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Polymer composite fibrous materials with imparted biological activity
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Effect of concentration on the physico -chemical properties and drug release

profile of cationic polymer micelles
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R. Stancheva, E. Haladjova, T. Damyanova, T. Topouzova -Hristova, P. Petrov

Mixed polymeric micelles of different composition as vehicles for delivery of

antibiotics

Institute of Polymers, Bulgarian Academy of Sciences, Sofia, Bulgaria
Faculty of Biology, Sofia University 0
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Destruction of preformed bacterial biofilms by s ixed polymeric micelles

of different composition
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Poly(N,N -dimethylacrylamide )/a cyclodextrin nanogel for drug delivery
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Institute of Polymers, Bulgarian Academia of Science, Sofia, Bulgaria
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Preparation, antibacterial and photocatalytic properties of
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Poly(vinyl acetals) from aromatic aldehydes for nanocomposite aqueous

graphene dispersions and thin films
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Shell-crosslinked mixed micelles for intracellular drug release
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D. Petkova, E. Haladjova, S. Rangelov

New strateqy for preparation of Spherical Nucleic Acids with hybrid
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Colloraal dispersions of methyl acrylate grafted poly(vinyl alcohol)s:

synthesis and application for optical sensing of acetone
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Effect of grapheme oxide incorporation on the biocompatibility of natural
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B OBAHALOECETA HAYYHA CECUA ,MIIAOUTE YYEHU B CBETA HA HOHVIMEPI/ITEY
B“SEU,\% Eﬁus' 3 roHu 2021 200uHa, UMN-BAH, 2p Coghus, yn. Akademuk Neopau Bor4ee 103

L CARIAN AAOFAS FNCFS,

U3CIEABAHE MNPOLIECA HA TTIMKOJTU3A HA OTINAABYEH MNET B
MUKPOBBLJIHOB PEAKTOP

CumoHa 3axoea, MeenuHa Ljayeea, Konbo Tpoee, Buonema Mumoea
HMrcmumym no nonumepu, Bbnzapcka Akademus Ha Haykume, yn. Akademux leopau Boxyee 103-A, 1113 Cogpus, Bunzapus
e-mail: s.zahova@polymer.bas.bg

MonuecTepuTe ca eAHN OT HaW-4eCTO U3NON3BaHWTe NONUMEpPH B HaleTo cbBpemue. Mony4aBaT ce Ype3 peakUus Ha NONMKOHAEH3aLUWs MeXAay AUON UMW ANanKoxon
C AukucenuHa. Cpen TaX nonuetveneH TepedranatsT (MET) e npeAnovnTaH 3a ynotpeba, KaTo ONakoBbYEH MaTepuan 3a XpaHW M HanuTKW. HaW-BaxHuTe My
XapaKTepUCTUKU Ca BMCOKA MeXaHM4YHa YCTOWYMBOCT, TepMUYHA CTaBMUNHOCT, OTNUYHU GapuepHU CBOWCTBA, HUCKA NPOM3BOACTBEHA LieHa. He Ha nocneaHo MACTO,
NoNMMepsLT € HaNbITHO peunknupyem. Cnopea npoyysaHe Ha Greenpeace BbB BenukoGpuTaHna 245 MMNMOHA TOHA NnacTMaca ce M3non3saTt BCAKa roauHa, oT TAX
OnaKkoBKWTe Ca efiHa YeTBLPT, KaTo caMo 14% ce peuuknupar. MET 6yTunkuTe ca BTOpaTa Mo ronemMuHa KaTeropms NNacTMacoBy ONaKoBKM, a TAXHOTO NPOU3BOACTBO
pacTe HenpekbCcHaTo. ToBa ce AbMXKM Ha hakTa, Yye MET Moxe Aa 3aMeHW CTBKMOTO. [lBa ca OCHOBHMTE MeToAa 3a peuuknupaHe Ha otnagbyeH MET matepuan —
MeXaHW4HO U XMMUYECKO peuunKnupaHxe.

5 ~ mepeghmanoea kucenuHa(TK)+

amnﬁs;ven \ ) 4 Vé O Xxudponu3sa emuneH enuxon(En
:"> i? LT " 3a OuM mepegpmanam(gMT)+El
% . 6uc(xudpokcuemus)mepeghmanam|

R = C+£0- R2 2nukonusa) [ (EXETy+onuzomepy
/ \ amuHonu3sa Ouamuou Ha TK+EIr
'q pasKbceaHe Ha ecmepHa epb3ka aMoHonu3a mepegpmanamud(TA)+Elr
ner i "~ |, nusnupare“
reiiku y <:: \ 0 3 <::] MeToauTe Ha XMMUYECKO peuMKnupaHe ca no-gobpa antepHaTMBa 3a ONON30TBOPABAHETO Ha

MNET oTnagbuMTe, Tb#l KaTo NpeACTaBNABaT HAa4YMH 32 BbL3CTAHOBSIBAHE Ha OCHOBHUTE My
MOHOMepu. MuUKonMu3aTa M CBBbP3aHUTEe C Hes npoueck, AONPUHACAT 3a no-yctonuusa MNET
MeToabT ce OTHAacA A0 MEXaHMYHOTO CMMUIIaHe M MOflyYaBaHe Ha MKOHOMMKA, BLMPEeKW BMCOKMTE eHepruitH pasxoam 3a noagbpXaHe Ha TemnepaTypu v AbAru
PasnuyYHM U3aenus Npu NOBTOpHa NpepaboTka Ha MaTepuana. peakuMOHHU BpeMeHa, Heob6xoauMu 3a echeKTMBHA AenonMMepuU3aums.

NET rnukonu3sa

Fnukonusata Ge3 katanusatop e MHoro 6aseH npouec. He Moxe Aa ce nocTurHe mMbnHa Aenonumepusauma Ha MET ao BXET. [JoGMBBLT ChbALPXa 3HaYMTENHO
KONMYeCTBO ONIUroMepH, KOeTo 3aTpyaAHsABa Bb3CTaHOBABAHETO Ha XenaHus MOHOMep. U3cnenoBaTenckuTe YCUNMA Ce Haco4BaT KbM yBennyasaHe ao6usa Ha BXET
ype3s paspaboTBaHe Ha BUCOKOe(DEeKTUBHM KaTanusaTopu W ONTMMM3MPaHe Ha APYr TEXHWUKW M pPeakuMOHHM yCnoBus (TemnepaTypa, Bpeme, ChoTHoweHue MNET/ET,
ue MET /katanusatop). Uma 4eTupy MeToaa 3a rmuKkonusa Ha otnaabyeH MNET matepuan:

"El/duemunen a2nukon
nponunex (o] V 6 npucbcmeue Ha pa P pO2EeHHU pu
2nukon/dunponunex o~ Vv cepbXKpumuyHa P PP
5 2nuxon o  MUKpo8b/IHo8a }
$»7// }—( ‘Glycolysis Ho BXET  kamanumuyHa {oHHU meyHocmu
\— o MoHomep
NET nonumep
MonyuyaBaHe Ha TutaHoB(IV)docdar (TIP)
TiCla + 5(C2Hs0)3 P(O) o
-5C2HsCl ‘ /J\\
OP(0)(OC2Hs)2 J—J T

‘ Oua.1 (a) 'H SIMP Ha TiP; (6) 7P SIMP Ha TIP

[(C2Hs)2P(0)O]s Ti{ O — Ti |- O — Ti[OP(0)(OC2Hs)z]s

Intensity {a.u)

| Ix
OP(0)(OC2Hs)2

1 D 20 30 40
duz. 2 Llupokobzosa peHmaeHosa auaa pama Ha TiP

Fnukonuaa Ha NET/TIiP

Ycnosusima 3a npoee)«dane Ha eflukonu3sa 4pe3 KOHeeHYuoHalleH mMemoo u e MUKpPO8bLJ/IHO8 peakmop ca Mnoco4YeHu e madnuuu 1u2#un npu deama memooda

monHomo omHoweHuemo IMET/El e 1:2,77. 4

Tabnuua 1. KoneenyuoxanHa anukonusa

k0d | TiP T spemesa | pypr g
npo6a | (me2%)| (°C) ”‘”{‘;fl’:;’“"e (%) |
1 -~ | 190200 540 5913 l |
2 | 005 |190-200 175 63,90 , et ey
M5 110 105 100 95 90 85 80 15 TN 55 60 55 50 45 pom
3 01 | 190-200 155 66,37 P REAR A R
4 02 | 190-200 130 64,66
5 | 03 | 190-200 120 67,11 o
6 05 | 190-200 125 65.26
T. 2.1 6 MUKPOBBLIIHOE p »RotoSynth*
TiP speme 3a
Kod T MouwHocm BXET
axoaHe
npo6a (’;3" ) e (%)
MW1 | - | 217220 450 260 4428
MW2 | - | 217220 450 320 49,20 r o
MW3 | - | 217220 500 225 48,09

Ouz 4TrA Kpuea Ha npodykma Ha znukonusama
MW4 | 0,05 | 217-220 450 57,50

MWS5 | 0,1 | 217-220 450 58,95

65 Uasopu:
50
MW6 | 0,2 | 217-220 450 45 61,71
41
38

> Mony4eH e kaTtanusaTop, KOWTO edeKTMBHO pasrpaxaa MET A0 BMCOKO YMCT MOHOMEP MpU CPaBHUTENHO
MeKM YCOBMsi, KOETO ONTUMMU3NPA NPOLIECUTE HA PeLMKNupaHe.

MW7 | 0,2 | 217-220 500 53,83
MW8 | 0,2 | 217-220 600

> pu KoHBeHUMOHaNeH MeToA Ha FMMKONM3a, Han-Ao6po pasrpaxaaHe ce nony4asa npu 0,3% KaTanusatop,
56,03 3a BpeMe 120 MUH 1 06UB Ha BXET-67,11%.

MW9 | 03 | 217-220 450 42 55,09 > Mpyu rAMKkonusa B MUKPOBLIHOB peakTop, Han-Ao6po pasrpaxaaHe ce nony4asa npu 0,2% KaTanusaTop ¢
MW10 | 0,5 | 217-220 450 45 56,41 Bpeme Ha pasrpaxaaHe 45 MWH U no6uB Ha BXET-61,71%.
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| . EnexTpoXuMHYHH M CTPYKTYPHH H3CJI€IBAHHUS HA €KOJIOTHYEH
' XHOpHIeH CyNepPKOHAEH3aTOP ¢ MOJHMEPHO CBbP3BAI0 BelIeCTBO

'@ B. Kapamanosal-*, JI. Cocepos!, Xp. Hopakos?, U. Jumutpos?, A. CTosiHOBa!
| 1 Hucmumym no enexmpoxumus u enepauiinu cucmemu - Bvreapcka axademus Ha naykume, 1113 Cogpus, yn. Axao. I. Fonueg 61. 10
INSTITUTE of
L POLYM EROS 2Hucmumym no nonumepu - Bvnzapcka akademus na naykume, 1113 Cogpus, yn. Axao. I Bonyee 61. 103

BULGARIAN ACADEMY OF SCIENCES

XHOpHIHUTE CYNEPKOHIECH3aTOPH ca IEePCIEKTHBHU CHCTEMH 33 ChbXpaHEHHE Ha €HEpris. BBIPeKH 3acHICHIAT H3CIeI0BaTEICKH
HHTEpeC I MHTCH3HBHaTa paboTa B Ta3H OOJACT, OCTHIAHETO ¢IHOBPEMEHHO Ha BHCOKAa CHEPIHilHAa ILTBTHOCT M ILUTPTHOCT Ha
MOIIJHOCTTa 4pe3 H3M0I3BaHE Ha €KOJOrochoOpasHH MaTepHall € aKTyalHa 3ajada, KOSTO H3HCKBA JOIBIHUTEIHH Pa3pabOTKIL.
VYcTaHOBEHO, U€ CBBP3BAIOTO BENIECTBO JeiicTBa BHPXY CTPYKTypaTa Ha TOPHTe H OTTaM BbPXY pabOTHHTE mapaMeTpu Ha
CYTIepKOH/ICH3aTOPUTE CHCTEMIL.

TMomuneHTadIyopOCTHPEHBT U HETOBHTE CHIIONIMEPH MPEIH3BHKBAT HHTEPEC MOPaJN HATHIHETO Ha JaOwieH (IyopeH arom,
Pa3MoONOXKEH Ha P-TIO3UINS B apOMAaTHOTO SO, KOIfTO IO3BONSABA JIECHO MoauduimpaHe Ha MOTNMepHaTa Bepura. HMHTepec
TIPE/ICTaBIIsIBA H3IIOI3BAHETO 32 MBPBH BT Ha polyvinylidene fluoride—co-hexafluropropylene (PVDF-co-HFP) xato cBbp3Bamio
BEIICTBO B EEKTPOJIHATA aKTHBHA Maca Ha CYIIepKOH/ICH3aTOPHH KICTKH.

Ilenta Ge TOIy4YaBaHETO HA  BHCOKOMOIEKYIEH

CBIIONIMED H OXapaKTEpH3HPaHETO My C IIOMOINTa Ha CuHme3 Ha POI}'(PVDF'CO'HFP)
Te/IOBO-NIPOHNKBAMA Xpomatorpadus. Ompenenenn ca | E F r —— FF
CTolfHOCTH 3a cpenHH Opoifma (Mn) m MacoBa (Mw) :c=c: " tc:c: 5200 C _(';
MolekylIHH Macu or 78 kDa m 225 kDa, pecm. u H F F CF3 |': (I:F3 s

nomuaucnepcaoct (Mw/Mn) 2.86

Kato BBIIEpONIeH €NeKTpOieH MaTepHal € MOAOpaH aKTHBEH BBIVICH, THPrOBCKU MpoaykT Ha ¢upma “Kuraray Europe” GmbH,
monyueHn ot 6momaca - YP-50F. Toit € MOp(OIOrHIHO U CTPYKTYpHO OXapaKTepH3HPaH H € MOKa3aHo, Ue MPHUTEeKaBa BHCOKA
crienidIyHa MHKPOTIOpecTa MOBBPXHOCT (Sper = 1756 m?g!) m OCHOBEH XapakTep. 3a KOMIIO3UTCH €IEKTPOICH MarepHal e
m3nom3Bad of-Ni(OH),, KoliTo oKa3Ba BUCOKH H CTAOMIHN KallallUTHBHH XapaKTEPUCTHKH.

AceMOnmmpaHn ca XHOPHUAHN CYNEPKOHAEH3aTOPHH KIETKH ¢ enekrpomuT 1-ethyl-3-methylimidazolium tetrafluoroborate
(EMIMBF,) n no6aBka Ha 22 ter1.% anetoHutpul (AN). IIpoBeneHH ca €lIeKTPOXHMIYHU TECTOBE H ex-situ (U3NKOXUMUYHH

aHaIU3H.
‘b2b/1 Ha OMOKpPSIHE Ha KOMIMO3UMHUS e51eKmpod ll
o
98.9 °§ §328°
N ﬁ - - - - |
| onic -co- |
lE 15] EMIMBF + 22 wt.% AN, 5% PVDF-Co-HFP ionic liquid/ PTFE ionic liquid/ PVDF i o
o ‘:" 160 ] =0= EMIMBF,, 10 wt. % PTFE
< 10 & === EMIMBF ;#10 wt.% AN, 10 wt. % PTFE
E CpaBHCHHCTO MEXIY TpaJHIHOHHO B 140+ —=— EMIMBF +10 Wt.% AN, 10 % PVDF-Co-HFP|
5 £ 1204 EMIMBF + 22 wt.% AN, 5% PVDF-Co-HFP
> U3II0JI3BaHOTO B TE3H CHCTEMH CBHP3BAII0 g —a— EMIMBF+ 22 Wt % PC, 5% PVDF-Co-HFP
= BemiecTBo- nomurerpadayopermie (PTFE) u & 5
< <
< ; CHHTE3UpAHHUS CHIIOJIHMED MOKa3Ba, 1€ & e
— 100 MVs™ -] ]
T 0 % mv . crpykrypara Ha PVDF-co-HFP nrpae 2 -
— mvVs 9
S 15 0,05-36V — 1mvs' CBHINECTBEHA POJIA 3a I000psABaHE Ha 2 0] oy
- T T T T T T T o \M‘
5 00 05 10 15 20 25 30 35 OMOKPSEMOCTTA Ha CJIICKTPOJUTE U CBOTBETHO HA | & o — i s——
) 0 50 100 150 200 250 300 350
o Voltage, V €JIEKTPOXUMHYHUTE XapaKTEPHCTHKH Ha 2 ;
@ Current rate, nAg

- U3CIICABAHUTE CYIICPKOH/ICH3aTOPH.
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Polymer composite fibrous materials

INSTITUTE or

with imparted biological activity POLYMERS

BILGARIAN ACADEMY OF SCIENCES

Nasko Nachev', Mariya Spasova', Nevena Manolova', lliya Rashkov' and Mladen Naydenov?
Laboratory of Bioactive Polymers, Institute of Polymers, Bulgarian Academy of Sciences, bl. 103A, BG-1113 Sofia, Bulgaria,
2Department of Microbiology, Agricultural University, BG-4000 Plovdiv, Bulgaria

Grapevine trunk diseases, especially esca, are of major concern since they gradually alter vineyards worldwide and cause heavy economic
losses. Phaeomoniella chlamydospora and Phaeoacremonium aleophilum are the two main fungal causal agents of esca. Cellulose acetate (CA)
is one of the most important esters of cellulose. The advantages of CA are it's low cost, ease of solubility in solvents suitable for
electrospinning, facile production and wide variety of applications. PEG is a biocompatible and nontoxic polymer . It is highly hydrophilic, with
excellent solubility in water and in organic solvents. 8-Hydroxyquinoline and its derivatives manifest antibacterial and antifungal activities and
are of low toxicity to humans. The aim of the present study was to explore the possibilities for designing innovative polymer composites that
possess biological activity against the two fungal strains Phaeomoniella chlamydospora and Phaeoacremonium aleophilum.

Cellulose acetate (CA) Polyethylene glycol (PEG) 5-chloro-8- spores
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There is no growth of any pathogenic fungi
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Conclusion. Novel micro- and nanofibrous membranes of cellulose acetate and cellulose acetate/PEG containing 8-Hydroxyquinoline

(5-C18Q) were successfully prepared by electrospinning. The addition of PEG led to the hydrophilization of the membranes and facilitated their

wetting. It was demonstrated that the 5-CI8Q release profile can be modulated by the appropriate selection of the composition of the

electrospun membrane. The incorporation of 5-CI8Q in the membranes imparted a considerable antifungal effect against Phaeomoniella

chlamydospora and Phaeoacremonium aleophilum fungi. These features indicate that the obtained hybrid fibrous materials could find

application in agriculture for plant protection against growth of pathogenic fungi.

References: * [1] Spasova, M; N. Manolova; Rashkov, |. Composition of plant protection product. Utility model request Ne4353 in Patent office of Republic of Bulgaria, 2019.

[2] Spasova, M.; Manolova, N.; Rashkoy, |.; Naydenov, M. Electrospun 5-chloro-8-hydroxyquinoline-loaded cellulose acetate/polyethylene glycol antifungal mats against Esca.
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[3] Nachey, N.; Spasova, M.; Manolova, N.; Rashkoy, |.; Naydenov, M. Polymer membranes from biodegradable polymer and chemical fungicide prepared by electrospinning.
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7 t MNonyyaBaHe, oxapakTrepu3upaHe U NPOTUBOIMbOMYHA aKTUBHOCT Ha ] e
/ HOBM eNeKTPOOBNaKHEHN MaTepuanu ot nonu(3-xnapoKcudyTupar) A POLYMERS
T M NONMBUHUINUPONNAOH, C BKIIOYEHO NPOM3BOAHO Ha
8-xnapoKCUXMHoONUHa

M. UrHatoBa', H. HaueB', M. CnacoBa’, H. MaHonoga', U. Pawkos', M. HaitneHoB?
1Jlabopamopusi ,,BuonoauyHo akmueHu nonumepu”, Mucmumym no nonumepu, Bbnzapcka akademusi Ha Haykume, Akad. I. BoH4es,
6n1. 103A, 1113 Cogpus, Bbnzapusi ,’Kamedpa ,,Mukpo6uosioausi u ekosnio2u4Hu 6uomexHosiozuu*, AzpapeH YHueepcumem, 4000
Mnoedue, Exnzapusi

LlenTa Ha HacTosALWEeTO uscrnegBaHe e ga ce nosiy4yat HOBU BJlaKHeCTU Mmatepuanu ot I'IO.I1M(3-XM£|-
pokcubytupar) (MXB) wu nonuBuHunnuponuagoH (MBI) c¢ BR4YeHO NPOM3BOOHO Ha
8-xugpokcuxuHonuHa (8XXI) u4pe3 enekTpooBnakHABaHe. Llenu ce pa Obae oueHeHa U
I'IpOTVIBOI"bGVI‘-IHaTa AKTUBHOCT Ha nolny4YeHUTe BJlaKkHeCTU mMartepuanum cnpaAmMo ABa LwWama
ackoMuueTHU rb6u Phaeomoniella chlamydospora u Phaeoacremonium aleophilum — OCHOBHMU
NMPUYUHUTESIN Ha 3abonsiBaHeTO ecKa Mo yio30BUTe HacaxgeHus.

CxemaTtnyHo npeactaBsaHe u CEM mukporpacduu Ha BnakHecTUTe MaTepuanu
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MpoTuBOrb6MYHa aKTUBHOCT Ha BMakHeCTUTe MaTepuanu

NX6/NBM mar NXB/NBM/8XXM maT

~ : o
o
HAIMa 30Ha Ha HAMA 30Ha Ha MHXMOMpaHe 30Ha Ha MHXMDUpaHe 20 MM

=
30Ha Ha MHXMOMpaHe 45 Mm

3akntoyeHue: 3a NbpPBU MbT 6siXa ycnewHo nosly4YeHU HOBU BnakHecTu matepuanu ot MNXB v MBI u 8XXI
ype3 efHoOeTanHO eneKTPoOBriaKHsABaHe. YcTaHoBeHO Oelue, ye 8XXIl, BKNYEeHO B MaTtepuanurte OT
MNXB/MBM e B amopchHO cbeTosiHne. MUKpOGUONOrMYHUTE TecToBe MoKa3axa, Ye MoslyyeHUTe BRaKHeCTU
MaTtepuanu, cbabpxawm 8XXIM nposiBABaT NO-CUMHO U3pa3eHo (YHrMUMAHO OeNcTBMEe cnpsiMo rboute P.
chlamydospora OTKONKOTO cnpsiMmo rboute P. aleophilum. Te3n cBoOWCTBa NpaBAT NONlyYeHUTe BIaKHECTU
MaTtepuanu nepcnekTUBHM KaHOAMAATU 3a MpurnaraHe B CEJICKOTO CTOMaHCTBO 3a 3aluTa Ha 1o3oBuUTe
HacaxpaeHusl oT ABaTa OCHOBHU NPUYMHUTENU Ha 3abonsiBaHeTo ecKa.
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EFFECT OF CONCENTRATION ON THE PHYSICO-CHEMICAL PROPERTIES
AND DRUG RELEASE PROFILE OF CATIONIC POLYMER MICELLES

Maria Sabeva!, Rumena Stancheva?, Emi Haladjova?, Stergios Pispas?, Stanislav Rangelov?

1 University of Chemical Technology and Metallurgy, 8 KI. Ohridksi Blvd., 1756 Sofia, Bulgaria
2 Institute of Polymers, Bulgarian Academy of Sciences, Acad. G. Bonchev St. bl. 103-A, Sofia 1113, Bulgaria
3 Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation, 48 Vass. Constantinou Ave., 116 35 Athens, Greece

Cationic polymer micelles have been extensively studied because of their ability to transfer agents, such as Cll'LIQS and nucleic acids.

This study aims at investigating the effect of micellar concentration on the physico-chemical as well as on the drug loading properties and
release of cationic polymer micelles.

Polymer micelles

Polymer micelles were prepared at three different Initial concentrations (0.1, 0.25 and 0.5 mg/ml) from polystyrene-b-poly(quaternized 2-
vinylpyridine) (PS-PSPQVP) diblock copolymer (Mw=115 000 g/mol, ® = 1.02, PQVP content 56 wt%). The resulting micelles consisted of a
hydrophobic PS core and a positively charged hydrophilic PQVP shell.
E @ :
| v .

m‘. 1 e
® @09 [ E 1 +
E": | i 2] g PQVP
JIT-I 1 ! ! 04
ol HoA\ ] The hydrodynamic diameter (D,) and polydispersity of the micelles were
R e & ol . . .i strongly dependent on their concentration. In contrast the zeta potential of
01 025 0s

the particles was only slightly influenced by the concentration.

100 o ai 40
3

Drug loading of PS-PQVP micelles

The resulting polymer micelles were loaded with the antibiotic ciprofloxacin (CF) used

as a model drug. The loading was achieved by sonicating micellar dispersions ™ A % m.
containing CF at a polymer to drug weight ratio 10:1 for 1 h at 60 °C. The shift of 1 l s %0l
zeta potential to lower values suggested a possible interaction of PQVP with CF that is «l I %
negatively charged at neutral pH. = f 1 m'
- ]
The encapsulation efficiency Micellar concentration EE DLC [ | E 1
(EE) and drug loading content mg/ml % % ”: ’ g
(DLC)  were  determined  [g [95.9 [13.4 | ol |
spectrophotometrically by the [0.25 l97.6 1102 | e W M0 ¥ 0 w0 0l
characteristic absorbance band = (=L e 1 O o1 0.25 0.5
of CF at 270 nm'. (0.5 197.7 [10.4
Drug release from PS-PQVP micelles
W01 HTe pe . _ _ _ et B pH12
wl A - The drug release profiles were investigated in a 0.1 M HCI solution (pH=1.2) wl .f
{ ¢ and phosphate buffer (pH=7.4) according to approved by USP/EP/BP 2 | f atees - .
< “1 4 . methods. The amount of released CF was determined spectrophotometrically. g "’:
! w " A strong concentration dependent release was observed independently from wfs
5 f' .o the medium used. The micelles observed at higher concentration (0.25 and o »l , —01
i 025 0.5 mg/ml) exhibited fast release for the first 4-5 h. In a contrast, the i vt
o4 05 : : odd r
32 micelles of 0.1 mg/ml concentration showed a delayed release over the T % 3 3
Tume, b period of 24 h. Time, h

Conclusion

Cationic polymer micelles based on PS-PQVP diblock copolymer were prepared at three different concentrations. The hydrodynamic size of the resulting
particles as well as their polydispersity were dependent on the micellar concentration as the value of both parameters increased with increasing
concentration. The zeta potential of the micelles was only slightly influenced by their concentration. All dispersions exhibited zeta potential values in the
33.9 - 39.2 mV range. The micellar systems were successfully loaded with CF with EE of above 95.9 %. Both the D, and zeta potential of CF loaded
micelles shifted to lower values implying interactions of CF with the positive PQVP shell of the micelles due to the zwitterionic character of the drug
exhibiting a negative charge at neutral pH and positive in acidic medium. The CF release from the PS-PQVP micelles was investigated at physiological
conditions at dissolution media of pH 7.4 and 1.2. Strongly concentration dependent release profiles were observed. The micellar systems at higher
concentrations (0.25 and 0.5 mg/ml) exhibited fast release for the first 4-5 h. In a contrast, the micelles of 0.1 mg/ml concentration showed a delayed
release over the period of 24 h. It was noticeable also that the release was much faster at pH 1.2 that could be attributed to the protonation state of CF in
acidic medium. We can conclude that the initial concentration of the resulting cationic polymer micelles was essential for their physico-chemical, drug
loading and release properties providing control over a wide range of parameters.
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MIXED POLYMERIC MICELLES OF DIFFERENT COMPOSITION AS VEHICLES FOR DELIVERY OF ANTIBIOTICS

> R. Stancheva', E. Haladjova', T. Damyanova’, T. Topouzova-Hristova,’ P. Petrov' .
:;4 S&T&JEE g ! Institute of Polymers, Bulgarian Academy of Sciences, Acad. G. Bonchev st bl.103A, Sofia 1113, Bulgaria AT O BOLOCY
[zt o wmes] ? Faculty of Biology, Sofia University “St. Kliment Ohridski”, 8 Dragan Tsankov Blvd, 1164 Sofia, Bulgaria SOFIA UNIVERSITY
Ciprofloxacin (CF) is a wide spectrum antibiotic approved by FDA against various bacterial infections. The effective antimicrobial th h depends on the CF solubility and its

efficient delivery to the target site of infection. Polymeric micelles (PMs) have been extensively studied as drug delivery carriers. In the re(ent yeus v.ious micellar systems carrying a positive
charge have been found to exhibited strong antibacterial activity.

In this work the loading of CF htopolymerkni(elesol different composition was investigated. Cationic polymer micelles (CPMs) based on poly(2{dimethylamino)ethyl methacrylate)-b-
poly(e-caprolactone }b-poly(2{dimethylaminoJethyl methacrylate) triblock copolymer noted as POMAEMA and non ionic polymer micelles (NPMs) formed from poly(ethylene oxide)-b-
poly(propylene oxide)-b-poly(ethyl oxlde) k as Pluronic F127 were used. Since the polycations are usually associated by pronounced cytoxicity, a mixed polymer micelles based on
both copolymers were also prepared. All the systems were characterized by dynamic and electrophoretic light scattering. Their encapsulation efficiency (EE) and drug loading content (DLC)
were determined spectrophotometrically. Finally a cytotoxicity evaluation of the resulting drug delivery systems was performed.

CPMs and NPMs were formed by dropwise
addition of copoly organk lution to aq
media foll d by dialysis against water. The
mixed PMs were pfepaved by co-assembly of both
copolymers following the same procedure. Three
different molar ratios (3/, 11 and 1/3) were used.
The concentration of all micellar dispersions was 1

I E E EEREEEXE] Al..na.nouan.-"w' IEEEEXEXEELEEL] 0 %X 0P @0 0w
Deta potertu mvy 2eta potereus V. O, nm 0,

Loading of CF was performed by addition of drug powder to the micellar dispersions in The cytotoxicity of the resulting micellar systems was determined by standard crystal
order to obtain polymer to drug weight ratio in the rage of 11 to 50/1. The mixtures were violet assay. Normal diploid human skin fibroblasts (HSF) were used for this study.
fkstsonkatodlot|ha|60°cfu&ugsolubllsaﬂonmdthenflt«ed.1heemapﬂbtbn Empty polymer micelles as well as loaded with CF systems were i igated. The
efficiency (EE) and drug loading content (DLC) were d ined spectrop trically. possible deviations in cell morphology were also monitored under light microscope.
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» PMs were formed from cationic poly(2«{dimethylamino)ethyl methacrylate)-b-poly(e-
“ caprolactone)-b-poly(2{dimethylamino)ethyl methacrylate) and non ionic poly(ethylene oxide)-b-
:. o poly(propylene oxide)-poly(ethylene oxide) triblock copolymers. Mixed poly micelles based
o on both copolymers were also prepared. The micelles differ in composition as they were
composed of mixed PCL/PPO core and mixed POMAEMA/PEO shell. All systems were
o characterized by dynamic and electrophoretic light scattering. The micelles were of small size in
g the range of 16 to 38 nm depending on their composition. They were of positive {-potential
© excluding the micelles based on F127 exhibiting value close to o.
£ All micellar systems were loaded with CF as various polymer to drug weight ratio were used.
2% The EE and DLC were found to depend on this ratio as the optimum values were observed above
10-1 for all compositions. The size and {-potential of loaded micelles were also influenced by the
» various polymer to drug weight ratio. The D, increase with CF amount while (-potential value start
s to decrease. In addition a zone of instability was reached at high CF concentration. This could be
o due lo the puﬂ.i electrostatic interaction between PDMAEMA and the drug which is with
- ial at tral pH. In ¢ the {p ial of F127 based micelles was
- hdependent from the CF amount.
:-. The cy icity of the syst. was i igated as well. The empty micelles exhibited a
strong composition depended cell viability. As expected their toxicity increase with POMAEMA
- t. In ¢ the CF loaded micelles showed a well exp d cytotoxicity independently
° of their composition. The presence of micelles led to small changes in cell morphology associated
0o mainly with disruption of cell contacts. No cell destruction or morphological signs of cell death
= were observed. This behavior could be associated with the ability of the micellar systems to
i' deliver and released the loaded drug. Therefore they could be considered as promising candid:
:_ b l ™ for treatment of bacterial infections.
©
s ..
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Destruction of preformed bacterial biofilms
by mixed polymeric micelles of different

Dimitrova P.,' Paunova-Krasteva Ts.,! Stancheva R.,2 Haladjova E. 2

"The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences
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INTRODUCTION

composition BULGARIAN ACADEMY OF SCIENCES

Biofilms are communities in which bacteria are a serious risk factor for human health. The development of biofilms during infection is reported to be between
60 and 80%, because they are significantly more resistant to antibacterials than other microorganisms. The combination of multidrug resistance and their

protective character puts forward the urgent need for the development of novel anti-biofilm agents.

The AIM of our study is to evaluates the effectiveness of polymer micelles differing by composition against pre-formed biofilms by Gram (+) and

6Gram (-) bacteria.
MATERIALS AND METHODS

Preparation of mixed polymer micelles and their loading with CF. Polymer micelles from poly(2-(dimethylamino)ethyl methacrylate)-b-poly(e-caprolactone)-b-poly(2-(dimethylamino)ethyl
methacrylate) (Mn =17100 g/mol, ® = 1.20, noted as PDMAEMA) and poly(ethylene oxide)-b-poly(propylene oxide)-b-poly(ethylene oxide) (Mn=12600 g/mol, known as Pluronic F127) triblock
copolymers as well as their mixtures at different molar ratio (3-1, 1-1 and 1-3, respectively) were used for this study. The micelles were additionally loaded with Ciprofloxacin (CF) at polymer to
antibiotic weight ratio 10-1. The encapsulation efficiency was in the 91-99 % range. All systems were prepared at concentration 1 mg/ml. Their size and zeta potential were determined by dynamic
and electrophoretic light scattering.

In vitro drug release. Drug release profile from the systems was investigated in a phosphate buffer (pH=7.4) at physiological temperature. The amount of released CF was calculated
spectrophotometrically by the characteristic absorbance band of CF at 270 nm1.

Biofilm biomass - Crystal violet (CV) assay. For comparative biofilm biomass estimation, the crystal violet assay (CV) was applied. For biofilm cultivation, M63 minimal salt medium was used. The
bacterial strains used were E. coli 26922 (ATCC) and S. aureus 29213 (ATCC). An overnight bacterial TSB culture was diluted 1:100 in M63 medium, vortexed and distributed in the wells of 96-well
U-shaped polystyrene plates, 150 ml per well, 5 wells per experimental variant. To avoid drying during biofilm cultivation, the wells at the periphery of the plate were filled with sterile distilled
water. The plates were cultivated for 24 h at 37°C at static conditions. Then the non-adherent bacteria were removed, the wells were washed in 3 changes of PBS, and the wells were filled with 150
ml per well of cationic micelles, or cationic micelles loaded with CF. The agents were applied at final concentrations of 0.5 mg/ml-'. The plates were incubated for 4h at 37°C. The plankton was
removed, the wells were washed and stained for 15min with 0.1% aqueous solution of CV. Then the wells were rinsed extensively in several changes of PBS and the dye was solubilized with 70%
ethanol. The absorbance of the solubilized dye was measured at 570nm. The results are presented as % of the control (addition of M63 only in the wells).

Metabolic activity of the biofilms. To estimate the metabolic activity of the biofilm bacteria, the redox indicator Alamar blue (Invitrogen) was used. Briefly, the biofilm was cultivated and treated
with 0.5 mg ml_1 of micelles, AQNO3, or M_AgNPs for 4 h as above, with the same controls, 6 wells per variant. As a blank probe, wells containing M63 medium but no biofilm were included. Then, 5
ml of Alamar blue were added per well, and the plates were shaken for 5 min. Following incubation for 4 h at 37°C, the amount of reduced dye was measured at 620 nm, and also the amount of
oxidized dye at 570 nm, using a plate reader. The percentage reduction of the dye due to the metabolic activity of the biofilm cells was calculated according to the formula:

(e0x) A2xAA1-(e0x)A1xAA2

x100
(ered)A1xA'A2-( ered)A2xA'Al
where the values of eox and ered were the molar extinction coefficients for the respective wavelengths (Al = 570nm and A2 =620 nm), which were provided in the instructions of the producer; ‘A’
stands for the absorbances at the respective wavelengths, and 'A’ to the absorbances at the two wavelengths of the blank probe (M63 with no biofilm). The results were plotted as the percentage
reduction of the Alamar blue dye.

RESULTS
CHARACTERIZATION OF POLYMER MICELLES AND IN VITRO DRUG RELEASE
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THE POLYMER MICELLES REDUCE REDUCTION OF BIOMASS IS Conclusion:
SIFGNIFICANTLY THE BIOMASS ACCOMPANIED WITH REDUCTION
OF PRE-FORMED BIOFILMS OF METABOLIC ACTIVITY

Polymer micelles based on cationic poly(2-
(dimethylamino)ethyl methacrylate)-b-poly(e-
caprolactone)-b-poly(2-(dimethylamino)ethyl
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" 12 oxide)-b-poly(propylene oxide)-b-poly(ethylene
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antibacterial agents.
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