks : » :
e s : . . - e ol
L od 1 . 3
o
D . o
. : - = - H H 10 18 2 H H o " 2 oNAng ONA snon Frasmid
NP ratio WP eatio NP raio NPmg
Influence of DNA type Influence of ionic strength Influence of pH CONCLUSIONS
W B oo- The investigated  PEtOx-PBtOx
- B e e B 452 pt=7, 25 deg copolymers were able to interact
!:ﬁ}ﬁ"—? 25deg with short, long and plasmid DNA
I x5t o] forming polyplexes. The size of
]
complexes ranged from 50 to 210 nm
3 £ depending  on the  amino
- e functionality (1°, 2° or 3°) and DNA
_ type. The surface potential of the
. i vector systems was mostly positive.
The copolymers were characterized
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by prominent buffering capacity.
They exhibited ability to release DNA
molecules. Effects of the amino
functionality as well as the type of
DNA on the physicochemical and
release properties were found.
Therefore, we could conclude that by
fine tuning of these parameters we
could obtain biocompatible and
effective gene delivery platforms.
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Introduction

Polymeric micelles have been extensively studied as drug delivery carriers. In recent years, various micellar systems carrying a positive charge have been found to exhibit strong antibacterial
and antibiofilm activity. Since the polycations are usually associated with pronounced cytotoxicity, mixed polymeric micelles bearing non-ionic moieties might be a good alternative for the
development of novel biocompatible anti-biofilm agents.

In this work, mixed polymeric micelles (MPMs) based on two amphiphilic block copolymers - cationic poly(2-(dimethylamino)ethyl methacrylate)-b-poly(e-caprolactone)-b-poly(2-
(dimethylamino)ethyl methacrylate}) (PDMAEMA-PCL) and non-ionic poly(ethylene oxide)-b-poly(propylene oxide)-b-poly(ethylene oxide) (PEO-PPO-PEO, known as Pluronic F127)
were prepared. The resulting MPMs possess a mixed hydrophobic PCL/PPO core and a mixed hydrophilic PDMAEMA/PEO shell. The preparation of MPMs carrying both cationic and
nonionic moieties is aimed at the development of biocompatible systems with strong antibacterial properties able to deliver antibiotics and combat bacterial biofiims.

Formation of mixed polymeric micelles and their loading with antibiotics
MPMs were formed by dropwise addition of copolymer organic solution to agueous media followed by dialysis against water. Three different molar ratios (3/1, 1/1 and 1/3) were used.
All dispersions were prepared at a concentration of 1 mg/ml, then they were diluted, giving concentrations in the range of 1 to 0.125 mg/ml.
The particles were characterized by small size ranging from 31 to 45 nm and a positive {-potential dependent on their composition. Their physicochemical characteristics were not

influenced by the concentration of the micellar dispersions. Al systems were successfully ] , ; : i
o oo | 31 R e TP 1 ‘”l T mgimi " loaded with two different types of ! ' ' '
" g:‘i&?ﬂ.. " ES-:;:&',”;, wl Egism&"-".:.. antibiotics. Both ciprofloxacin (CF) = |

0.125 mgimi | 0,125 mg/m £L12S mgfmd and azithromycin  (AZ) were §
w0 ” & selected since they are wide § |
£ ) : E spectrum antibiotics approved by = “
] | . ! : 1 I LTI the FDA against various bacterial ém-
infections. & e
2 The encapsulation efficiency (EE) az
. and drug loading content (DLC) of POMAEMA 31 1 13
ekt et CF | _ipaced A2 pure micsles  loaded CF  kaded AZ pure miceles  baded CF  loaded AZ the systems were determined by
- H:g'mw"“' @y Tegiml . HPLC analysis. An effect of the " )
Nhs SEtn|  a Pt antibiotic nature on the EE and | 4 . 1 i
. . . 9125 mgiml DLC was observed. CF exhibited
7wl . high values of EE and DLC due to ¢ »

= j i its localization in both the micellar g
F 20 N 5

s = E - i core and the micellar shell. In 2

g o contrast, AZ was accommodated §

w o only in the micellar core as its 2 |
s : loading was strongly influenced by L
° " pura micolos | loadod CF Ioaded AZ " pure micelles. loaded GF loaded AZ " pure micoles | loaded GF loadod A7 the micellar composition. PDMAEMA LS 11 13
Release profiles Cytotoxicity
The antibiotic release from MPMs was investigated in phosphate buffer (pH The cytotoxicity of the resulting micellar systems was determined by the standard MTT method.
7.4) at physiological temperature. The amount of released drugs was determined | Normal diploid human skin fibroblasts (HSF) were used for this study.
by HPLC. A strong composition dependent cell viability was observed. As expected, the cytotoxicity

Generally, the CF-loaded systems displayed a prolonged release profile, while | decreased with the lower cationic content in the micelles. An effect of the concentration on cell
the AZ-loaded MPMs exhibited a burst release. The effect of the micellar | viability was also observed. The AZ-loaded systems were mostly less toxic than CF-loaded MPMs.

composition was only slightly expressed in CF-loaded particles and was more | However, at lower concentrations (0.25 and 0.125 mg/ml), all systems demonstrated a lack of

clearly pronounced in AZ-loaded micelles. toxicity as the cell viability values were close to the control sample.
00 PBS pHTA I PBS pHT 4 e -
] g .
L - - * 5 o )
— g g«
[ —=— POMAEMA| | —=— POMAE
3
11 1
1-3 1 1: § - 3
o L] IDT,mn_ N " 20 kel o 5 If}Ym‘ " 15 0 -] ﬁ - S ’e JE——
Biofilm biomass reduction and metabolic activity
" wH W [ o Gy Biofilm biomass reduction was
T o 1 . . [ estimated by a crystal violet assay.
Eg . . f: - | _ For evaluation of the metabolic
H I|I ' I I i . i — I I I " activity of the biofilm bacteria, the
"R - ) . i redox indicator Alamar blue was
- I "I PI 'I !I - f,'l! ‘]I I!, I!:I “ I!l i “ 0 III |II " liI I ml 1 used. The bacterial strain E. coli
st i e ot WA | kot gz | i | ottt | mrtssaoirt | w0 rtmnismintz| o 25922 (ATCC) was selected for
fp— T smismgm  isssenm [ S these experiments.
o . . w Al micellar systems could
P - Mhoemmy it 1 e detach pre-formed bacterial
i« E “ e & biofilms, reducing their biomass by
;- i~ Eemll e : more than 70%. The metabolic
: ‘“n m H i ‘ I} H ”l' I‘ m ‘ ‘ I activity of the biofilm was strongly
B f Iﬂ| I” . | i ‘ suppressed by the antibiotic-loaded
et | abetevistrt sz | w0 el el ' i micelles, indicating successful drug
S 05 myin nun s ..:»;.\.:m. . anmum Ry delivery and release.
Conclusions

MPMs of different compositions were prepared. They were in the nanoscale range with a hydrodynamic diameter around 40 nm, while the {-potential value was dependent on their
composition. The physicochemical parameters of the mixed systems were not influenced by their concentration. The MPMs were effectively loaded with two wide spectrum antibiotics-
CF and AZ. A strong effect of the antibiotic nature on the EE and DLC was observed. The CF-loaded systems were characterized by delayed release profile while AZ-loaded micelles
exhibited burst release. In vitro cytotoxicity trials evidenced lack of cytotoxicity of the MPMs at lower concentrations. The systems were able to detach preformed bacterial biofilms
formed from E. coli 25922. They successiully suppressed the metabolic activity of the rest of the biofilm, indicating the effective delivery of antibiotics. Therefore, we can conclude that
the designed systems based on mixed polymeric micelles have great potential as effective and biocompatible antibacterial agents.
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Green synthesis of hybrid materials is an alternative method to physical and conventional chemical methods, which is cost-effective and environmentally
friendly. The hybrid materials combine the advantages of the polymeric substrate scaffold such as low-cost, mechanical stability, high durability and flexibility and
combining the photocatalyst property the inorganic parts. This study focuses on the preparation of multi-walled carbon nanotubes (MWCNTs) and nanostructured
zinc oxide nanocomposites from natural extracts and meta-polybenzimidazole (m-PBI) surface wrapped hybrid dispersion of multi-walled carbon nanotubes (m-
PBI@MWCNTs) was prepared from organic solvent. The ZnO nanoparticle powders were prepared by green synthesis using plant extract of Vaccinium vitis-idaea L.
Direct re-dispersion of the surface modified ZnO powder in m-PBI@MWCNTs hybrid dispersion lead to preparation of mixed photocatalyst hybrid dispersion of m-
PBI@ZnO/MWCNTs with variable content. The resultant hybrid dispersions were used for surface impregnation onto microfibrillar cellulosic substrate. The
prepared composites were characterized using powder X-ray diffraction and SEM analysis. The antibacterial activity of ZnO NPs was evaluated with Escherichia coli
ATCC 25922 as a test microorganism. The photocatalytic efficiency of m-PBI@ZnO/MWCNTs composite and the ZnO were also investigated in the photocatalytic
degradation of Methylene Blue dye in aqueous media.

HYBRIDS PREPARATION: CHARACTERIZATION

Schematic representation of m-PBI@Zn0O/MWCNTs hybrid
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Fig. 3. Resazurin based Microtitre Dilution Assay (RMDA) method for evaluation of MIC
in 96-well plate. Wells in the rectangles are Inoculated with bacterial culture of 5x10%
CFU/mL. Pink wells indicate cell growth.

Fig. 5 Photocatalytic antibacterial test.

Left: scheme of the
experiment. Right: results, A) effect of the tested materials after UV-
irradiation; B) effect of the tested materials without irradiation

The photocatalytic antimicrobial effect of the materials was observed
fer a short irradiation interval — 10 minutes.

Fig. 4. Antibacterial activity of the hybrid materials. The results are
presented as percentage of the control sample for each hour of testing,
The combination of cellulose and CNT in dynamic contact with the
bacteria also showed antimicrobial properties,

¥ (MIC} of Zn0 column B positive
contral, colurmn 10: control wells of resazurin dye for each Ziv0 concentration. The MIC of the
Zn) nameparticles was 0312 mp/mLifig3A) B} MIC of CNT nanoparticles, lines A, B: a sector from
96-well plate kept In static condition. Lines F-H: a sector from another 96-well plate
incubated on a wrist-shaker. Legend between B and F lines shows the concentration of CNT
in each column of wells. Well G12 ~ positive contral,

PHOTOCATALYTIC ACTIVITY CONCLUSIONS

4 MPRIOIIOMNCTe 11 01 o » Novel hybrid materials based on PBI stabilized ZnO
£ g0 s mPEDZNOMWCNTS 21; HO, : 2 o] o+ mPBUZIO . andfor MWCNTs dispersions were prepared and
O R T S| S TR e deposited on microfibrous cellulose substrate.
H S ey it . = > The addition of ZnO NPs greatly improve the
L A & w gt impregnation efficiency/spread ability of MWCNT
20 ) ¥ I 2 £r dispersion onto cellulosic substrate.
A ‘ : » Combinations of inert carrier, stabilizing agent, and
U‘ 20 40 80 8D 100 120 140 180 180 200 aU “m 40 B0 80 100 120 140 180 180 200

Time, min

Fig. 6. Photocatalytic degradation of
Methylene Blue dye (MB) as model
contaminant in agueous solution (5 ppm)
under UV irradiation.

Time, min

Fig. 7. The degree of degradation of the
MB dye in aqueous solution with time
under UV irradiation using prepared hybrid
materials as photocatalysts,

two types of nanoparticles showed significant
antibacterial activity, which was primarily due to ZnO.
Its ability to induce the release of ROS is increased
many times upon irradiation with UV light and greatly
reduces time required to achieve a bactericidal effect.

Acknowledgement: The authors express their gratitude to the project with the Bulgarian National Science Fund , KP-06-N69/8 (KI1-06-H69/8), “Novel polymer-hybrid
materials containing (bio)synthesized metal oxide particles with improved photocatalytic and antimicrobial potential” for the financial support.
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%mmz POLYMERIC MICELLES LOADED WITH INORGANIC
NANOPARTICLES AS PLATFORMS FOR DELIVERY OF BIOACTIVE

SESQUITERPENE LACTONES FROM INULA HELENIUM

Eftychia Gkalekou,? Emi Haladjova,! Antoaneta Trendafilova,? Viktoria Ivanova,?
Ivaylo Dimitrov,! Stanislav Rangelov!
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Introduction

1.0 so - - - - o - 3 - . .
Plants possess substantial quantities of non-nutrient secondary metabolites with bioactive properties, commonly referred to as phytochemicals. They are interesting sources of
active substances with capability to combat bacterial infections. Polymeric micelles, PMs, are nanoscopic core/shell structures formed by amphiphilic block copolymers. The

properties of polymeric micelles make them particularly well suited for drug delivery purposes. They could serve as vehicles giving shield to phytochemicals against oxidation in
vitro and in vivo,

The aim of this work is the design ol polymeric nanoscopic antibacterial agents of plant extra

Therefore, polymeric micelles based on amphiphilic poly(4-methyl-piper:
vl}-propenone)-b-polylactide block copolymer (PMPP-PLA), were prepared. The micelles were used as carriers for sesquiterpene lactones from Inula helemum. Addmonally,
the loaded polymeric micelles were decorated with silver nanoparticles to strengthen the antibacterial properties of the resulting systems.

Inula helenium
- . . . R H H
I'he extract of Inula helenium root has a promiment potential as Wlammatory, (] (s}
antioxidant, antibactenial, antifungal, anthelmnue, antproliferative and  cviotoxic l\{:o | : (0
activity.  Most ol these biological activities are due 1o the presence ol the H H H
sesquiterpene  lactones  (alantolactone, AL, and  isoalantolactone,  TAL) Alantolactone (AL) Isealantelactone (IAL)

The extraction ol plant material was carried out as an air-dried and ground Inula heleninm roots were extracted with chloroform at
room lemperat The crude ext

el was obtained alter [liration and concentration under reduced pressure. TIPLC analysis, was
used for quantification of both AL and IAL.

Preparation of PMPP micelles

poly{l-methyvl-piperazin-1vl-propenone)-b-polvlactide,

PMs were formed by dropwise addition ol a copolvmer organic solution to aqueous

media followed by dialysis against water. The final concentration of micellar dispersion T ‘{\H)\ ‘]\ 2 &
was (.5 mg/ml. The micelles were compaosed ol hydrophobie PLA core and hydrophilic

i.

PMPP shell. They were of small size at about 80 nm and positive I-potential. The - .

micelles are characterized by good colloidal stab as their physicochemical parameters \) < potuntial 342 i potontial 2.1 iV
remain unchanged for 1 month. 1

. L : . P P R R P R
of polymeric micelles with Inula helenium 0.
1AL AL
L5
Palymer/Tnula D, 1 Z-potential ' . 101
ratic - * w *
After preparation | After 1 moath - Al ration | After 1 month |

| | | . LA 0] (LX)
11 103.8 - 158 - £ @ h
| 21 92.6 900 150 6.6 ; | A - | |

| = : I I $ P \ 1M eamace
|51 69,6 66,3 188 9.4 E = . "

10-1 G4 69.2 244 12.3 &8 Standard micare
251 (SR B35 22,4 fXi] 0 s e

- - L ) &1 w1 21

Py dria rEe

Loading of Inula heleniun was performed by addition of the plant extract 1o the micellar dispersions to obtain polymer-o-extract wei
mixtures were first sonicated lor 1 h at 60 °C and then lillered. The flter was washed with methanol to collect the unloaded extrac
determined by HPLC. It was found to depend on polyvmer-to-plant we
were also influenced by the s

hit ratio m the range ol 1/1 1o 25/1. The
t. The encapsulatnon elliciency (EE) was
1 values were observed above 10-1. The size and Z-potential ol loaded micelles

ght ratio as the optin

lio.

Release of Inula helenium from polymeric micelles Decoration of Inula hellenium loaded micelles with AgNP

00y
100 —" . - . "
Inula  helenmun release  from  the micellar ol b
2 systems was investigated in a phosphate buffer
* w (pII=7.4) at p slogical temper: 3 #m
g “ | loaded at a po|)'u|cr—l(>—cxl1‘a(‘l \\'cig])l I S{'
2 e 10/1 were used. The amount of released « £
= — . . . M - N
was “(k ined by HPLC. A burst 2] ——
o 4 profile was observed. < potertial 35,4 miv
1 3 3 B ] ¢
Tire h [} 0 "o =) 20
0, nm
Conclusions o The Inula heleninm loaded micelles
- Mcalles with Inuia . :
: et with It AP were decorated with silver
v Polymeric micelles based on poly(d-methyl-piperazin-1-yl)-propenone)-b-polylactide 054 nanoparticles (AgNPs), prepared by
block copolymer were prepared. ® u~: w=sitn reduction of AgNQO, on the
¥ The micelles were successhully loaded with sesquiterpene lactones from Inula g J polveationic micellar coron: der
helenium root extract. 3 04{ UV wrradiaon. The  successful
¥ The polymeric 1ers exhibited burst release profile of the plant ex | formation of AgNPs into cationic
- . . - . L - v
v The systems were decorated with AgNPs for strengthening their antibact | micellar corona was proved by UV
efliciency. a0 spectroscopy  and  light  scaterit
. . . . . 0 00 so0 500 oo a0 N
v The results nllpl_\-' that the svsleis are pronusig Lo be used as antibacterial agents. wavslerght (nery i

The support by the Operational Program “Researc
Competence “Sustainable Unliztion of Bio Resources and W
Research Infrastructure INFRAMAT, which is part of Bulgan

used in tl
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]L Preparation and characterization of serratiopeptidase-loaded cimecen 75 BULGARIAN
INSTITUTE of

& 1
Anna Prancheva!, Katya Kamenova!, Lyubomira Radeva?, Simona Miteva® Krassimira Yoncheva?, Petar Petrov!
Institute of Polymers, Bulgarian Academy of Sciences, Akad. G. Bonchev St. 103-A 1113, Sofia, Bulgaria

2Faculty of pharmacy, Medical University-Sofia 1000, Sofia, Buigaria

IInstitute of Microbiology "Stephan Angeloff’, Bulgarian academy of sciences, Acad. Georgi Bonchev Street,

blok. 26, Sofia, zip 1113

Serratiopeptidase is a proteolytic enzyme defined as a "super enzyme" with proven powerful anti-inflammatory activity. Clinical use of the enzyme has been
reported for many diseases such as arthritis, sinusitis, inflammatory bowel disease, fibrocystic breast disease, chronic bronchitis, post-operative swelling and
pain, atherosclerosis, etc. The critical problem in enzyme therapy arises from the large size of the protein molecule, susceptibility to denaturation and
degradation, short half-life, and poor bioavailability. One of the promising strategies to solve these problems is the use of polymeric nanocarriers which have
several advantages as drug delivery systems, including biocompatibility, biodegradability, stability, high loading capacity, and controlled release into target
cells. In recent years, polymeric micelles have been widely investigated in preclinical studies for the delivery of several bioactive substances, including
therapeutic proteins, DNA, and RNA.

[ Synthesis of amphiphilic PDMAEMA9-b-PCL35-b-PDMAEMAS9 triblock copolymer by RAFT polymerization ]

o A e O S o O

HO-PCL-OH DCC/DMAP O CTA-PCL-CTA ©
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©ﬁr Anisole
(o} o] 24 h
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F—/ o
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{ Preparation of polymeric micelles ]
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o Dh,nm . . . PDMAEMA micelles and various concentration of the based on PDMAEMA micelles and various concentration of
Size distribution of PDMAEMA micelles Zeta potential of PDMAEMA nricelles serratiopeptidase the serratiopeptidase
100+
s ENZYME
® COMPLEX 1
= 80
54 - & 4
4 - 'g 60
g i
§ 34 - % 404
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g L] © 1
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TEM image of PDMAEMA/SER TEM image of PDMAEMA/SER L
comnplexes with concentration of enzyme complexes with concentration of enzime 1 = s o
0.25 mg/ml by 1 . - ! . . . X .
/) 5 mg/m e 4] 1 2 3 4 5 6
Clmg/ml] | U/ml__| U/g Time, h
ol 1
Enzyme actiol fy 0.1 131 26267 Concentration (g.L") Figure, In vitro !'elease test of serratiupeptidlase loaded
0.1 complex 1,98 19793 into the nanomicelles in phosphate buffer with pH=6.8.
1,59 31718 UV-vis spectra of SER and PDMAEMA/SER complexes at different
1,69 33798 enzyme concentrations (from 0.1 to 5 mg/mL) at 25°C.

An amphiphilic PDMAEMA-b-PCL-b-PDMAEMA triblock copolymer was successfully synthesized via RAFT polymerization. Nanosized micellar carriers, comprising a PCL core and a PDMAEMA shell, were
prepared by self-assembly in agqueous media. The resulting particles have a small size of 29 nm and a positive zeta potential of 29 mV.

Serratiopeptidase was loaded into cationic micellar nanocarriers via electrostatic interactions between negatively charged protein molecules and positively charged PDMAEMA segments at different mass
ratio polymer/enzyme [ from 1:0.1 to 1:10). At the highest concentration of SER was observed significant increase in particle size due to the formation of copolymer-protein aggregates.

Conclusions:

Acknowledgments: This research was funded by the Bulgarian National Science Fund (Grant KP-06-M-69/3). The authors thank the INFRAMAT project for the research equipment that was used in this investigation.
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TlonyuyasaHe Ha nonumep-moanpuUUUpaHn pH-dyBcTBUTENHK )
BBLATAPCKA BULGARIAN
rT— HUO30MU 30 KOHTPONMUPAHO AOCTABAHE HA JleKapcTBeHWU i o 5 i
ol
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A A

K. Kamerosa!, B. M'yrnesa?, P. Muxaiinosa3, . Momekos3, A. @opuct, b. Tpxebuuka?,
. Momekosa3, TT. TTetpos!

IHucmumym no noaumepu - BAH, yn."Akad. leopzu bonues', 64.103, 1113, Copusi

2Kamedpa no apmayesmuynu mexnoaozuu, bakyamem no gapmayus, Meduyuncku ynuaepcumem ,fpo. J -p llapackes Cmosanoe” - Bapua, ya. ,Llap Oceo6odumen” 84, 9000, BapHa
Jdakyamem no papmayus, Meduyuncku ynusepcumem - Cogpus, ya. , fiynas” 2, 1000, Copus 26, Sofia, 1113

enmep no noaumephu u 6saepodnu mamepuaau, loscka akademus Ha Haykume, ya. M. Kiopu - Ckaodoscka 34, 3atace, lloawa

™
BbeeneHue: Huosomute ca BE3VKYNAPHU HAOHOHOCWUTENW, 06pasyBaHUu OT GMPUEPUIIHN HEHOHOTeHHM MOBBHPXHOCTHOAKTUBHM BeLiecTBa M XONecTeposl, KouTo )
€amoacouMmpar BbE BOAHA CPeAd W OBpa3yBaT 3ATBOPeHM ABYCNOMHW CTPYKTYpW. TAXHATA YHWKANHQ CTPYKTYpQ NO3BOnsEa Aa 6bAAT HATOBAPEHWM KAKTO C XMAPOPOGHM
BELWeCcTBa B JIMMMAHATA CU HACT, TAKA U € XMAPOPUITHUA BelLecTBA BBTPe B XUAPOPUITHOTO SAPO. CTPYKTYPHATA MOAMPUKALMA HA HAO3OMANHATA MeMBPaHa ¢ pasfiiuHm
nofMMepu Moxe Aa NpUAGAE AOMBIHUTESTHW PYHKLMK M Aa NOACEPU TEXHUTE (PUMKOXMMUYHU U BUOPAPMALEBTUYHI XAPAKTEPUCTUKM.
Llen: Uenta Ha HacToswoTo uacneaeaHe e papaboTeaHe HA pH-UyBCTEUTENHM HAHOHOCUTENM 30 ROCTABSHE HA GUOGKTMEHM BElECTEA Upe3 MeMBPaHHA MOAWGUKALUA Ha
\KOHBEHLLVIDHCU'IHVI HUO30MU € pH-UYBCTBUTESNIHMU CBMOSIMMEPU HA OCHOBATA HA XeKcaaeuns-nou(akpusiosa KMcesnmHa).

o 4

CuHTe3 Ha pH-HYBCTBMTeJ‘IHM nonumepuy Ha ocHoBaTa Ha XBKCGL[ELIMH-HOJ‘IM(GKPMHOBQ KMCBHMHG)

i+h
OH e —— HDMBr
Hexadecanol b —— HD-PBA,
o ——HDPBA,,
Triethylamine I

Br
Br

/ HD-Br

Dichloromethane, 18h

Br

o CuBr/PMDETA " l = /
o Acetone, 50 C, 18h d c
l A
d c R e —
l 7o® 19w n
; A
T T T T T T T T T T T T T Ty T T T Elution time (min)
o o Ohkasm b 2 ! Furypa 3. ['TTX enyrpamu Ha xekcaaeunn-Br
HD-PtBA Furypa 2. 'H SMP cnekrpu Ha (cuH uear), wn-Br ATRP . ATRF;| ?Huufw;wpn (wipe: un)ur(), "
o WHMUMaTop (3eneH UBAT) U xeKkcaaeunn(TepT-6yTUN akpunat);; (yepseH ueart) 8 CDCl;. ul,:l:)C:‘zit:.nm::ﬂre)gxay:u%“a:;ni :SP“(CMH
, h2
CF AOH Dichloromethane, 255G, 12h CBCTae U MOMeKySHIA XapaKTepucTikia Ha HD-Br, HD-PtBA 1 HD-PAA uesT)
& Mt Mnsrc MM,
<] simple g molt g molt
HD-Br 390 510 101
HD-P1BA, 1415 1850 110
- S HD-PAA, 820 - -
HD-PBA,, 1930 3100 117
HD-PAA HO > HD-PAA,; 1100 = -
HD-PIBA,; 2600 3200 120

Burypa 1.CxemaTvyHO NPEACTABAHE HA CUHTES HA Xexcaneumsi-nonu(axpusiosa kucenmna) (HD-PAA)

HD-PAA;7

TTonyuasaHe W oxapakTepusupaHe Ha pH-4YBCTBUTENHU HMO30MM, HATOBAPEHW € KYPKYMUH

1470

CHeTaB, PUIUKOXMMMUHI XAPAKTEPUCTMKM W eQEKTUBHOCT Ha HATOBApBAHE
HEQ HUO3IOMU (KOHBEHLIMOHANTHM U MOAUMULIUPAHU), MPUrOTBEHU MO
MEeTOoAA Ha XWUAPATUPaHE Ha NUNUAeH UM

100 SpoChol (1.1)
Semmoma

Sps0.Chol (11

| —a— non-modifiea

—e— HD-PA&| 7 05 il®e

| upar,
SF:Chol Polymer N potential DL (%) i i
it (molzmol) Tl |(amytsp POIESD | GEOIENUE ek (4) curc
Conventional niosomes |
s1 SpB0:Chol 1:1 573+52 045003 -B7+04 - ol o
(blanc) 6 o 8
Time (h) Time (h)
E2 SpE0:Chol 1:1 389152 0321252 -57:04 | 27*16 | 123
| - L Twt0:Sp60:Chol (3.3 1o
s3 e 489.1+4.8 0.34£0.06 -12.3:23 | ——mmotified
eiane) T DPAN 305 mais
54 Tw60:5p60:Chol 37933 0324002 -122+21 | 80218 2,03
351353
Niosomes modified with HD-PAA,
6 SpB0:Chal 1:1 25 | 33042 025%005 -212411 | 32*16 A
s7 Tw60:5e0:Chol 25 324133 038:003 -221:14 | 83%13 212 o 0
3.5:3.53 [REER I B 6 2 i h
rypa q . Niosomes modified with HD-PAA,, Time @)
Q.u 4 .Cryo TEM CHMMK? Ha H.”omMM' 2 B.3)- 30+34 138 Burypa 5. OcsoboxaasaHe Ha kasewH B8 pocgateH Gypep
(a) Sp60:Chol (1:1): (b) Tw60:5p60:Chol (3.5:3.5:3): s8 Sp60:Chel 1:1 25 56346 0.36:0.04 -23.8:12 H7.4 37°C
(c) 5p60:Chol:HD-PAA,, (2.5 mol %); c pH 7.4 npu € PasnNUuHa KOHLIEHTPaLUA Ha
60:Ch : g | cbRonMmepuTe
(d) Tw60:5p60:Chol:HD-PAA;; (2.5 mol %). s9 Tw60:5p60 Chol 25 | 302+66 0.34:002 -211:17 | 8328 212 P
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HUT.78
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560 i ]
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Burypa 6. OceoboxaasaHe Ha kypkymuH ot HD-PAA,;
MOAMPULMPAH HUO30MU Ha ocHosaTa Ha Sp60: Tw60: Chol
(3.5:3.5:3 mol:mol)

”ﬁg&?’
Qul‘ypu 7. UuroTokcuueH eqekr Ha ceoboaeH 1 HuroanpeH B KOHBEHUMOHANHW W pH-UYBCTBUTESNHA HAO30MU KYPKYMUH Cpely naHen ot
YOBEIWKM 3MOKAYECTBEHMU KNeTbUHIA NIUHUM, Onpefesniedid Ypes aHans Ha pefykumus Ha MTT-6arpuno cnen 72 vaca.

3aknioueHue: YenewHo 6axa CUHTE3UpaHii pH-UyBCTBUTENHM CLNOMUMEDPM, BKIFOUBAWM XEKCAAEUMN XUAPOQOBeH CermMeHT M XuapogureH 6rok oT nonu(akpunosa
KMCEJ'lMHﬂ) ‘-|P63 pﬂAMKUJ'lOBﬂ ﬂD_ﬂMMEPMSﬂLW‘ﬂ c nPBHOC Ha aToM Ha TepT-sYTMJ'l ﬂKpMJ‘lﬂT nocrnensaHa oT CenexkTUBHA XMAPOHMBG 3a npeapuunﬂe Ha 6nokoseTe oT rlO_ﬂM(TEPT-
6yTun akpunart) 8 nonu(akpunoea KucenuHa). ChronUMepuTe U MONUMEPHUTE MPekypcopyM €a OXAPAKTEPUSUPAHU € MPOTOHEH SAAPEHO-MArHWTEH DPEe3OHAHC U
refloBonpoHMKealla xpomatorpagpus. HaropapeHuTe ¢ KypKyMuH pH-UyBCTBUTENHW HUO30MU Baxa yCNewHo paspaboTeHy Ypes MOAUMUKALUA Ha membparaTa ¢ HD-PAAL2 u
HD-PAA17. Beuuki chMonumepHo MOAMMULIMPAHM HMO3OMU MOKA3BAT pH-3aBUCUMO OCBOBOXAGBAHE HA HATOBAPEHOTO MEKAPCTBEHO BEWecTso, ¢ MO-BUCOKA CKOPOCT Ha
0cBo60oXAABAHE B KMCESa CPead, KOETO MOXe G Ce M3MOSI3BA KaTO BbIMOXKEH MOAXOA 3a HACOUBAHE MPU MPOTUBOTYMOpHA Tepanus.

BnaronaprHoare: Toea ed
uzn B TOBQ eq M 3a Y

P oT PoHg HayuHu Uzcnepsania (Horoeop KIM-06-H43/3 or 2020r.). AeTopiTe 13Ka38aT CBOATA 61ArOAAPHOCT KM NMpoekT MH$ pamar 3a
Tao mexay Bbarapckara akaaemia Ha HaykiuTe W [Monckata akagemma Ha Haykite (npoext IC-PL/12/2024-2025).

cBTPYA
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[eankoxonusauusi Ha YepBeHO BMHO — MaBpya
ype3 HaHoUuNTpaumMa nocpeacTBOM
nonuectepHa memopana Alfa Laval NFO9HF

‘ mm.rpgo:: ?;T't?fa " ? IHCTUTYT NO MHIKEHEPHA XUMUA —
Buirapcka akanemus Ha vaykire  BUKTOP lMpoaaHos’, l0nus lNeHosa', Mapus [leHuesa-3apkosa’, [iparomup Ez‘;m:::: a;‘?:;’:;";ﬂ"?&g“m
6yn. Uapurpaacko woce, 72, Bacwunes', UpeH LnbpaHcka®, Anocton Anoctonos?, [iparomup fiHkos? Codpus 1113, Bunrapus

Codhmn 1784, Bunrapua !
AbcTpakt
HanodunTpauuaTa e edextueed Metof Ha memBpanHo sagbpraHe/KoHUeHTpMpaHe Ha eTadon v GUOaKTMBHW BelecTBa B peandy cucTemu. Hactoswara paBota e dokycupaHa Bupxy cepus
EKCNEPUMENHTH MO HAHOUNTPALUMA HE YepBeHO cyxo BuHo Maepya c MemBpanna dunTpaumonHa cuctema MaxiMem - PS Prc hnik GmbH, ofopyasana ¢ nonuectepHa membpana Alfa

Laval NFOOHF (MWCQO 200 Da). ExcrepumeHTdTe ca NpOBEAEHW NPW NepuofiMyeH pesxuM Ha paboTa Wa anapaTa — KOHUEHTDUPEHE, B PEXWM Ha OXNawfaHe nocpeacTaoMm TepMmocTaTHa
oxnaxfawa saHa Lauda Alpha RAS, ¢ nopfbpxaHe Ha paboTHa Temnepatypa 17-19°C. PaGotHuTe napameTpu Ha MemBpaHHoTo pasfensHe ca kakTo cneasa: TpaHcmemBpanHo Hanarane 10, 20,
30, 40, 50 Gapa W TaHreHuWanHa ckopocT 1.2 n./MUH. MacneneaHo e BNMAHWETO Ha paboTHUTE NapaMeTpu (Hanarade W TEMNEpPaTYpa) BbPXY ChALPKAHWETO Ha ankoxon ¥ GUOaKTMBHW BellecTea
(nonucheHoNW, aHTOLWMaHWHKW, aHTMOKCWOAHTHA aKTMBHOCT) BbE BWHOTO. OnpefeneHW ca ONTMUMANHUTE YCMOBMA W NapameTpu Ha HaHodmnTpauws. B AonbnHeHve e NpoBefeHo W
EKCNepYMEHTanNHo 3cneasaqe Ha npoMeHnTe B obemHaTa Mopgonorua Ha nonuMepHaTta membpana, HaCTLNWAKW B pe3ynTaT Ha HaHogMNTpaumATa,
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Pesyntatute oT wacnefeaHuATa nokassat, 4e membpanata Alfa Laval NF99HF e noaxopswa 3a [eankoxonu3auws Ha BWHO, KaTo 3afbpiKaHeTo Ha etadon e okono 3 06.%, npw
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Polymer membrane nanofiltration of Bulgarian red wine.
Determination of ethanol content by liquid chromatography.

This work presents results an determination of the ethanol content in samples obtained after nanofiltration of certified Bulgarian
red wine (Mavrud). The process of nanofiltration is carried through a polymer membrane — polyether sulfone. The membrane is a commercial

product — NADIR NPO30P MWCO. The information for the amount of EtOH was obtained by instrumental method of analysis — High-Performance

Liquid Chromatography (HPLC) with Refractive Index Detector (RID). The results could improve the selectivity of the process carried through a

conventional or medified polymer membranes regarding the water-alcohol system as part of the composition of the wine.

\

brafion wnpn

Figure 5a:
. ] ] Figure 5: Laboratory membrane Cooling
Figure 4: Mavrud wine ceritficate. filtration unit. thermostat.

NADIR NPO30P MWCO 500D - nanofiltration membrane made from polyether sulfone backed
with polypropylene. Exhibits nanofiltration characteristics when exposed to high pressure.

Examination of the morphological changes in the polymer membrane - SEM pictures.

i . ! ]

\ ‘I. b ‘I.Q

k\" j/ f C »

Figure 6. Membrane before filtration

Figure 7. Membrane after filtration
Figure 2: Analytical equipment -

Agilent 1260 Infinity Il - RID+DAD.

Pressure 30 bar 40 bar

Sample Conc. EtOH vol. %
Wine 11,46 11,82 11,54
90 ml of permeate 9.4 2182 9,03
180 ml of permeate 9,6 9,62 9,14
Avg. permeate 8,99 8,97 8.8
Retentate 10,76 A3 10,97

— —

Figure 3: Relationship between LaD and LoQ.
As seen from the results obtained after the process of wine

nanofiltration, the polyethersulfone membrane can retain 2-2,5% EtOH.
Furthermore, the pressure applied on the membrane and the possible influence of
the wine components leads to changes in the morphology of the polymer membrane.

= ~

Jolnt sclence project - Valorization of valuable bioactive substances and ethanol from grape products through innavative
nano- and ultrafiltration membrane processes.

Head of project - prof. Darinka Hristova, PhD - Institute of Polymers; acad. G. Bonchev sir, BL103.

*Apostol Apostolov - Ph.D. student, chemical engineer . assistant - Instilute of Chemical Engineenng,;

*Contact info: a_apostolovi@iche bas.bg,

Institute of Chemical Engineering - Bulgana, Sofia 1113, acad. G. Bonchey str, BL103B

N\

Method agquracy:

Limit of detection (LoD): 0,1822 %/L of EtOH
Limit of quantitation (LoQ): 0,5521 %L of EtOH

The authors gratefully acknowledge the
Bulgarian Mational Science Fund for ifs
financlal support via the contract for project

KMn-06-NMH47/1 -
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[u3aitH Ha MTHOBaTUBHU NONUMEPHU MaTepuanu Kato F’
~ areHTu 3a GUOKOHTPON C NPUNOXEHUEe B eKo3emenenmeTo AONAMEPH
6/ APCHA AKAEMHA Ht HATKNTE ]

Hacko HayeB, Mapusa CnacoBa, Ons CtounoBa
Na6oparopusa BuonornyHo akTUBHU nonumepu, MHCTUTYT No nonumepu — BAH

BornecTtuTe No KyNTYpHUTE PacTeHUA ca CBeTOBeH NpobGnem, KOMTO BCAKA rofgvHa NpUYUHABA OMPOMHM LeTHM BLPXY 3emenerickara
pekonta. OCHOBHM NPUYUHUTENN Ha 3a6onsAaBaHuATa ca pasnnM4HKu (puToNaToreHn, Hanu-WMPOKO Pa3nNnpocTpaHeHnTe cpes KOMTO ca Msbm
ot popa Fusarium, Phaeomoniella, Verticillium, Botritys w Rhizoctonia. Kkm MomeHTa, 3a Gopba c BonecTuTe No pacTeHUATA, WMPOKO
ce npunarat XMMWYeCcKM NecTUUMAM, KOUTO B ALNTOCPO4EH NNaH BOAAT OO0 3aMbpcsABaHe Ha NoO4YBWTE, BogaTa v Bb3Ayxa, Bpeau Ha
HaceKkomM, NTULUM 1M 6o3alHMLK, M Ca ONACHM 33 YOBELIKOTO 3apaBe. MHOBaTMBHUTE areHTH 3a GMOKOHTPON MoOraT fia yCKOPAT npoueca
3a HamansiBaHe Ha 3aBMCMMOCTTa OT NEeCTMLUWAM U Taka [a OCUIYPAT YCTOWYMBO eKo3emedenue, 6e3onacHo 3a okonHarta cpega.

Llenta Ha u3cnegBaHeTo € Oa Ce Cb34agaT MHOBAaTMBHM MOMWMEPHM MaTepuanu C pasnuYeH AW3aiH KaTo areHTW 3a GMOKOoHTpon ¢
npunoxeHwe B €KO3eMeaenueTo Ypes npunaraHe Ha KNacuU4Yecku M Ha ,3efeHU” MeToau 3a BKIMHOYBAHE HA NMOMe3HM MUKPOOPraHU3MM,
KOWMTO CTUMYNMpAaT pacTexa Ha pacTeHMATa UMW Ce NpUrarar KaTo areHTu 3a GMOKOHTPON Ha (PMTONATOreHHW MUKPOOPraHM3MM.

nonumMneYyHa KuceriuHa XUTO3aH cnopu Ha T. asperellum
OH \11’ OH
“~n S0 HOF—_,
O e \/N\,(}Z,«;\, WACAN il
o HO™ NH, {‘011 HO™ NHCOCH,
n ¥ o COS 3-5 kDa; LMW 50-200 kDa; HMW 600 kDa

PLLA 259 000 g/mol  HeTOKCU4YHM, BUOCHLBMecTUMMK, BMopaszrpagumm nonnmepu

PLLA PLLA/COS IT. asp. PLLA /LMW /T. asp. PLLA/HMW /T. asp.
1260 192 nm " X ol ; T

widedn’ | 18 € Tsnm-my

s TIpOTUBOFEOMYHA AaKTUBHOC]

Phaeoacremonium aleophilum

PLLA PLLA/COS/T. asp. PLLA/LMWIT. asp. PLLA/HMWIT. asp.
Phaeomoniella chlamydospora

~0.75 - 12pm

3akmoveHue: YcnewHo ca nony4YeHun WHOBAaTMBHU XMOpuaHw Buomatepwanu ot PLLA, xutozaH u T. asperellum. Pa3paboTeHUAT
nonumMepeH HOCUTEN Mrpae akTMBHa PONA 3a OCUIypsiBaHe XXW3HecnocobHocTTa Ha GMONOrMYHKWA areHT No BpemMe Ha CbXpPaHeHue, a
NocTaBeH B KOHTaKT C Bnara ocuMrypsisBa HOpManHoTo My paseuTue. [poBegeHMTe MMKPOOGMONOrMYHWM M3cnefBaHWA NOKa3Bar, 4e
nony4yeHuTe XxuGpMAHM BNakHeCTM OuomaTepuanu BbL3NPEnATCTBAT pacTexa Ha duTonaTtoreHHW rLOM, KOETO rvM npaBwu
M3KM4YUTENHO obewaBawm KaHAWAaTK 3a Cb34aBaHETO Ha HOBW BMOKOHTPOSHK AareHTH 3a 3alKMTa Ha PacTeHUs.

& HaysHa uHgpacmpyxmypa UHOPAMAT,

Wypa nod;{peneﬂa ¢hurancoeo om MOH.
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With the development of macromolecular surface science, surface grafting polymers, also known as polymer brushes, have become an important
approach to modify or functionalize the surface of materials. Graft polymerization induced by UV irradiation is a commonly used polymer
membrane surface treatment method due to its high efficiency, simplicity, and distribution of grafted chains near the surface without damaging the
bulk membrane structure. In this work, nanofitration polyethersulfone membrane properties were modified by UV-assisted grafting of different
hydrophilic monomers, including N-isopropylacrylamide (NIPAAm) and dimethylacrylamide (DMAAm). when using benzophenone as photoinitiator.

Characteristic parameters
Thickness 210-250 pm
Polymer Folyethersulfone
Backing PE/ PP
Pore size | MWCO =~ 500 Do

Wateruplake Q, %
g 8 8 3

®

Nady NPI30P Top surface Bottom surface
PHIPAAmM-grafied  PNIPAAM-grafted

- || POMAAM-gratted top surface

Madir NPXE0F Top surface Bettom surlace
PI:IMMm-gmned ﬂDMMm-gaﬂaﬂ

The water uptake measurements of modified membranes confirmed that grafting of
thermoresponsive PNIPAAm and hydrophilic PDMAAm tchaind on PES membrane surface (top or
bottom) result in considerable inerease in the membrane hydrophilicity.

Contact angle measurements as well as AFM and SEM analyses are in progress in order to evaluate
the impact of chemical stricture and composition of the modified layers on the membrane properties.
Further, permeation and separation properties of modified membranes will be investigated towards
water and water-ethanol mixtures,
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NETHAJECETA HAYYHA CECHs
' ( »MJIATUTE YUYEHHU B CBETA HA ITIOJIUMEPUTE* - ' e S AR

I'IOJ'IVIMEF‘M
Codhus, Hncmumym no nonumepu — bAH, 06.06.20242.

BodopodeH eneKmpoxumuyeH KOMMPecop € NoAUMEPHA eNeKmpoaumHa membpaHa —

8b3MoXcHOCM 3a paboma npu HUCKA eénaxcHocm u dugpepeHyuanHo HanazaHe
Bopucaasa Mhadenosa’, Mass Cmanesa?, F'anun Bopucos!, Esenuna Carasvesa’
"Mremumym no enexmpoxumus u exepeulinu cucmemu ,Akad. Eseenu Bydescku” — BAH, Cogpua 1113, yn. Akad. leopeu Eonyes, 6. 10

2Wnemumym no nonumepu — BAH, Cocbus 1113, yn. Akad. Meopeu Bovyes, 6. 103, ex. A
Bweedenue:

Bodopoonuam enexmpoxumuden nomna/vomnpecop (BEI/BEK) npumexcasa peduya npedumMcmeéd € CPAsHEHUe ¢ KOMEPCUAIHO

npednazanume MEXaHUUHU KOMRPECOPU, 8 MO8A HUCIO GUCOKA EHEPZUIINA eheKmuUEHOCT, HENOOBUNCHIU MEXAHUYHU YACIU, EbIMONCHOCH!

3a paboma npu eucoxu pabomuu Hanazanua 6ez Heobxodumocm om Oont enHo mp

P (nped xomnpecus) na noo,

peazenm. OcnogHo npedu3sUKAMEICMEo nped masu HO8A MEXHOA0ZUA 34 Rpevucmeane U KoMApecupane Ha 6o0opod e

81a20CHOBP: emo 8 EPHAMA e1EKMPOIUMHA MEMOPana, KoAmo ORPedeis CKOPOCIMA HA e1eKmPOXUMUYHOmMO npeobpasyeane
u Jughepenyuannonto Harazane medicdy osama 2azo0ughyuonH enexmpoda. RT  (Peathote

E somae = o+ g7 In (Seaiede)
Honumepna erexmponumng memopana: L R T P anode

7 021

16+ e

15+ -0.20

. i
;

13 Lo.19 E § 3
Sampie data {dry): S = §
] Type: Nafion 117 E 3 @
12 Thinkness: 0. 187mm ANy § Py
Mass: 0.1107g — 5 2
el Surfsce: 2.2cm” Lo.18 ~ 8 3=
- . . . . = =
20 0 0 0 €0 T 80 9
Temperature [ aC (g
Nafion 117 e xomnosumen mamepuan, kolimo Moxce da ce wnanea xamo 3
o 1P iy 2a eepaxcoane eve BEIT/BEK.
T |F T IF w = 2 .w}j.“.--.
{E?—?H?—C o 4 %[ ol (M 0) meod (510)
FEoo L7 o g = 0.0007T +0.0574
F= C\‘ F IF f f’ Hpomomun na BEIl/BEK
F—C—O0—C—C—8—O0—H
[ N

F—<|:—:= F F o
F

Enexmpoxumuunu pesyamamiu:
1,2

o B
Anoste: PYXCT2 0.38mg.cm-2, 40%wt. 60°C £ 3
Cathodo: PUXCTS, 036mg cm 2, d0%nt. 5
Refarance efoctroao: PUXCT2 - % 5
Marsbrand: Nafion 117, 0.180mm
: 25 - 86C EQ
| PolMT: @ bar
?
i 5 §<
§ =
<
=

0.6 S N
) YEenc/V Hzeoou:
a- ——
§ et = 0.6 Ao Nafion 117 mooce da noztviya e€0da & wupok memnepamypen Ouanazon Kamo
MAKCHMETH ama my rHocm o t2a 0o oxoino 0.2.
TemnepamypHomo pasnpedenenue 6 RUTOMHOMO Yempolcmeo € pasHoOMePHO, KaKxmo
6 obnacmma Ha nONUMEpPHUME YNIbMHERUA, MbKA U 6 001acmma Ha KOMAPECUA.
Paspabomenama 000poOHa eneKmpoxXuMudHa ROMRa Moxce yenewHo da pabomu ¢
wupox memnepamypen ouanazor om 20°C oo 60°C kamo maxcumanrHomo pabomuo
HanAzane modce 0a docmuzne do 16 bar.
Eaazodaprocm: Asmop AP 3 iy IKp Ha np M BGOSM20P001- f 002-0014 ,.HKXJM‘MOBM - ] 3 PUPANE, CHXP "
nompednenue na aucma " i om O ipop »Hayra u o0p " 2014-2020 2 u evip om EC om Ei fi

ghona 3a pezuonanno pazaumue.
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B 75 s SYNTHESIS AND CHARACTERIZATION OF NOVEL AMPHIPHILIC POLYGLYCIDOL/POLY(ALLYL
: oF scances GLYCIDYL ETHER)/POLY(e-CAPROLACTONE) BASED BLOCK COPOLYMERS

INSTITUTE of
Sibela Doleva?, Erik Dimitrov!, Natalia Toncheva-Moncheva!, Ch. Novakov?!, Stanislav Rangelov® POLYMERS

I nfra m at Uinstitute of Polymers, Bulgarian Academy of Sciences, ul. "Akad. Georgi Benchev” 103, 1113 Geo Milev, Sofia, Bulgaria,
L] .

TUMOR-TARGETING STRATEGIES EMPLOYED BY PMs

% DLOCD WAAN DAPFIER QNG THERAPY T I THE Py ABSTRACT: Nanotechnology is emerging as a powerful tool and rapidly growing field with a wide range of

applications in drug delivery and manufacturing new materials at a nanoscale level. The targeted drug
delivery and gene therapy through polymeric nanoparticles (NPs) is an area of major interest in the field
of nanotechnology and pharmaceuticals. The present study is aimed at synthesis and characterization of
novel amphiphilic copolymers based on linear polyglycidol-b-poly(allyl glycidyl ether)-b-poly(e-
caprolactone)-b-poly(allyl glycidyl ether)-b-polyglycidol (PG-PAGE-PCL-PAGE-PG) which can act as vehicles
for drug encapsulation, co-delivery of lipophilic/water insoluble and hydrophilic compounds and/or as
carriers of nucleic acids.

Figure 3. GPC chromatogram of tBu-PEGGE,,-PPO,-OH,
Mn=6000 g.mol* MWD=1.1 (Rl trace, THF).

. N . . = L. - e ~ o L hegrerq
Figure 1. 5ch i of micelles (PMs) as multifunctional AT h o s
nanoparticles and their applications as nanocarriers in a wide range of scientific fields, ! "_.I" " . Y W PENGE, PO, 01
I .o .
q . S / ' asbrcsteonp _
) ¥t , .
Scheme 1. Synthesis and characterization EEGE. = i J i TR 16 1% 1% 1 S Ty 5t s 5 2a 16 it
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- A l\ h‘: . ”_::N" Figure 2 'H NMR spectrum (PEEGE,,P#0,0H) macroagent in COCI, at 400MHz.
D N e
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Scheme 2. Synthesis and characterization of mono-hydroxyl terminated poly(ethowyethyl glycidyl ether), [PEEGE,,PPO,OH) macroagent.
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Funding: The support by the Operational Program “Research, Innovation and Digitalization for Smart Transformation”, PRIDST 2021-2027, funded by EU and Bulgarian Government, (Project Centre of
Competence “Sustainable Utilization of Bio Resources and Waste of Medicinal and Aromatic Plants for Innovative Bioactive Products”) is gratefully acknowledged. The authors thank the INFRAMAT
project (part of the Bulgarian Mational Roadmap for Research Infrastructures, supported by the Bulgarian Ministry of Education and Science) for the research equipment that was used in this
investigation.
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BLOCK AND STAR COPOLYMERS

Niya Delcheva?, Erik Dimitrov?!, Natalia Toncheva-Moncheva?, Stanislav Rangelov!
Linstitute of Polymers, Bulgarian Academy of Sciences, Bulgaria Infra m at

]@ NOVEL DELIVERY SYSTEMS BASED ON POLY(&- ... xcxx 75

| BULGARIAN ACADEMY OF SCIENCES |

EMY Of

[~ In situ gelling systems Surface modifications "
Abstract: " gelling sys 77 4 s,

Recently, one of the fastest growing areas in the modern pharmaceutical science and technology
is targeted drug delivery. The practical realization of this concept is possible thanks to recent
advances in nanotechnology. In the field of nanoscale drug carriers, polymer micelles are
attracting increasing scientific interest as promising drug delivery systems. They are based on
amphiphilic copolymers and offer several advantages as vehicles for drug encapsulation, co- Thermo- and pH
delivery of lipophilic/water insoluble and hydrophilic compounds, biocompatibility, low- [~ sensitive micf"“
immunogenicity, stability (physical, chemical and osmotic), controlled release and targeting
properties. In this regard, a series of linear block and star copolymers based on poly(e- -Lﬁ"'r
caprolactone)/polyglycidol were synthesized and characterized in detail using the “click”
chemistry reactions. The aqueous solution properties of the carriers were also investigated.

Ocular drug delivery
Nasal drug delivery

- _.Cancerandummune".\
3 " cell targeting é c

*
Y]
=

Scheme 1. Schematic Representation of the synthesis of amphiphilic linear and star-like copolymers by copper-catalyzed “click”

coupling reaction and subsequent hydrolysis. )//’Central nervous system therapy Parental admlnlslranun N
Pratected Polyglycidol
M, ~7500 gamol”! | MWD =1.1, n=55, m=4 o : A Terem .
M,-2600 ganol! , MIWD ~L1, n-23, m~7 Figure 1. Polymer micelles for enhanced bioavailability and targeted drug delivery.
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Table 1. Composition and molecular characteristics of amphiphilic poly(g-caprolactone)
(PCL) and polyglycidol (PG)-based copolymers with linear and star-shaped architectures.
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Figure 2. Determination of CMC of the synthesized copolymers using the DPH absorbance at 356 nm in aqueous media at 37 °C.
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Figure 3. Zeta potential of synthesized copolymers (Error bars in the graph represent standard deviations (n = 3)). Figure 4. Size distributions from DLS of aggregates obtained from synthesized copolymers.
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3D NPUHTUPAHE HA NOTIMUMEPHU MUKPOUIIU

AnzaitH M GYHKLUMKU Ha NONMMEPHUTE MUKPOUTN
solid MN drug-coated  hollow MN dissolvable hydrogel-based

NONUMEPHN MUKPOWUINU

/] Stratum corneum =
1 (10-20 pm)
* TpaHcgepmaneH
Viable epidermis AocCTbn
(50-100 pm) * bes3acAaraHe
Ha HepBHUTe
—~ OKOH4YaHuA 3a
6onka
* TpaHcgepmanHa
AOCTaBKa Ha
Dermis TepanesTUYHM
(1-2 mm) areHTn B
TepaneBTUYHU
Nerve fibres KOHLeHTpaLum
Blood vessels

stratum corneum epidermis dermis substrate drugs

3D nevat ¢ MSLA u FDM 3D npuHTepm

3D neuat no
W36op Ha

Cou3pasaHe Ha aurutaneHd
6uocsemecTum i
U GYHKLMMU Ha AWrMTaneH Aunzaiiu ¢ 3D

nosMmepeH o
MUKpOWIrnuTe AV3aiH npuHTep FDM wn

Mmartepuwan MSLA

W36op Ha gusaiH

AwurutaneH gusaiid: CAD program AutoDesk Inventor

Haii-npoct mogen:
npas KPbros KOHYC

<

YcnoxHeH mMmogen:
Ner-creHHa nMpamuaa

YcnoxHeH mogen:

Kyx KoHyC cbe
CTpaHWYEeH OTBOP

Crepeonurtorpadgckm Excrpy3snoHeH
3D npuHTep MSLA 3D npuHTep FDM

PoTonoNMMEpPHH CMONH
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npar Ha paboTHa pasgenurenHa
cnoco6HocT - Z axis: 5um
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Mau c macus ot KOHYCOBMAHW
MUKpOUrIn

PeanHu 3D mogenu Ha nonUMepHU MUKPOUrIU

May c macus ot nupamuvaanHu
MMUKpOUIKH

* YcnoxKHeH mopgen:
KYXHU KOHYCOBMAHWU MUKPOWUI/IN CbC CTPAHUYHW OTBOPKH

[

Mau c macus oT Kyxun
KOHYCOBUOHH MUKPOUINN CbC
CTpaHU4YHW OTBOpPUH

Npepcrasa: Teonopa AumuTtposa, 6akanasbp MHMK. W CbBP ma nm, 3 Kypc.
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HanouacTtunu ot mosu(cyagodoeranH
METAKPUJIAT) KATO HOCUTEJIU 324 PYTHH
XMApaT

Capuna Konesa, ennua Huxonosa, Enena Bacunesa
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3a xopecnongenuus: savi.koleva02 @gmail.com

Bneenenue CrHTETHYHA Tponeaypa

HG'ITH H4 TOBA H3CIHENBAHE € Ja Owmar pLBPElGOTeIII/I HAaHo4yacTUUHd OT 1M Cy.l'[d)OGE!TdHH MerKpI/IJIdT/

nonn(cymdoderann MeTakpunar) (NCEM Hi), konTo fa OBIAT H3NONIBAHH KATO H.O
HOCHUTEIM 33 AKTHBHOTO BelllecTBO pyTuH xuapar (PX). Tezn HaHouacTHM Ine 1 1% K25:0s 0
OBLJAT BIOKEHH B TPAHCIEPMAJIHN TTAYOBE W W3TION3BANM 33 TPETHPAHE HA KONHN °
uHdekupm, npuarHeHu ot Staphylococcus aureus. \ il 64/ 60 °C
B pamk#Te Ha TOBa MpoyuBaHe, YCHeMNIHO OAXa CHHTe3HpaHH Iomu(cyldoderann :> :> ::>
MCTaKpM/IATHH) HAHOYACTHUM upe3 CBOOOLHA DPajMKALeBA LOAMMEpH3auud. be
OTpeaenaeHa 3aBHCHMOCTTA Ha pasMepid Ha YACTUOHTE OT TeMOepaTypata M HUHH(Lyﬂ.i,UGET‘,HH
kormenTparusaTa ma NaCl B paszTsopa, ¢ OmNe)] TUTAHAPANOTO WM NPUIOKENHe 3a l_lpel{HCTBaHe:Jpea JInopunmsaums MeTaKpHIaTIH)
TpeTHpaHe Ha KOKHHM HH(pexknun. IloayyeHHTE HAHOYACTMUM OfXd YCIELIHO CEET EHAMENMD DI HAHOUACTULU
HATOBapeld ¢ aKTHBHOTO BEIIECTBO PYTHI XHPAT. ®urypa 1. Cxema Ha cunres Ha nCBM Hi
TeMnepaI YpHa 3aBUCHMOCT Coeea 3aBHCHMOCT
500 — T T T T T 100 — T T T T
_4asof " 4 -
Emo E 1 ]
£ 350 - . 4 £
5 _, s
E aoo | o 4 . o 7l 4
5 - 20°C £
c s .
& 250 | » a T
<] L S e+ * 1
5 - €
=200 | (a) [ . >
150 - LI S0 = '
. . . . . 1 . ) ) ) ) )
20 25 30 35 40 45 50 6 7 5 3 i 5
T.[C7] c, [mol
Purypa 2. (a) TeMIepaTypHa 3aBHCHMOCT Ha XHIPOIHHAMHYHEA IHAMETEP Ha nCBM mm; ®urypa 3. (a) 3aBHCHMOCT Ha XHAPOAHOAMHMHHA JIMAMETHD Ha
(0) pasrnajiaHe Ha JUITONI-THTIONHH B3aHMOJICHCTBHS 110/ BB3JIEHCTBHE HA TEMTIeparypara u nCBEM  HII 0T KOHUCHTpauWsTa Ha coi W (0) pasuagaHc Ha
(B) CHHMKH, TIpEICTABAIIH HAMAJABAHE Ha OMATECIEHIIHATA HA Pa3TBOpA, IBKAIIO ce Ha BLTPEIIHOMOJIEKYTHHTE B3aUMOTEHCTBUA MpH N06aBAHe Ha COTU B
Pa3na[@neTo Ha JHUTON-THITOIHATE B3aUMOJISHCTBHA, ¢ YBEITHYaBaHe Ha TeMIeparypara pasrkopa.
Haropaprane ¢ PyTtuH xuapat TepMuuHH cBOMCTBA
0,5 mr/mn PyTun xuapar
nCBM mm OTtnensHe Ha i |
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Synthesis of Polymer Amphiphiles for Niosome Surface Modification TS
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inframat

weted drug delivery is rupidly becoming a focal point in contemporary pharmaceutical s i concept has been brought 1o life due to the lutest breakthroughs in nanotechnology. Niosomes. which are

nanoscale drug carriers, are garmnering significant scientific attention as potential drug delivery systems. These are made up of nonionic surfactants and cholesterol, and they present numerous benefits as vesicles for drug encapsulat

including co-delivery of lipophilic/water-insolub d drophilic compounds, biocompatibili ability (physical, chemical, and esmotic), and properties of controlled release and targeting. The niosome

membranes can be altered by incorporating suitably designed polymers. This approach opens up multiple opportunities for constructing highly efficient carriers that can also control the release of the encapsulated drugs. Tn this context, a
ety of polymer amphiphiles based on a series of non-phospholipid conjugates of polyethy i yacry sopropyl-2-oxazoline), and poly(ethylt lacrylate) were synthesized and thoroughly
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Introduction

Composite fillings are made up of silica, or glass bounded with polymer resins; polymer resins are commonly filled with glass fillers (35%-85%), and methacrylic
acid is the main monomer unit. Today, composite fillings are widely used for dental fillings because they can mimic the original color and texture of the patient’s
tooth by the addition of different fillers. Bis-GMA is the potential dental resin material that is widely used for dental applications along with TEGDMA, which acts
as a diluent, CQ, which acts as the photoinitiator, and EDMAB or DMAEMA.

Aim

To study the interactions of femtosecond laser radiation with dental composite polymer.

Polymer treated with laser light

Laser - Pharos madel Ph2-10-1000-02-HO-B Confocal microscope ZEISS LSM 9006

Materials and methods

Clearfil Majesty Esthetic opaque OA3 (Kuraray Noritake Dental Inc., Japan) a dental commercial composite polymer was used for this research. A sample with
dimensions Bx11x1 mm (width/length/thickness) light cured with standard clinical light source at wavelength 450 nm for 60 seconds was studied.

Laser - Pharos model Ph2-10-1000-02-HO-B (Light Conversion UAB, Lithuania), with an automated harmonic generator, operating at three wavelengths - 1030
nm, 515 nm and 343 nm, with maximum output powers of 10 W, 5.9 W and 2.8 W respectively was used as a laser source. In the present study we used the
fundamental wavelength at 1030 nm with pulse width of 170 fs as there are plenty of commercial lasers working at this wavelength.

The cutput powers of the laser radiation at all wavelengths is finely attenuated by internal power control, giving possibility to set the appropriate value of power
densities on the treated areas.

The effects of the treatment were observed with the help of a confocal microscope ZEISS LSM 900 with Airyscan 2, resolution - lateral (XY) down to 120 nm, axial
(Z) 350 nm. Digital images of x10 magnification were obtained as well as 3D profiles by using the z-stack feature of the microscope.

Results

The composite polymer sample was treated with the 1030 nm laser wavelength at 100 kHz repetition rate. We processed an areas of 0.5 x 0.5 mm using a scanner
intelliSCAN se 14 (SCANLAB GmbH), equipped with an F-Theta lens with focal length of 150 mm, at different setting - number of cycles drawn, number of hatches
in a cycle and step (distance between the hatches),- at different laser pulse energies: 2 pJ,4 p,6 p,8 pJ,10 pJ,15 pJ,20 yJ. The step determines the distance between
the lines that the laser executes to fill the object. By increasing the number of cycles, we increase the number of times we repeat the processing of the object at the
given settings. Interaction is first occurring at 4] or 6 pJ laser energy at the given laser settings - 2=1030 nm, 100 kHz, 10 W, 100 uJ. As can be seen from the
results of depth measurements of the processed areas, presented in the table the removed material increases proportionally with the applied energy and the
number of hatches.

Front view steps 26icycle 1hateh 1A% enesgy  Profile step Zcyele maten 1069 energy Frantview step] Dicycle ] inatch2/20% ensray Brofils sten 10/eyele 1hateh 2/20% s

) & 10 15 20
. - . . - B
Figure 1: Graph of the received experimental data from Figure 1
stepIniepeie VRtoR 120 SRTEY  stan 10deyela 1 meteh 2490 Snardy S1as 26/245IG MBHEh 2/ 20% SRETEY Sop 751 cpele 1 hatch 3 20% cnarg)
Step[m] |Cycle[N] |Hatch{N] 2%, 4% 6%)| 8% 10%) 15%) 20%
10| 1 1 0 0| 11,002| 14,168| 20,963| 28,783| 42,335
10| 1 2 0 X| 14,128 31,449| 47,435 75,07| 86,393
25 1 1 0 [ X X 7,447 9,387 14,908
25| 1 2 0 X X] X 18,939| 26,409 32,41
Figure 2: Depth of the processed Clearfil polymer; treated with laser light with

Methad of massuring the depth of the
s an)

ey e g

5/cela 1inatan 2/ 80 BTN Shep 28 cycte 1haich 24 8% en gy,

different operation parameters

Conclusion

From the obtained results it is visible that for rough treatment the higher energies are more appropriate, while for precise removal of material lower energies (6u]
- 8 pJ) should be applied. Further studies of different regimes of the scanner settings will be performed in order to better understand the optimal parameters for
processing of dental polymer, as well as other polymers with application in dental medicine. The effects of treatment of the Clearfil dental polymer with other laser
wavelengths will be done to find the most suitable for processing.
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