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I Uhcmumym no noaumepu, bsazapcka akademusi Ha HaQyKume

2 @apmayesmuyeH pakysamem, MeduyuHcku yHugepcumem - Cogpusi

3 HHcmumym no 6uogu3suka u 6uomeduyuHcKo uHxiceHepcmaso, boazapcka akademus Ha
Haykume

4 Kamedpa buoxumus, Buosnozuyecku gpakysmem, Cogulticku yHugepcumem ,,Ca.
Kaumenm Oxpudcku”

Jokaag Ne2

HBasmHa Tpenaaduioral, Maprapura Ilonosal, lenunia MomekoBa?, 'eopru
MomekoB?Z, Hesin KoceBa3, ArHec Cereau?

HOBH JIEKAPCTBO-A0OCTABALIIUA CUCTEMH HA OCHOBATA HA KOMIIO3UTHH
HOCHUTEJIX OT TUIIA ME3OIIOPECT CH/IMKAT-IIOJINMMEP

IHHCmumym no op2aHu4¥Ha Xumusi ¢ yeHmasp no ggumoxumus, beszapcka akademusi Ha
Haykume

2 @apmayesmuueH gpakysasmem, MeduyuHcku yHugepcumem - Cogpusi

SHHcmumym no noaumepu, bsazapcka akademus Ha HayKume

4H3caedosamesicKu YyeHmMsp 3a npupodHu HAyKu, MHcmumym 3a Mamepuaaume u XuMusi
Ha oKo/iHama cpeda, YHeapcka akademusi Ha HayKume
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Joxaaza Nel

MNOJIMIJIMOUAO0J CbABPXKAIIU $OCPOJIUITNIHN HAHOANUCKOBE -
IIVIAT®OPMA 3A U3CJIEABAHE U JOCTABAHE HA UHTETPAJIHU MEMBPAHHHU
ITPOTEMHH

IlaBes Bakbpaxuen!, leauna MomekoBa?2, CranucsaB Panresios!, ToHs
AHpapeeBa3, Hopaan lymaHoB*

1BPwazapcka akademusi Ha HaQykume, HHcmumym no noaumepu, y1. ,Akad. l'eopeu bonyes”
1034, Cogpus.

MY - Cogpus, ®apmayesmuyeH pakysamem, Kamedpa TexHos02us1 Ha 1ekapcmeeHume
cpedcmea c 6uogpapmayus, ya. Jynas” 2, Cogus.

3bwsseapcka akademusl Ha Haykume, MHcmumym no 6uogusuka u 6uomeduyuHcko
UHdceHepcmeo, yA. ,Akad. l'eopau bonueg” 21.

4Cogpulticku yHusepcumem ,,Ce. Knumenm Oxpudcku”, Buosnozuuyecku ghakysaimem, Kamedpa
Buoxumus, 6ya. ,/[lpazan LJankos” 8, Cogpus.

®ochoMnuaHUTE HAHOJAUCKOBE, MOJAOOHO Ha KJIEeTbYHUTE MeMOpaHH, ca
arperaTu, U3rpaJieHd OCHOBHO OT GpoCcHOJUNUAHU MOJIEKY/IH, OPraHU3UPAHU B MJIOCHK
oucsoi. [logobHa cTpykTypa npefocTaBs ONTUMaJiHa Cpela 3a PeKOHCTUTYHpaHe U
u3cje/BaHe Ha TpaHCMeMOpaHHU npoTeMHU. C Lies1 Aa ce NOCTUTHE CTPYKTypHaA U
KOJIOWZHA CTaGUIHOCT HAHOJAUCKOBeTe O6HUBAT MOAUUIUPAHU C XUAPOPHUIHHU
nosuMepu noj popmarta Ha aMPUPUIHU OJUMEP-JTUNUJHU KOHIOTATH, JIOKAJIU3UPaHU
npeArMHO o nepudepHusa pb6 Ha Arcka. HacToseTo usciensane ce pokycupa BbpXy
MeTo/ia 3a MoJiyyaBaHe U QU3UKOXUMUYHUTE NIapaMeTpy Ha CTEPUYHO CTaOUIM3UPaHU
C noavurauuugoa ¢GochoJUNUIHM HAHOAMCKOBE, M3CJe[BaHU 4Ype3 MeTOJUTE Ha
pa3ceiiBaHe Ha cBeT/aMHaTa, in vitro FRET 6a3upaHu ekcrnepuMeHTH, Lesslu
omnpefeJisiHe Ha NOTEeHIMasa 3a CJIMBaHe C MOJleJTHU MeMOpaHH, KaKTOo U u3cJe/jBaHe Ha
npolieca Ha CBbp3BaHe C MNpoTeuHU. [losiydeHHMTe HaHOpa3MepPHU arperatu 6sxa
BU3yaJIM3UPaHU Ype3 aTOMHO-CUJI0BA MUKPOCKOMNHMS, a 6MOJIOTUYHATa UM IOHOCUMOCT
6e u3cjeZBaHa upe3 TecT 3a HUTOToKcu4YHOCT cpeuty MDCK Il kneTbuyHa IMHUS.

baazodapHocmu: U3caedsanusima ca puHaHcupaHu no npoekm J®HII-13/20.04.2016
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Jloxaa Ne2

HOBH JIEKAPCTBO-AOCTABAIIX CUCTEMH HA OCHOBATA HA KOMIIO3UTHH
HOCHUTEJIA OT THUIIA ME3OIIOPECT CUJIMKAT-IIOJIMMEP

HBaauHa TpeHgaduiaosal, Maprapura [lonosal, lenunia Momekosa?, 'eopru
MomekoBZ, Hesin KoceBa3, ArHec Cereau?

THHCcmumym no op2aHu4¥Ha Xumusi ¢ yeHmasp no gpumoxumus, bseszapcka akademust Ha
Haykume, Cogpusi, e-mail: ivtrendafilova@gmail.com

2 papmayesemuuen gpakyamem, Meduyurcku yHusepcumem, Cogpusi

SUHcmumym no noaumepu, bsazapcka akademust Ha Haykume, Cogpusi

4 U3cnedosamecku yeHmsp 3a npupoOdHU HAyku, HTHcmumym 3a mamepua/aume U XuMmusi
Ha oko/sHama cpeda, YHeapcka akademust Ha Haykume, Bydanewa

PaspaboTBaHeTO Ha HOBM [JOCTaBsAUld CUCTEMH € €JHO OT Hah-0bp30
pa3BUBALATE Ce HANpaBJeHHWe B HaHOMeAuLMHaTa. OcO6EHO NepCNeKTUBHU KaTo
HOCUTEJM T1pe3 I[OCAeJHUTe TOJWHM Ce OKa3zaxa Me30l0pecTUTe CHUJHUKATH.
VHTeH3MBHUTE U3CJIe[JBAHUA HA Te3U MaTepHhasly ce J'bJDKAT Ha TeXHUTEe YHUKAJIHUTE
CBOMCTBA - BUCOKa cnenduryHa noBbpxHocT (700-1500 m2/g), rossasm nopoB o6em (0.7-
1.2 cm3/g), KOHTpoJIMpyeM pa3Mep Ha NOPUTE U YACTULUTE Y MOBBbPXHOCT, NOJJIexKalia
Ha MoauduurpaHe. KoMOMHUPAHOTO MM M3NO0JI3BaHE C HaHOpa3MepeH MarHeTUT
NpesoCcTaBs HOBY Bb3MOXXHOCTH B 006J1aCTTa Ha OHKOJIOTMUYHATa Tepanus 3a JJOCTaBsHe
Ha JilekapcTBeHHU BellecTBa (JIB) 1o M36paH opraH WM T'bKaH B TAJOTO NPU NpUJIaraHe
Ha BBHIIHO MarHUTHO MoJie. JIoMbJIHUTEeTHOTO 0OBHMBAHe Ha JIeKapCTBEHUTE CUCTEMH C
NOAXOAAILM MOJUMEpU Moxe Ja [oJ400pHM TAXHATa OUOCBBMECTUMOCT W
YYBCTBUTEJHOCT KbM pas3/iM4HU GaKTOpu - cBeT/IMHA, pH Ha cpesaTa, Temnepartypa. B
HACTOSALLETO MU3CJIe/IBaHe Ce HACOYMXMe KbM pa3paboTBaHe Ha JOCTaBALIM CUCTEMH Ha
/iBe  JleKapcTBa - NpPeJHM30JOH W  MUTOKCAaHTpPoH. [IpefjHU30/I0HBT e
IPOTUBOBB3NAJUTEHO JIB IMpPOKO NpUIaraHo Npy CbCTOSAHUA CBbP3aHU C apTPUTHHU
U PaKoBM 3a00/iiBaHUA. MHUTOKCAaHTPOHBT € LUTOCTATHUK, IIMPOKO H3MOJI3BAH NPHU
JIedeHUEeTO Ha Pa3/IMYHM OHKOJIOTUYHH 3a60/11BaHUA.

B nHacrodmara pabora 6gaxa pa3pabOTeHHM HOB THIl HAHOKOMIIO3UTHU OT THIIA
MarHeTUT/Me30N0pPeCT CUJMKAT/moJMMep Ha 06a3aTa, Ha KOUTO ca pa3paboTeHU
JIOCTaBALIM CUCTEMH 33 MUTOKCAaHTPOH M NpeAHU30JI0H. HaHOKOMIIO3UTHTE OT TUIA
MarHeTUT/Me30N0PEeCT CUJIUKAT CbC chepuyHa MOPQOJIOTHUsl HA YACTULIUTE U pasMep
okoJsio 100 HM 651Xa CUHTe3UpaHU U ycnewHo Mogudunupany cbc —-SO3H rpynu upes
CllefICHHTe3Ha  JBYCTBIIKOBa  npoueaypa. Usxoanute U MoAUPULMPAHU
MarHeTUT/Me30N0pPeCT CUJMKAT KOMIO3UTU Osxa edpeKTUBHO HaToBapeHu c JIB mo
MeToZla Ha OMOKpAHe. [losydeHHTe HOCHATEJM U JIeKapCTBEHHM CUCTEMH 0Osxa
XapaKTepHU3upaHU C IpaxoBa peHTreHoBa Audpakuusa, Nz dusrcopbuus, TepMUYeH
a"Hanus3, ATR-FTIR, TEM wu MbocbayepoBa cHnekTpockonus. Pesyarature oT
HalpaBeHUTe aHaJIM3M II0Ka3axa Jo0pe H3rpajieHa CTPYKTypa Ha Me30I0pecTUs
CUJIMKAT B KOMIO3UTHUTHUTE MaTepuaJu U epeKTUBHO HaHacsAHe Ha JIB B mopuTe um.
CucteMHuTe 3a A,0CTaBKa HA MUTOKCAaHTPOH 0fxa JOM'bJHUTEJNHO OOBUTHU C MOJIUMEpeH
CJIOW OT XUTO3aH C LjeJ IOCTUraHe Ha 3a6aBeHO 0CBOOOXAaBaHe. [IUTOTOKCHMYHOCTTA Ha
cBo6oHHTe JIB U Ha MoJydYeHUTE JOCTaBAILU CUCTEMU e olieHaHa upe3 MTT TectoBe
BbPXY Pa3/IMYHU KJIETbYHH JIMHUU HA YOBELIKH TYMOPHH KJIETKHU.

Asmopume u3kazeam 6saazo0apHocm Ha npoekm [JIH 09/18 no Ilpoepama
¢uHancupara om PoHd ,HayuHu uzciedsarus”.
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THERMALLY RESPONSIVE, POLYPEPTIDE-BASED COPOLYMERS
AS NON-VIRAL VECTORS FOR TRANSPORT OF DNA

E. Veleva-Kostadinova ', N. Toncheva-Moncheva 7, |. Dimitrov ', D. Momekova 2, Ch. Novakov 1, S. Rangelov !

Institute of Polymers — BAS, Acad. G. Bonchev Street. Block 103-A, 1113 Sofia, Bulgaria
2Department of Pharmaceutical Technology and Biopharmaceutics, Faculty of Pharmacy, Medical University-Sofia, Bulgaria

Gene therapy is a powerful approach to treat a wide range of both inherited and acquired diseases, for which the development of a suitable gene delivery system (carrier/vector)
is of paramount importance. Cationic polymers are able to condense nucleic acids into nanosized complexes (polyplexes) through electrostatic interactions. Despite the lower
transfection efficiency, gene delivery systems based on these polymers show a number of advantages compared to the viral vectors such as easy production, adjustment of size
and size distribution, low immunogenicity, biocompatibility, possibilities of composition control. In the present contribution we report on the synthesis of a series of hybrid
copolymers comprising of a thermo-responsive poly(N-isopropylacrylamide) (PNIPAm) block with short poly(ethylene glycol) (PEG) side chains and a cationic block of poly(L-
lysine) (PLLys) and their complexation behavior with DNA. PNIPAm is probably the most widely used thermosensitive polymer in drug delivery and for other biomedical
applications. PEG chains can significantly suppress the adsorption of plasma proteins on the particle surface and impart Stealth properties of nanoparticulate carriers, whereas
PLLys, being positively charged, is capable to interact electrostatically with DNA. Detailed characterization of the copolymers and further evaluation of their capability to
condense DNA into a well-defined and stable polyplexes are performed.

Synthesis of a series of copolymers based on poly(N- Dynamic and electrophoretic light scattering measurements:
isopropylacrylamide)-g-poly(ethylene glycol)-b-poly(-L-lysine):

) 5 4 Variations of  potential of a
5o, : series of deprotected
5 b (PNIPAmM-g-PEG)-b-PLLys
? i copolymers with different
polymerization degree of lysine

AEEEEEXEE) and temperature
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Characterization of thermally sensitive PNIPAm-g-PEG y Polyplex investigation:
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SEC chromatogram.
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mesqrements of aqueous Variations of hydrodynamic diameters (D,) of polyplex particles of (PNIPAm-g-PEG)-b-PLLys copolymers:
solutions of the (PNIPAM)- NPL-8-0 (a), NPL-15-0 (b), NPL-34-0 (c) and NPL-65-0 (d) with the amine-to-phosphate groups (N/P) ratio.

g-(PEG)at10g.L". The polyplexes were prepared at 65 °C (red bars), then cooled the physiologically relevant 37°C (grey
bars) and room temperature 25°C (blue bars).
Characterization of poly(N-isopropylacrylamide)-g-
H - Variations of ¢ potentials of polyplex
poly(ethylene g|yc°I)-b-pOIy(-L-lySIne)' particles of deprotected (PNIPAm-g-
PEG)-b-PLLys copolymers:

rop ' NPL-8-0 (a), NPL-15-0 (b), NPL-34-0 {(c)
) a nL and NPL-65-0 (d) with the amine-to-
E=ﬁ { _' phosphate groups (N/P) ratio.

it el il B ; ! The polyplexes were prepared at 65°C
Tl il el Nl — : | (red bars), then cooled the
. 1, " physiologically relevant 37°C (gray
SEC chromatogram of | bars) and room temperature 25°C (blue
The "HNMR spectrum of the protected (PNIPAm-g- deprotected (PNIPAm-g-PEG)-b-PLLys i bars).
PEG)-b-PZLLys(left) and deprotected (PNIPAmM-g- Copolymers. 4
PEG)-b-PLLys (right) copolymers.

Composition

TGA curve of the macroinitiator (PNIPAM)-g-
(PEG) and deprotected (PNIPAM)-g-(PEG)-b-

NPL-8-0 at N/P=5 NPL-15-0 at N/P=5
PLLys copolymers.

Cytotoxicity assay:

NPL-8-0 and NPL-15-0 copolymers are not cytotoxic. All polyplexes formed are not cytotoxic.

concentration (uM)

Cytotoxicity of tested (PNIPAm-g-PEG)-b-PLLys copolymers against EJ (a); DOHH (b) and HEK-293 Cytotoxicity of tested polyplex particles at N/P=3 against EJ (a); DOHH (b) and HEK-293 (c), as
(¢), as determined by the MTT-dye reduction assay after 72 hours of continuous exposure. determined by the MTT-dye reduction assay after 72 hours of continuous exposure.

FUNDING: Bulgarian NSF project T02/7.

The synthesis of novel hybrid copolymers comprising of a thermo-responsive poly(N-isopropylacrylamide) (PNIPAm) block with short poly(ethylene glycol) (PEG) side chains and a
cationic block of poly(L-lysine) (PLLys) with increasing DP from 12 to 67 is described. The copolymers were synthesised in a two-step procedure. At the first step, a thermally
sensitive PNIPAmM-g-PEG macroinitiator with a terminal ammonium hydrochloride group was prepared. The macroinitiator was characterised by 'H NMR and UV spectroscopy.
PLLys blocks of different degrees of polymerisation were obtained at the second step involving controlled ring-opening polymerisation of Z-L-lysine N-carboxyanhydride initiated by
the macroinitiator. PLLys is positively charged and i#-is—capable to form complexes with various oppositely charged biomacromolecules such as DNA. The physicochemical
characterization and cytotoxicity evaluation of the hybrid copolymers and their polyplexes with DNA indicated that they might be promising candidates for gene delivery applications
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SYNTHESIS AND MICELLIZATION OF MULTIFUNCTIONAL

wstiuies - TRIBLOCK COPOLYMER FOR TARGETED DRUG DELIVERY BULGARIAN

POLYMERS

Dimitrina Babikova, Radostina Kalinova, Ivaylo Dimitrov OE SCIEIICES

Institute of Polymers, Bulgarian Academy of Sciences, Sofia 1113, Bulgaria

Amphiphilic block copolymers have been in use as pharmaceutical excipients for the solubilization of poorly soluble drugs and core/shell
association colloids for nanoscale delivery systems. Advances in polymerization chemistries and the application of efficient and orthogonal
chemical modification reactions have enabled the engineering of multifunctional polymeric nanoparticles with precise control over the
shapes, sizes, internal morphologies, external surface charges and functionalizations. Many drugs have been designed to act on intracellular
targets and to affect intracellular processes inside target cells. This subcellular drug targeting approach has been proposed for enhancement
of accumulation of these drugs in target organelles and improved efficiency.

Herein, we present a novel polymeric drug delivery system intended for both cellular and subcellular targeting. The synthetic strategy
involves a multistep procedure leading to the formation of amphiphilic triblock copolymer poly(ethylene oxide)-b-poly(D,L-lactide)-b-poly(N,N-
dimethylaminoethyl methacrylate), PEO-b-PLA-b-PDMAEMA bearing all the necessary functions (“stealth”, targeting and degradable) in the
same macromolecule. Initially, amphiphilic diblock copolymer PLA-b-PDMAEMA with terminal amine group and pending
triphenylphosphonium (TPP*) subcellular targeting ligands was synthesized applying controlled polymerization and modification techniques.
In the second step, a heterobifunctional PEO-block, decorated with lactobionic (LBA) cellular targeting ligand and aldehyde end group was
attached to the diblock copolymer through the formation of pH-sensitive aromatic imine bond to yield the multifunctional triblock copolymer.

|I Synthesis of multifunctional PEO-b-PLA-b-PDMAEMA triblock copolymer (LBA-PEO-PLA-PDMAEMA-TPP*)
» Controlled synthesis of amphiphilic PLA-b-PDMAEMA dibiock copolymer with TPP* ligands and terminal primary amine group (H,N-PLA-PDMAEMA-TPP*)
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Novel, multifunctional amphiphilic triblock copolymer was designed and successfully obtained applying a multistep synthetic pocedure.
The system was decorated through modification reactions with lactobionic cellular and triphenylphosphonium subcellular targeting
ligands. The amphiphilic triblock copolymer self-associated in aqueous media into multifunctional, nanosized core-shell micelles that
consist of biodegradable hydrophobic block of poly(D,L-lactide), polycationic poly(N,N-dimethylaminoethyl methacrylate) block with
weakly basic amino groups having sufficient buffering capacity and detachable poly(ethylene oxide) block. The DLS measurements
showed formation of nanoparticles with relatively narrow size-distribution. The spherical shape and size of the nanoparticles were
visualized by TEM analysis.

The financial support from the Bulgarian National Science Fund through project T02-21/2014 is gratefully acknowledged.
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INTRODUCTION

The recent progress in nanotechnology opens new opportunities for creation of specific systems demanded for nanomedicine purposes. An advanced area of nanomedicine
is the theranostics that combines therapeutic and diagnostic agents in a single formulation. The field of theranostics responds perfectly to the needs of personalized medicine that
has the capacity to detect the onset of disease at its earliest stages, pre-empt the progression of disease, and, at the same time, increase the efficiency of the treatment. The gene
therapy is directly related to the personalized medicine and the combination with diagnostics opens new advantages for treatment of genetic disorders. Imaging and therapy,
however, require sufficient amount of agents in diseased areas. Therefore, it is very important to control and actually know the precise structure and composition of the
multifunctional theranostic nanoparticles.

In the present contribution we combine the properties of a polymer vector with those of gold nanoparticles in new hybrid gene delivery vector systems, The hybrid
polyplexes were based on poly(vinyl benzyl trimethylammonium chloride), PVBTMAC, homo- and block copolymers with poly(oligoethylene glycol methacrylate), POEGMA.
Using the approach of classic dynamic and static light scattering, we studied these teranostic DNA carriers and determined parameters such as molar mass, intimate composition,
particle geometry and density, trying to establish what the polyplexes really carry.

DYNAMIC AND STATIC LIGHT SCATTERING

INTIMATE COMP:

ITION OF THE POLYPLEXE.

Diffusion coefficients
= ’ - Sample D, x10 R, M, x10° A, x105 R, R /R, p
100 1
L ‘ﬁ‘ s (m2s") (nm) (g.mol") (mL.mol.g?) (nm) (g.ml)
H B { i e* = - = - Homo 0.5 2.69 90.2 169.0 -0.82 97.6 108 0.091
2 & I -
£ s f ] o o » o o HOWDAW Homo o.5/AuNP 3.02 812 96.1 -0.26 80.6 0.99 0,071
g 5 8 1 BCo.5 2.53 97.0 6.0 018 99.2 1.02 0.050
of ~ S BC 0.5/AuNP 2.69 912 115.0 -1.10 97.0 1.06 0.060
b <o) s R s Homo 4 7.04 34.9 474 35 30.0 0.86 0.044
Relaxation rate as a function of sin*(6/2) Berry plot Homo 4/AuliR 7:03 346 439 63 267 it S04
BC 4 6.11 402 5.04 -2.89 381 0.95 0.031
000 = 1,8010* BC 4/AuNP 619 39.6 5.50 -2.49 373 0.94 0.035
- s
- ; - 'j;_ i Homo 8 8.73 281 310 -2.0 217 0.77 0.055
% - H ek b Homo 8/AuNP 7.63 32.1 2.90 -1.20 317 0.99 0.035
% 200 . - ]
- E & Emm" . p . BC8 418 58.7 9.20 -1.31 55.4 0.94 0.018
- BC 8/AuNP 512 47.9 4.30 -1.83 401 0.84 0.016
00 02 04 08 08 10 ° 2 € 8
ez sin'(572) + 58847C

VALIDATION OF MORPHOLOGY, STRUCTURE, AND MOLAR MASSES

Transmission Electron Microscopy

Sample DNA molecules (co)polymer Polyplex particles per
per polyplex molecules per AuNP
particle polyplex particle
Homo o.5 154 1046 n.a.
T AuNe 8 e " Analytical Ultracentrifugation Results
BCo.s 82 1434 n.a. Sample S* (s) D* (cm2.s) M,, x 106 (g.mol")
BC o0.5/AuNP 81 1415 25 Homo 0.5 62X 10 3.20X 109 167.7
Homo 4 1.6 87 n.a. Homo o0.5/AuNP 7.06 X 107* 6.72 X107 94.9
Homo 4/AuNP 1.4 8o 375 BCos 4.41X 107 3.50 X109 110.9
BC4 0.9 128 n.a. BC 0.5/AuNP 4.52X 107 3.50X 109 16.5
BC 4/AuNP 1 137 257 Homo 4 5.86 X107 132X10° 3.99
Homo 8 0.6 66 n.a. Homo 4/AuNP 7.07 X 107 8.84 x10% 7.2
Homa 8/AuNP 0.6 o1 492 BC 4 3.07X107 4.83x10% 5.75
BCS8 0.9 252 n.a. BC 4/AuNP 6.27X10™ 9.44 X 1078 5.99
BC 8/AuNP 0.4 ny 306 Homo 8 7.96 x 101 2.02X107 3.56
Homo 8/AuNP 3.39Xx107 1.35 X108 2.26
BC8 7.60 x103 L10x10% 6.19
CONCLUSIONS BC 8/AuNP L07 X 10-" 195x10% 4.97

In the present work we investigated binary (DNA:(co)polymer) and ternary (DNA:(co)polymer:AuNPs) polyplexes based on PVBTMAC homopolymer and PYBTMAC-
POEGMA diblock copolymer attempting to combine multiple functions within one vehicle: in particular, condensing, protecting, and transport of genetic material, on one hand,
and diagnostic and sensing modalities, on the other. The precise structure and intimate composition of the theranostic formulations were determined by classic dynamic and static
light scattering. The results obtained were corroborated by transmission electron microscopy and analytical ultracentrifugation. The results revealed strong binding behavior of
both PVBTMAC and PYBTMAC-POEGMA so that at higher N/P ratios (N/P = 4 and 8) every single molecule of DNA is complexed and, accordingly, relatively small in size (R, in
the 28 - 59 nm range) and molar mass (2.90x10° - 9.20x10% g.mol") polyplex particles were formed. At the lower (0.5) N/P ratio the polyplex particles carried tens of DNA molecules
and hundreds of (co)polymer molecules. The N/P ratio did not influence the structure (R,/Ry, slightly below unity, compatible with hairy surface on a compact sphere) of the
theranostic carriers. They were characterized as porous and less dense than the familiar copolymer micelles objects with density that decreased with increasing N/P ratio and upon
substitution of PVBTMAC with the copolymer. The introduction of AuNPs influenced neither the density, nor the structure of the carriers, which could be correlated with polymer
chain flexibility providing conformational and structural adaptiveness to the polyplexes regardless of the complexing components and mainly to the low number fraction of
polyplex particles carrying AuNPs. We demonstrated that the classic dynamic and static light scattering measurements constituted a powerful approach for detailed
characterization of theranostic carriers and determination of their intimate composition.

Acknowledgement: This work was funded by Project DFNP 12 in the frame of the support program for Young Scientists from Bulgarian Academy of Sciences.
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Statistical copolymers poly(2-methyl-2-oxazoline-co-cthylene imine) (PMeOx-co-PEI) of two different degree of polymerization and various composition have been
prepared in two-step synthesis. In the first step. poly(2-methyl-2oxazolines) (PMeOx) were prepared through living cationic ring-opening polymerization (LCROP) of 2-
methyl-2-oxazoline in 4M acetonitrile at 80 °C using methyl 4-nitrobenzenesulfonate as an initiator. Subsequently, targeted copolymers were prepared by partial
hydrolysis of PMeOx in 18.5 vol% aqueous HCI at 100°C using different times of hydrolysis.
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Abstract:
Gene therapy aims at the treatment of many genetic diseases as it is a technique for correcting L

defective genes that are responsible for these genetic diseases. Specifically, the delivery of the
appropriate, therapeutic gene (DNA) into the cells that will replace, repair or regulate the defective
gene that causes the disease is a vital step for gene therapy. DNA, however, is a large negatively
charged, hydrophilic molecule. Its delivery to nucleus requires neutralizing, condensing and

Dh (nm)

e ——

protecting. e e — P e
How gene therapy works? T B @ e wm W

Degree of hydralysis (%)

Figure 1. Size (hydrodynamic diameter) and size di
P e s copolymers with PEI contents from 0 to 84 % obtained b,
e A i,
a @ [ P
4 0 % Q9 e 6 EE
s ™ 1000
- A !
complex oot o v ]y
Tl o\
transfected cell .,,...,..._"......,.... £ \
5 . —
Figure 1: DNA-Polymer complex transportation into the nucleus of the cells 0

Motivation :
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s. They represent colloidal particles composed of a shell or
ious substances that can be encapsulated therein. In the recent
Due to their multi-compartment structure the resulting multi-
medicine and pharmacy as bioreactors or as drug delivery
be encapsulated and released in a controlled manner. These
apy, protecting enzymes, etc.

ulti-compartment polymeric nanocapsules. First, negatively
n of n-butyl cyanoacrylate, n-BCA. They were used for layer
INA. Finally, a cross-linked polymeric outer shell based on N-
luring their preparation by dynamic and electrophoretic light

Constru

PBCA nanocapsules v R, PDI ©,
BCA. The polymerization was cari ‘ } - nm mV
under magnetic stirring. The re _ ; B : PBCA 494 013 252
concentration of 0.1 mg.mL-". Strong] 5 el nanocapsules

size and narrow size distribution were o

PVBTMAC deposition

L 2 Similarly to the PVBTMAC depo
| C aqueous solution (0.1 mg.mL") were added to the
& coated with PVBTMAC (at fixed amount of 100 pL). “The s
% = . =l the C-potential from about +30 to -28 mV evidenced successful
£ . o 3 o0 b deposition.
- =
el ) 100- Ma oy,
20 -20 80 %
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PVBTMAC amount, uL PVBTMAC amount, uL g 2 z i g 0
* 40 5
The PVBTMAC deposition was achieved via addition of increasing * g &2
amounts of aqueous solution of PYBTMAC with concentration of 0.25 204 o
mg.mL" to the PBCA nanocapsule dispersion. The size of the resulting - .
particles slightly increased, whereas their {-potential abruptly changed = PR Y =y B U
from negative to positive values with increasing PVBTMAC content. DNA content, i DNA content, uL

Preparation of multi-compartment polymeric nanocapsules

1004 —— before construction of PNIPAM shell 30+
i Gt On the surface of the PBCA nanocapsules coated o5l
801 ﬂ with PVBTMAC (100 pL) and DNA (20 pL), a cross-
y ( linked shell was constructed by seeded radical = 2
L ™M \ copolymerization of N-isopropylacrylamide and N,N- =
f: methylenebis(acrylamide). The monomer to initiator £ '°]
? 1 | molar ratio was selected to give shell thickness of about & 4]
- ) 30 nm. Removal of PVBTMAC was attempted by =
/ extensive dialysis against water after treatment with 54
o] NaCl. This resulted in a gradual decrease of the - ol
. . i . . potential with time. before after after
50 100 150 200 250 encapsulation encapsulation removal of
D, nm PVBTMAC

CONCLUSION

A novel approach for simultaneous preparation and loading of multi-compartment polymer nanocapsules has been used. The strategy involved
successively layer by layer deposition of oppositely charged polyelectrolytes (PVBTMAC and DNA) onto negatively charged PBCA nanocapsules. The
particles were further coated by surface-cross-linked shell based on poly(N-isopropylacrylamide). The polycation PVBTMAC was removed by dialysis
against water thus leaving the naked DNA molecules in outer nanocapsules compartment. The multi-compartment double-walled nanocapsules were of size
around 70 nm and displayed good colloidal stability.

They can be used in medicine and pharmacy as bioreactors or as multidrug delivery vehicles as well as for theranostic applications in which therapeutic
and diagnostic agents are combined in a single formulation. The usage of PBCA nanocapsules give the opportunity to directly load the first capsule
compartment with various substances or inorganic particles (e.g. gold, silver, magnetic) that are utilized in diagnostic application.
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Curcumin-containing electrospun membranes —
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To prepare and to characterize curcumin-containing fibrous materials from poly(L-lactide-co-D,L-
lactide) (PLA) and polyvinylpyrrolidone (PVP). Exploring the influence of the composition of the
polymer matrix on UV stability, storage life, in vitro antitumor activity and stimulating effect versus
lymphocytes and macrophages.
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CONCLUSIONS: The fibrous materials containing Curc show good stability, strong in vitro antitumor activity and stimulating effect
versus lymphocytes and macrophages. They are promising for variety of biomedical applications, including wound dressing
materials as well as for application in local drug delivery systems in the treatment of cervical tumors.
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Solubilization of propolis by poly(ethylene oxide)-block-poly(n-butyl acrylat)
diblock copolymer micelles: Effect of copolymer composition

Alexander Milkov,? Anton Kostadinov,? Georgy Grancharov,” Valeria Gancheva,?

Boryana Trusheva,° Vassya Bankova,° Petar Petrov®

aUniversity of Chemical Technology and Metallurgy, 8 St. Kliment Ohridski Blvd., 1756 Sofia, Bulgaria
b Institute of Polymers, Bulgarian Academy of Sciences, Akad. G. Bonchev St. 103 A, 1113 Sofia, Bulgaria
¢ |nstitute of Organic Chemistry with Centre of Phytochemistry, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria
E-mail :ppetrov@polymer.bas.bg

Introduction

Propolis, a natural product manufactured by bees, possesses immunomodulating, antiinflammatory, antioxidant, antiulcer,
antidiabetic, antiobesity and anticancer properties. The poor solubility of the active lipophilic constituents of propolis in
aqueous/biological media, however, decreases their bioavailability and limits the practical application of propolis in vivo. Block
copolymer micelles have been widely exploited for solubilizing a large number of hydrophobic active compounds. The present
work reports on the preparation and characterization of colloidal aqueous solution of poplar propolis using poly(ethylene
oxide)-block-poly(n-butyl acrylat) diblock copolymers.

Synthesis and Characterization of Block Copolymers Amphiphilic PEO-b-PnBA diblock copolymers
@ nBA = with controlled composition and narrow molar
SRAR I . mass distribution were synthesized by ATRP of

,fo\/ﬂ;oﬂ B /{'0\/\}"(3)‘><Br S ’{OV\LOWB nBA initiated by PEO-based macroinitiator.

o] Copalymer composition Mn MNWR  pn GPC  pp)| SFC
0 1H NMR g mol?

| PEO, ;-Br 5150
| PEO,;-b-PnBA,, 11800
PEO,,;-b-PnBA, 17700

| PEO, ,;-b-PnBA,, 25100

Eluton voluma (mL)

Proton NMR spectra of poly(ethylene oxide)-block-poly(n-butyl acrylat) diblock copolymers ams of PEO initi and PEO-b-PnBA block copolymers

Preparation of Colloidal Aqueous Solution
PEOjur oA Propols L wt . PEO.u P Prcpols 2wt ft Effect of copolymer composition

snm a110m ol 350m

PEO,,5b-PNBAs;
33nm

© PEO, b-PBA,
© PEO, b-PBA,
4 PEO, b-PIBA,

100 100 100
Diameter (nm) Diameter (rvn) iamnetes (nen)

Size distribution of blank PEQ;3-b-PnBA s, miceiles and PEQ,,,-b-PnBA;, micelles containing different amount of propolis

Copolymeripropolis mass ratio

Stable yellowish colloidal
aqueous solutions were

' obtained at copolymer/ lj:gg;:gggg; 3
propolis wt. ratio 2 with |
all  block copolymers | é\‘ iy

studied. The obtained
colloidal forms retained &

their characteristics ——
(tmnsparency’ COIOF, Copolymeripropolis mass ratio
stability) upon storage at

room temperature for Copolymers comprising longer
several months. In PnBA blocks formed micelles of
Confrast, pure propoﬁs Iarger hydrodynaml'c diameter.
precipitated in water.

2

Transmittance (%)

v

o

Afomic Force Microscopy study of micellar and pure propolis

Conclusion: Colloidal aqueous solution of poplar propolis was obtained by encapsulation of the natural
product within PEO-b-PnBA micelles. Stable micellar form was prepared at a relatively low copolymer to
propolis weight ratio (2). The hydrodynamic diameter of micelles, containing propolis, can be tuned by altering
the length of hydrophobic PnBA block. The micellar form of poplar propolis is applicable for in vivo experiments.
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XUAPOPOBHO MOANPHUIINPAHU CBITIOJIUETEPH C

JJATEHTHA XUMHYECKA ®YHKIHIUOHAJIHOCT

M. Buauanopal?, C. Panrenos!, C.Typmanosa 2
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‘Kameopa “Texuonozuu, Mamepuaiu u Mamepuaioznarnue”,

Dakyimen no mexuuuecku nayku, Yuusepcumem “Ilpodh. o0-p Acen 3namapog” 2p. Bypeac

—

Cum‘ewpaﬂu ca HOBH JIMOJIOKOBH CHIOQJIMMEPH HA MOMA(ATHITIHIHIAIOB C’TCP) H TOJTMITIHIHI0], ChIbpAKAllH XH,ElqulOﬁEH 0CTaThK. n’LpBOHa‘laﬂHO ¢ nonyueH‘
I'IDJ'IH(a.JTHJTI'J'IMl],W,'lV]J'IOR eT&‘,p) Hpe3 AaHHOHHA MOJIMMEPH3AIHA ¢ OTBAPAHE HA MPBCTEHA HA ATHINTHITAIHIOB €Tep, HHHIIHMPAHA OT KATHEB J0/IeKaHOIarT, ]'lpn BTOPHS eTart,
MOMH(ATHINTHIHIHI0BHAT e'nep) € H3MOoJI3BaH Ja HHHITHHpPa aHHOHHA TIOJUMEpPH3alKA ¢ 0TBAPAHE Ha NMPbhCTEHA HA €TOKCHETHIINTHIMIKIOB €TEP, TIPH KOETO Ca MOJTy4YeHH
cepus JNNUOIOKOBH CBIIOJIMMEPH € Pa3/IM4HA MOJIHW ChOTHOLIEHHS MEK/Y JBara os1oka. Kpaﬁnn-re CBIIOJIUMEPH, TIONYHCHH CIIE] 0CBOOOK/IABAHE HA 3AUIMTHUTE
CTOKCHETHIIOBH ]'pyl]lr‘l. C'h,Ll'hp)Kﬂ'l‘ AJTHIIOBH H XHJPOKCPL'[HPI ]‘pylll’l. ]Ip"}_laBal.Lllfl JIATCHTHA XHMHYECKa q)}'HK].[lflO}{aJlHOC'l', KAKTO H BHCII aJIKHJIOB OCTaTbK. C'bllOJIldMep]’I']'ﬂ
CaMOacOILMAPAaT BbB BOJHH PA3TBOPH H Oﬁpa'ijaT XHGPHI[HP] CTPYKTYPH Hpe3 ChACOLHUHPAHE € THNHIHH MOJICKYJIH. Kakro ChINOTHMEPHTE, Taka H CAMOACOLHHPATHTE HITH

ChaCOLUMMPAIIMTE CTPYKTYPH MOraT Aa ObAar XMMUYECKH Mo,mdmuupaum, C KOETO CBOHCTBATA KM MOCAT [a CE NPOMEHST PaIHKAIHO.

Cunres na PAGE
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'H SIMP cnextsp PAGE-PG 8 CDCIy

K

5

Mn= 4900 ('H SIMP 5 CDCl, )
DP=44 ('H SIMP & CDCI, )
Mn= 6630 (I'TIX)

Mw = 7530 (I'TIX)

M,IM, =114 (I'TIX)

Karo o0pasyBar (ypakiuus OT HAHOPA3MEPHH YaCTHLIH,

Upes aHHOHHA MOTHMEPH3AIIHA ¢ OTBAPAHE HA MPHCTEH Ca CHHTE3HPAHX cepHs OIOKOBH CHIIOIHMEPH MOMH(ATHATIHITIHIOR
e’l‘ep)—llOJllfl[]lML[l/]ﬂ,ﬂJl, C'I:,Ll'bp)l(al.l.ll/l AlIHII0BH H Xl/lﬂ,pGKCl/lleM fb)'HKLlMOHaJlH}‘[ Ipyll[/l Ha BCAKO MﬂHnMepHﬂ 3BEHO OT CHOTBETHUSA
Grok. Coeronumepure ca ¢ (ukcHpana MoliHa mMaca Ha Gioka PAGE (M, = 4900), HapacTBallo ChiibpKaHHE HA NOJUITHIMAIOIN
(25 — 70 mol %) u chabpar xuapododen ocrarbk, OOmara monHa Maca Bapupa ot 7200 mo 19200 B 3aBucumocT oT
CBABLPKAHUETO HA MOMMIIMLMAON. [IpenBapuTenHH 1aHHu MOKA3BAT, Y€ CHIOIMMEPHTE CAMOACOLMUPAT BLB BOIHH PA3TBOPH,

T Bnar T 3a Ta

Ha HUX npu Yruueepcutet “lMpod. A-p Acen 3natapos” — Byprac (Mpoekt HUX-405/2017)

PG mol % | DP na PG | Mn (PAGE-
PG)
25 16 7200
50 39 10600
70 98 19200
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Investigation of The Effect of Novel Polymeric Nanoparticles on Cancer Cell

Surface Morphology by Scanning Electron Microscopy !

lvan Mitkov!, Emi Haladjova3, Kirilka Mladenova?, Ralitsa Veleva?, Veselina Moskova-Doumanova?, Svetla Petrova?, Jordan Doumanov?,
Petar Petrov?, Tanya Topouzova-Hristova?
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Introduction

Polymeric nanoparticles have great potential in biology, pharmacy and
medicine due to their unique properties, such as the ability to optimize their
biodegradability, size and morphology, and to control the mechanisms of
their action. They are highly regarded as a competent vector system for gene
therapy since they are able to storage, transport and deliver biomolecules
(DNA, RNA, proteins) through the cell membrane via the intracellular
transport. Therefore, the usage of polymeric nanoparticles is a promising
approach in the treatment of cancer and other diseases.

Aims

The aim of this study is to perform comparative analysis of 4 novel types of
polymeric nanoparticles in order to determine their effects on A549 human
lung cancer cell line regarding alterations of cell morphology. Control cells, 15 min Control cells, 45 min

Materials & Methods

An adenocarcinomic human alveolar basal epithelial cell line — A549, was
treated with 4 novel types of nanoparticles in a previously determined non-
toxic concentration — 10 pg nanoparticles/mL for 15 and 45 min.

The nanoparticles were based on:

poly(2-(N,N-dimethylamino)ethylmethacrylate) and poly(caprolactone)
triblock copolymer

EM MAG: 3.00 kx| o ym

Incubation with m particles, 45 min

o 0 [+] o 0
H " %
s A

Figure 1. Chemical structure of poly(2-(N,N-dimethylamino)ethylmethacrylate) and
poly(caprolactone) triblock copolymer

The 4 types of nanoparticles were as follows:

m = Polymer micelles based

bc — Micelleplexes (plasmid DNA electrostatically bound to polymer micelles)

ac — Micelleplexes coated with polymeric capsule based on N-Isopropylacrylamide
acd - Polymer capsules containing plasmid DNA

Polymer micelle (m) Micelleplex (bc) Incubation with be particles, 15 min Incubation with be particles, 45 min

ST S i lini
10 ym = E {10 pm

Incubation with ac particles, 15 min Incubation with ac particles, 45 min

Encapsulated micelleplex (ac) Encapsulated DNA (acd)

Figure 2. Structures of the used poly ic and r lles

For inspection and assessment of possible cell surface alterations caused
upon incubation with the nanoparticles, cell probes were fixed, coated with
carbon and gold, and Scanning Electron Microscopy (SEM) was performed
using a Lyra Tescan microscope.

Conclusions

The analysis of the SEM images showed that incubation of A549 cells with
the nanoparticles resulted in slight alterations of cell morphology,
manifested as reduction of cell adhesion and membrane perturbation,

regardless of the type of nanoparticles used. Moreover, no apoptotic signs or s : =
detrimental effects of the nanoparticles on cell surface integrity and Incubation with acd particles, 15 min Incubation with acd particles, 45 min
morphology were observed, which correlates with our previously collected

data of low toxicity of these polymeric nanoparticles on A549 cells. Figure 3. SEM Images of A549 cells incubated with polymeric nanoparticles for 15 and 45 mins.

Therefore, these polymeric nanoparticles might be suitable transport
systems for gene delivery and transfection.

Acknowledgements: This work was supported by grant DFNI-TO2-7 from Bulgarian National Science Fund.

19



Polyvinylpyrrolidone (PVP)
Mr=24 000 g/mol (K-25)

Lo

Cellulose acetate (CA)
n 30 000 g/mol

Biodegradable, nontoxic,
biocompatible

Curcumin (Curc)

H;CO

HO

Natural compound with antibacterial, antioxidant, antitumor activity

Curc/PVP (5%)-on-CA mat

dﬁher = 78011 .\

80

electrosprayed PVP-curcumin particles
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Curcumin (Curc) exhibits anti-inflammatory, antibacterial and antitumor activity. However, its application
is limited by its poor bioavailability related to its extremely low water solubility [1]. The AIM of the
present study is to prepare and to characterize novel materials allowing increased release of Curc in
aqueous medium. The new materials consisted of electrospun fibers from cellulose acetate (CA)
decorated with electrosprayed Curc/polyvinylpyrrolidone (Curc/PVP) particles [2].
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£ Control
> CA

 Curc-in-CA
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4 Curc/PVP (8%)-on-CA

Conclusion. Novel fibrous mats based on CA decorated with Curc/PVP particles have been
successfully prepared by conjunction of electrospinning and electrospraying techniques. The

incorporation of PVP led to hydrophilization of the mats and facilitated Curc release. Moreover, the

- Acknowledgement: The authors thank the National Science Fund of Bulgaria for the financial support

Curc-containing mats exhibited antibacterial activity against S. aureus.
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[2] P. Tsekova, M. Spasova, N. Manolova, N. Markova, |. Rashkov , Mater. Scien. Eng. C, 73 (2017) 206—214.
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Iron (IIT) chloride catalyzed carbonyl olefin
metathesis polymerization of chalcone

Hristo Penchev!, Silvia Dimova', Filip Ublekov', Christo Novakov', Katerina Zaharieva?

! Institute of polymers, Bulgarian Academy of Sciences
2 Institute of catalysis, Bulgarian Academy of Sciences
E-mail: dimova@polymer.bas.bg

For the first time, we demonstrate Iron ( III) chloride catalyzed carbonyl-olefin metathesis polymerization of
chalcone. The element iron, an Earth-abundant and environmentally benign transition metal and its compounds
are often used as catalysts. This polymerization is characterized by its operational simplicity and mild reaction
conditions. The synthesized conjugated oligomers, in situ doped with FeCls, are soluble in common volatile organic
solvents and readily form thin films and coatings which broadens the potential application of these oligomers.

SYNTHESIS AND CHARACTERIZATION

FeCI, anhydr.

O

CHO

@ i "

4000 3500 3000 2500 2000 1560 1000 500

chalcone

=
" wau ;
] L]
% 4000 3500 3000 2500 2000 1500 1000 500
. s
Precipitated (left) and soluble Polymerization product, dissolved in dichloromethane and its [72} c
(right) polymer fractions in toluene glass coating after evaporation of the solvent g MAA
> Experimental conditions 4000 3500 3000 2500 2000 1500 1000 500
Monomer : catalyst = chalcone : FeCl;, Solvent : 1,2- Dichlorethane D

Temperature 60°C, 1h and room temperature, 12h. M
The obtained products were isolated as an dark viscous liquid. M UUM
Y - 4000 35‘00 SUbD 25‘00 20'00 15‘00 1600 5{‘)0

Wavenumbers, cm™

IR spectra of A- monomer, B-monomer/10mol%FeCl;
C- monomer/FeCl;-1:1, D- monomer/FeCl;-2:1

/ ize exclusion chromatography \

Polymerization in toluene Polymerization in 1,2-dichloroethane (DCE)

$.8.8.5 % 8 3.8 8 8

i The SEC analysis showed significant influence of the used
§ solvent on the polymerization yield molecular weight and MW
: ; . : : distribution of the synthesized oligomers. The polymerization in

The XRD analysis of the polymerization product in toluene showed amorphous halo and two DCE gIVeS only trimeric o|lgome.r‘, Whlle. n Toluene MV 5000
characteristic crystal reflects which is indication for partial crystallization of the obtained oligomer. g_mol'1 frqcﬂon s qchievqb|e_

CONCLUSIONS

v' An effective synthesis of poly(phenyl-substituated vinylidenes) has been demonstrated for the first
time by carbonyl-olefin metathesis polymerization of chalcone, catalyzed by anhydrous Iron (IIT) chloride
- cheap and widely available chemical.

¥ In situ Fe-doped conjugated oligomers could be obtained by this procedure.

v’ Synthetic conditions were varied for preparation of different conjugated oligomers.

v Tne FT-IR spectroscopy shows vibration band around 1600cm-!. This are attributed to the presence of
conjugated vinylidene backbones. Very strong UV-absorption at 256 nm was observed.
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METAKPUNIATHUA B3AUMHOMNPOHUKBALLU NOJIMMEPHU MPEXU KATO {
HOCUTE/ZIU HA NPOMETA3UH XUAPOXNOPUA

M. Monobpem!, M. CumeoHos!, X. Llayes?, E. Bacunesa!
1labopamopua no cmpykmypa u ceolicmaa Ka noaumepume, @axyamem Mo xumua u apmayus, Gyn. Ax. Baysep 1, Cochua 1164, Ewnzapun;
laGopamopus no Papmayesmuyna mexHonoaus, Gaxyamem no xumun u hapmoyus, Gyn. Iw. Boywep 1, Cotbun 1164, Bunzopus;

BbBepeHmue:
BzaumHonpoHukeauwume noaumepHu mpexcu (BfiM) ca knac NONMMEPHM MaTepMank, KOMTO KOMBUHUPAT CEOHCTBATA Ha IBE MU NoBeYe
NoOAMMEPHHA MpPEMHK, KOWTO Ca 4YacTUYHO NpeneteHd, HO He Ca KOBaNeHTHO CEbp3aHK NOomMewmay Cu. I'Io,qﬁomﬂ Ha KOMNOHEHTWUTE,

narpaxgawm BMNM, B cvyeTaHue ¢ TAXHaTa $a3oBO pa3gencHa CTpyKTypa oBycnasAT NepcnekTMBHOTO MM NpUNoMeHWe B chepaTta Ha
NEeKapCTBEHOTO QOCTaBAHE.

Mpamal Llen:
w@@%’ HacToAwoTo M3cnenBaHe MmMa 3a UeN Aa pasKkpue noTeHuwana Ha BMM ot nonu(meTakpunoBa KucenuHa)(MMAK) u nonm(N,N-
‘v‘.ﬁ Aumetunakpunamug) (NAMAA) KaTo cucTemm 3a yAbMAKEHO gocTaBaHe Ha MpomeTaszuH xuapoxnopug, (MXX).

CwvHTes Ha BMM
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Hzcﬁ)LoH a o o UV NoMme oM ssLmn
A K HoH MM B0mun; A=365nm
CH, HO UOH MY ey 0.5M; 1M; 20; 3M; AM;
o a o
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KATO Y IHKUMA 112 KOHUCITPALMATA 12 KT nonvmepnsauma Ha MAK ca 2% HMH W 45 MKH DEGHUMOHHO Bpeme. NMAK sve BITIM
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- w o F # EKCnepumeHTanHo-nony4eHuTe 32BUCK-
O\NA Mg, & il Vi mona E ', mocTi Ha PCH w EH ot cwctaea Ha BNM gasat
‘\[j s b OCHOBaHMe fAa  ce  NpeanonoM,  4e
x P P P P
88 02 a: o8 0 10 HaToBapeaHneTo Ha MNMXX ce ocblwecTeABa Ypes
Macona sact TIMAK
A e nacueHa audysua.
Cxema 2. Hatanapoane ha BMNM ¢ XX durypa 8. EdexmaHOCT Ha aTosapeane (EH) wa /1B suz BNIM }'nﬂﬂWEHI‘ITE BMM umat p,oﬁpe W3pa3eHa pH
YYBCTBUTENHOCT, HO He npuTeXaBaT
‘:: 7 T z : T T 100 T TemnepatypHa 4YyBCTBMTENHOCT B M3CNeABaHuA
[ —— 1 T
| o ] b —f—a—t ’H TemnepartypeH MHTepBan.
B b= A ] m & i ¥ == »ChctaBbT Ha BMM npAake BAWAe BbpXy
=) = — i
£ mf . . _-.} 2 1 » |- {' ) = npodunuTe Ha NekapcTBeHO ocBoboMaaBaHe.
& el * g T 2 @ T } 5
w 2 x
g a| 2 \§ — i i
2 20 ® 40F = =
[ " 5 ; -
£ e s gy
ar F 5l BnarogapHocTu: Ta3u pabora e
o ocbllecTseHa ¢ puHaHcosaTa nogKpena
° : : ' : " ;
o 0 20 0 40 5 60 " i " " i i s
_ P T Ty T T/ T Ha npoexT 80-10-224, ®HW npw CVY.
Tlmin] .
T[min]

®urypa 9. Ocoobomagarane wa f1B npu pH = 1,2; T = G0OMHK @urypa 10, Ococbomaasane ma /1B npw pH = 6,8; T = 1380 mun
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COMUMCKIA

= INTERACTIONS OF GOLD-CONTAINING SN
NANOPARTICLES WITH HUMAN ACADEMY

of SCIENCES
.CB, KAMMEHT

EPITHELIAL CELLS

Jonais 1888 1 Svetoslava Stoycheva*, Emi Haladjova***, Kirilka Mladenova*, Yulia Petseva*, Zdravko Lalchev*, Veselina Moskova-Doumanova**, Tanya Topouzova-Hristova**, Stanislay
Rangelov***, Jordan Doumanov*
*Sofia University. Faculty of Biology, Department “Biochemistry” and **Department “Cytology. Histology and Embryology™:
#++*Bulgarian Academy of Sciences, Institute of Polymers
Introduction
Delivery of exogenous gene into cells has great importance in gene function research, genetic modification of cells, and gene therapy. Non-viral gene carriers such as cationic lipids and
polymers have been potential alternatives for safe and efficient gene delivery due to their good biocompatibility, versatility, and controllable molecule size. They should be stable, must have no negative effect to the cell
metabolism, and DNA should remain intact during transport. The gene delivery efficiency of these materials is usually influenced by many factors, such as the quantity and quality of DNA, ratio of DNA to material, size and

toxicity.

Methods
In this study we used nanoparticles of poly(vinyl butyl trimethyl ammonium chloride) (Homo) and poly(vinyl butyl trimethyl ium chloride) —block-poly(oligoethylene glycol
metacrylate) containing gold. The working concentration of nanoparticles also contain 0.2 pg/ml DNA.
HepG2 (hepatocytes) and A349 (lung) cells were grown in DMEM F-12 Ham and in DMEM respectively with 10% (v/v) FCS, streptomycin (0.1 mg/ml), penicillin (0.06 mg/ml) at 37°C in 5%
CO, water-saturated atmosphere. For MTT assay both cell types were treated with nanoparticles, containing 0.2 pg/ml DNA for 6h. Than cell viability was determined immediately after treatment (6 h) and at 24, 48, 72, and 96 h
by using MTT test, based on metabolic activity of the cells. Fluorescence staining is perform using acridin-orange, which is suitable for visualization of microsomal fraction . Cells were incubated for 30 min with nanoparticles.
Fluerescence microscopy images were carried out immediately after treatment with Nikon Eclipse Ti-U (Nikon GmbH, Vienna) using 40x objective lens.

Results

MTT -0.2 pg/ml; 6h
. i
. e o
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Homo Homo BCM1 BCM3 k
M1 M3

Figure 1: MTT-test for AS49 and HepG2 cells, 6h after
treatment; working concentartion is 0.2 pg/ml
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Figure 2: MTT-test for A549 and HepG2 cells, 24 h after
treatment; working concentartion is 0.2 pg/ml DNA
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Figure 3: MTT-test for AS49 and HepG2 cells, 48 h after
treatment; working concentartion is 0.2 pg/ml DNA

MTT- 0.2pg/ml; 72h
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Figure 4: MTT-test for A549 and HepG2 cells, 72 h after

treatment; working concentartion is 0.2 pg/ml
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Figure 6: Fluorescent staining with Acridine orange of A549 cells, incubated 30 min with Figure 5: MTT-test for AS49 and HepG2 cells, 96 h aficr Figure 7: Fluorescent staining with Acridine orange of HepG2cells, incubated 30 min with
nanoparticles treatment; working concentartion is 0.2 pg/ml nanoparticles
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Conclusion:
orking concentrations of nanopartic
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UzcneapaHe Ha BNUAHUETO HA FreOMETPUATA Ha KoneKTopa
BLPXY (PNINKOMEXaHUYHUTE CBOWCTRA HA €NEeKTPOORNAKHEHM
MaTtepuanu ot nonu(3-xuapokcnbyrtupar)

U. Bopucoea, 0. Ctomnoea*, H. Manonoea*, Un. Pawkos

Na6Gopatopua BUonoruMHO aKTUBHU nonuMmepu, UHCTUTYT no nonumepwu,
Bunrapcka akagemus Ha Haykute, 1113 Codiua, yn. akag. I'. BoH4es 6n. 103A

Uenta Ha paforara e ga ce M3CNeABAT BBE3IMOXHOCTHMTE 3Aa NONYYaBaAHEe HA MATEPMANM OT
nonu(3-xmpgpoxcubyrmpar) (MXB) upes enexrpooBnakHaBaHe ¢ noaobpenM hM3MKOMEeXaHMYHHA
CBOMCTBA M Oa CE WI3CHeaBa BNMUAHMETO HA FEOMEeTPMATA HA KOMeKTOPA M OPMeHTALMATA HAa
BNAKHATA BbLPXY TE3M CBOWMCTBA.

BnvnaHUe Ha reoMeTpPUATA U CKOPOCTTa HA BBPTEeHEe Ha KoneKTopa

XaoTHYHO pasnpegeneHy Bupraw, ce

.
o

800" 06 ik, ]

‘.
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TETTOR AT

reome'rpuﬂ'ra Ha KONeKTopa BNMAe BB:pXY OopyMeHTaAUMATA HA BNaKHaTa. MosxMwaBaHeTo Ha
CKOPOCTTa Ha BBbpPTEHE HA KONeKTopa BOAWM OO0 OoNbBMHMTENHOTDO MM OpMEHTHMPpAaHEe.

PuanmKkoMmexaHM4YHM CEOMCTBA HA MaToBeTe

5 - 1,8 10, MPa
45 % MPa 2200 rpm s o, MPa e 1
41 14 owpc)
35 - 12 B
3 - 1 I
2,5 4 i
08 |
2 4 600 rpm 06 600 rpm *
15 4 s e e e ’ 2
1 '~ 0.4 o
1/ 0,2
°': &%
[ 2 4 6 8 10 0 2

o 2 4 6 8 0 2

MoBMwaBaHeTo HA CKOPOCTTA HA BbLPTEHE HA KONEKTOPAa BOAM [0 NOBMILABAHE HA MEXaHMYMHMTE
ceorcTBa Ha nonyuveHute [XB marepmanu. Mpobure, M3pA3aHM NO NOCOKA Ha BLPTEHEe HA
konexkropa (A, npu 600 v 2200 rpm) noxkassar no-podpy MeXaHMHHM MNOKA3IATENW CNPAMO TE3M,
u3apasanm nog 90° (B, npn 600 u 2200 rpm).

Enaronapﬂoc:'r « -f_‘_\'l:]'”l.,_ AETOpMTE W3Ka3EaT CEOATA bmarogapHocT Ha @oWm Hayunw manolova@polymer.bas.by
I yzcnepBaHMA 33 hMHAHCoBATa nogkpena no Qorosop OH 0942, stoilova@polymer.bas by

25



[Toctep 18

¥ INS U}’U)
& a

o

New application of hybrid polymer
systems for the destruction of
bacterial biofilms
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BULGARIAN ACADEMY OF SCIENCES

Haladjova E.!, Paunova-Krasteva Ts.?, Borisova D.%, Kyulavska M.!, Stoitsova S.2

! Institute of Polymers, Bulgarian Academy of Sciences
2The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences

INTRODUCTION MATERIALS AND METHODS

Biofilms are matrix-enclosed communities of bacteria Hybrid polymer systems based on different polycations were used. Some of them were

that show increased antibiotic resistance and the loaded with gold nanoparticles. The loading was performed in two methods. The samples

capability to evade the immune system. Bacterial were as follow:

biofilm contamination of various surfaces in hospitals 1-system based on poly(2-(dimethylamino)ethyl methacrylate)-block-poly(e-

and food industry represents a serious health risk. A caprolactone)-block-poly(2-(dimethylamino)ethyl methacrylate) triblock copolymer;

major concern is their intrinsic resistance to routinely 2-system based on poly(vinyl benzyl trimethylammonium chloride)homopolymer;

applied antibacterials and disinfectants. This requires 3-system based on poly(vinyl benzyl trimethylammonium chloride)homopolymer

the development of novel approaches to biofilm preloaded with gold nanoparticles;

detachment. 4-system based on poly(vinyl benzyl trimethylammonium chloride)homopolymer post
The AIM of the study is to evaluate the effectiveness loaded with gold nanoparticles.

of hybrid polymer systems against a pre-formed P aeruginosa PAO1, previously shown to be a good biofilm former, was used as a model

bacterial biofilm. microorganism. The bacterial biofilm was cultivated for 24h on g6-well plates. Then the

medium was removed and the biofilm was treated with the nanoparticles for 2 or 4 h
respectively.

RESULTS
Dynamic and electrophoretic light scattering Transmission electron microscopy
100 - -
80
E 80 L] »
s .0 2
I 3 ]
g 40 b g
g 3 2 1 _500nm 2 _500 nm
‘T;’-. 20 "
I
0 0
1 2 3 4 1 2 3 4 - »
The hydrodynamic radius of hybrid polymer systems ranged from 35 to 120 nm
depending on polycation used and the presence of gold nanoparticles. 3 s00om 4 500 nm. 4

The Z-potential of hybrid polymer systems was strongly positive independent on
_.polycation used orthepresence of gold nanoparticles.
- " = The morphology of hybrid polymer systems/ was
: visualized by TEM. All systems exhibit spherical shape
Frtimationofbiofilmdetachment ?nd tgsfg sizes were comparable with those determined
Tom . /

R° [Jincubation 2h

I incubation 4h

0.4 ~
0,31 : ‘CONCLUSION
0.2+ _— Nt
The results indicate the applicability of the
0.1- tested hybrid polymer systems for disinfection
of biofilm-contaminated surfaces.
00
; g 3 4 ] ,

Control 1

Optica density at 570 nm, %

-

 gma HayuHa cecua “Mnaaute ydeHue B cBeta Ha nonumepute” 01.06.2017, Copua
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AHTHOAKTEPHAIHA AKTHBHOCT H AHTHOHOPHIM-

oOpa3zyBama cnocoOHOCT HA MOJIHIBHTEPHOHU
SOFIA UNIVERSITY,

Koncrance Pycesa'?, Kpucruna Usanosa 2, Enena Bacunenal, [anko [lanos? 5t. Kliment Ohridski

Ypa H cBoiicTBa HA mosnMepuTe, @aryarer mo xumus u papmanns, CY“Cs. Kn. Oxpuackn, Codns, Bearapus
yauBepeurter Ha Karaayns, Tepaca, Henanns

[onmuusurepitonnre (I1LIA) ca obekT ma 3acumeH MHTEPEC B TMOCIEIAHUTE
FOIMHM € e Pa3padoTBaHe Ha HOBH OMOCHLBMECTHMHM MATEPHAIIH € LIPHIOKEHHE
B MeJHUMHATA. HDM‘IHHJIJ 3a TOBA ¢, 4C TC IMPUTCKaBar OTIHM4YHA
OHOCLBMECTHMOCT H €IHOBPEMEHHO € TOBa TPOSBABAT XAPAKTEPHUCTHKH Ha
»WHTEJITHTCHTHH MﬂTePHaﬂl’]" — T€ MOraT Jia OTKJIWKBAT HA BLHIITHKA CTHMYJIH Karo
npomsina B pH. Temneparypara W iionnara cuia Ha cpenara. Bee oute, odaue,
TEXHUTE aHTHOAKTepHalHM CBOKcTBA M cHOCOOHOCTTA MM jaa HHXMOMpar
0bpazyBaHeTo Ha OHOPUIMH Ca HEH3CIIENBAHH.

LIE]

Moaya ua enacrwmocr [MPal
o
Moaya na eaacruunoct [KPa)
.

1 5
Tonap 2
ronap | <1omap 2

. 0.1 TICBMADS [ICBMA 1 1ICBMA 2 TICBMA 3 [ICBMA 4 4NIKEMA  STIKEMA 6 IKEMA 7 TKEMA

ME Ha xuaporenosere Ha [ICBMA nokassa TEHJIEHIIMS HA HAMallsiBaHE C
yBenuuasane Ha konuenrpauuara na IIEIJIA. Ilpu xunporenosere na [IKBMA
ce HabmonaBa obpaTHa TEH/IEHIIHA, KaTo T€ HMaT 3HAYMTENHO no-eucokn ME B
cpasHenue ¢ xuuporenopere Ha ITCBMA. ToBa ce IbKM HA I10-BUCOKOTO
KOJIHYCCTBO OMpC){\'BaLLl AreHT, KOCTO BOJIH J10 1HO-I'bCTa Mpcx\'a. a OTTaMm M 10 no-
Bucok ME.

Lle]l‘l'a Ha M3CICIABAHCTO € J1a M3Yy4YH ﬁH'l'MGﬁK’]'GpHﬁJlHH'I'C cBoiicTBa W
cocobnocTTa  3a  MHxubupane wma oOpasyBameTo Ha Guoduamu  oT
XWIPOTE/IOBETe  HA  JIBa  THIA m - nomkapOokcuderani |
nonucyadoberantin. 3a H3MBJIHEHHE HA Ta3W 1ed OAXA CHHTEIMPAHH H
OXAPAKTEPU3HPAHH I10JIMMEPHH MpexkH oT cyidoderann merakpuiar (CBMA) u
kapOokcubeTant MeTaKpHar (KBMA) c OMpEHKBaLL areHT
noaverrnenrnukonakpunar (ITETIA).

AHTHBAKTEPHAJIHA AKTHUBHOCT CPELLY E.COLI

A MOJJUMEPHHU MPEKH OT CEMA

18 E.coll "

12 12
CH2 I 10 10
0.
HyC \/\N'A\/\‘é—cr /\ﬂ/\o k/ "
| MECTA .
CBMA monomep 4
X mout. % IELIA | 60°C, 6 yaca i
X=0,1;0,5;152;3 K;8,04 f

0
wonTpota 0.1 IICHNLAL THCBMA 2 CEMA 3 ICBMA a4 MIKEMA S TIKBEMA 6 ITKEMA 7 TIREMA

CFUIml x 10°
CFU/mI x 107

Awnrubakreprannara akTuHocT Oe n3cneapana cpenty Escherichia coli
(rpaM OTpHIIATE/IHA), & KaTO KOHTPO/Ia O U3110/13BaH CHIIMKOH. XH/poreioBeTe
Ha [ICBMA u IIKBMA He nposssaBar aHTHOAKTCpHa/iHa aKTHBHOCT CPELLY
Escherichia coli, T.e. Te mposBABAT CHLIIATA AKTHBHOCT KaTO KOHTPOJIATA.

IICBMA

AHTUBHO®UJIM OBPA3YBAIIA CITOCOBHOCT

CnocodHocTTa 3a HHXHOMpaHe Ha oOpasyBaHeTo Ha OMO(UIM OT CTpaHa Ha
xuaporenosere Ha TICBMA u ITKEMA Ge TecrBana cpeuty Staphylococcus
Aureus (rpam nojoxurenda) u Escherichia coli.

T T T ™ had
S.aureus. S aureus
(o] (IZH; 12 [Sawes]
H,C N + <>=0 o
e oMo+ G . 4
H,C B-nponnomaxron g § N
AHMETHTAMHHOETHI METAKPHJIAT E 5 a
-10+0°C o
MCTH/ICTH/IKCTOH
12 uaca 2
£ womrpa 0.1 TICEMAGS CEMA 1 HCBMA 2 TICBM. B k woutpons 4 MKEMA 5 TIKBMA 6 KEMA 7 TKEMA
(o] CH; Jpara tuna 1M xunporenose 1eMOHCTPHPAT CHOCOOHOCT ja MHXMOHpAT
- CH,ﬁ)LO/\,P,I‘\/\rrO' ouodunm obpasyeanero or Staphylococcus Aureus, karo ITKBMA noka3zpar
CH CH; 4 MO-CHIIHA MHXHOMpAIa criocoOnocT B cpaBHente ¢ TICEMA.
60°C, 15 uaca 3
. KBMA 2 2
IKBMA  Na,S,04/(NH),8,:05  vonovep : =
10
- 8
o ]
e £
i
T w4
® 4TIKEMA 2 2
M) ® SIKBMA
020 71 woao 4 F ]
;l:; 5 E swonrposa 001 ICEMARS ICBMA 1 HCEMA 2 TICEMA 3 IICEMA koutpota 4 KEMA SKBMA 6 KEMA 7 KEMA
‘2015 .' :li-‘i s s
‘5 . R -3 i i $ 8 JIBara THIIA I0JMMEPHH MPEKH JIEMOHCTPUPAT ¢1a00 W3paseHa Crioco0HOCT
} 4 = : ® . . .
- ikl LRI j': ba3 ¥ ii Na unxuGHpar Guoduinm odpasysanero Ha Escherichia coli.
ol Zo10 r ¥ 1
g .’r » oinesmal| § 4 M3BOOU
Soos s ® 0.50CEMA 5 b s
& e s mepua | By, ] Jeara nacneasanu tana I mpesu:
A w 2NCEMA ! . . .
L] iy STICEMA " * He nokassar aHTHGakTepHaHa aktusHoCT cpenty Escherichia coli
9 4 4NCEMA ik
ool o * uMar 3HaudrencH uuxubupaul edexr cpewmy oOpasysane Ha Ouoduam or
0 200 400 600 800 1000 1200 1400 % o 200 400 600 800 1000 1200 1400
Staphylococcus Aureus
Bpeme [mun] Bpeme [mun] . ~
+ noxasear cna® WHXHOMpaml edext cpeity obpasypaHe Ha OHOpUIM  OT
Crenenra Ha HaOBOBAHE NPH [BATA THIIA TOJIMMCPHM MPEKH HamalsiBa Escherichia coli.
VBEIUYABAHE HA KOHIEHTPAITMATA HA OMPEKBAIL ATSHT, Thi KaTo rbCTOTATA Ha Te3n pesylTard ce JIBIGKAT HA HUCKATA HecremM(UIHA NPOTEHHOBA

MpeKaTa HapacTsa. ancopbuns Bepxy [ILIM marepmanu, kosrto npernorsparssa (opMmupanero Ha

GHoHIM.

—— Paborara e ¢unancupana or Harnonanen donn  Hayunn uscnensanus™, Jlorosop Ne JOHKU-T02/15.
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In situ otnaraHe Ha KanuueBu ¢ocdatn B nonucyndgodbeTanHOBM
MaTpuum

B. Oumutposa, [. Hukonoea, M. CumeoHoe, A. Anoctonos, X. lpbHuYapoea, E. Bacunesa
Jlabopamopus no cmpykmypa u ceoticmaa Ha nonumepume, @axkynmem no xumus u ghapmayus, CY,Ce. Knumerm Oxpudcku®,
6yn. ‘[xelimc Bayyep” No 1, Cogpus 1164, Ebnzapus

|. BbBegeHue:

XvOpuaHWUTE MaTepuanu ca CbYeTaHWE Ha HaHO WMV MONEKYNHO HUBO MEMXAY
OpraHvu4YHKU U HEOPraHWYHK KOMNOHEHTU. B npupopara Te ce nonyyasar upes npoueca
6GUOMMHEPanNU3aLUKs, NP KOWTO OPraHn3MW akymynupar unw opmMupaT HEOpraHUYHU
maTepwanu B GUONOTMYHKM TbKaHW W CTPYKTYpW. B YoBewwkoTo Tsno npumep 3a
xubpuaHn matepuwanu ca 3bbuTe U KOCTUTE, KbAETO HEOPraHWYHWAT KOMMOHEHT &
Kanuues cochat, a opraHuvHWA e Hall-Beye KonareH.

LipuTepiioHute ca HeyTpanHu amdgOTEPHU MOMEKYNU, KOWTO ChABLPNET
KOBANeHTHO CBLbP3aHu MONOXMUTENEH M oTpULAaTENeH 3apsh. Te ca YecTo cpellaHn B
npupoAaTa, a TeXHUTE BUCOKOMONEKYIHN CUHTETUYHWA aHAN03u Ca NonuLBUTEPAOHUTE.
MUK n B yacTHocT nonucyndobetamuute (MCB) ce oTnvuaeaT ¢ MHoro Aobpa
BMOCHBMECTMMOCT, AbIXKaLLA Ce Ha TAXHaTa BUOMMMETUYHA CTPYKTYpPa.

II. Uen:

LlentTa Ha HacToslleTO M3cneABaHe € nonyvyaBaHETO Ha HOBU XWMOPUAHM
maTepwanu, Kouto Aa ObAaT W3nonaeaHM 3a 3anbliBaHe Ha KOCTHW AedbekTn, u
e[HOBpEMeHHO C TOoBa fa cromaraT W TAxHaTa pemwHepanuaauma. Tasw uen Oe
OCbLUECTBEHA 4pe3 in sty oTnaraHe Ha Kanuueeu cochatm B Matpuum ot
nonucyndoBetuHun. MbpeoHadanHo Baxa nonyyveHu ase nonumepHu mpexu ot MNCE ¢
pasnuyHa rbCtoTa Ha OMPEXBaHE, T.e. C Pa3NuyHa KOHUEHTPaLMs Ha OMpEXBalus
areHT - N,N'-metuneH Gucakpunamup (MBAA). Cnep ToBa, B TAX BAXa OTNOXeHW
Kkanuuesw chocdati v nonyyeHuTe xmbpuaH matepuanu Gsxa oxapakTepuanupanHu.

lll. EkKcnepumMeHTanHa 4yacr:

M.1. Cunmes Ha [1CB mampuyu

Mpurotes ce 0,1M pasTeop Ha MoHomepa cyndobeTanH MeTakpunar, KbM KOWTO
ce pobasat 0,1 mol% wHuumartop K,S,0; n ompexsaly areHT MBAA ¢ aBe pasnuyHu
KOHUeHTpauum (2 u 4 Tern.%). MNMonumepusaumnaTa e onucaHa Ha Cxema 1. MNonyyennTe
NONVMEPHW MaTpuUM Ca C pasnudHa rbCTOTa Ha Mpekara, B 3aBUCMMOCT OT
W3MNON3BaHOTO KOMUYECTBO OMPENBALL areHT.

CHy
o o
i
e \/\N»/\/\S\
X oo
o o

0,1mol% K,3,0,

R ——
H:C CHs ShISOQC
2% MBAA 4% MBAA
nce2 NCb4

Cxema 1: lNMonyyaBaHe Ha nonumepHuTe matpuuy ot MNCE.

ll.2. In situ omnazave Ha kKanuuesu dochamu e
mampuyume om [1CB:

Monyuyenute mpexwm ot MNCB Baxa notonexn s 0.6M pasteop Ha CaCl, aa 48
yaca. Cnej ToBa 6Axa M3MMTW U noToneHn B pa3teopu Ha K,HPO, ¢ ase paanuuuu
KoHUeHTpauvu —0.3M 1 0.03 M (Cxema 2).

48 vaca
0.6M CaCl, [———3
@
03Mm war®
“
0

Cxema 2: In situ oTnaraHe Ha kanuweswu cocdartu.

IV. PesyntaTtu u o6cbkaaHe:
IV.1. PasHosecHa cmeneH Ha Habb6eaHe (PCH) Ha
nonumepHume Mampuyu

Tabnuua 1: PCH Ha mpexute NCB

PaBHOBECHA CTENEH Ha
nPOBA Habwbaane

O"IaKBaHO, mpexata C no-rofaM  npoueHT
OMpexBall areHT WMa no-manka paBHOBECHA
creneH Ha HaGbOBaHe. ToBa ce AbMKKM Ha no-

n E H M T
HEER T ronAMara rbCTOTA Ha  MPEeXara, KOATO
HamansBa cnocoBHOCTTa Ha xuaporena Aa

ncs 4 1.0740.05 Habb6Ba.

IV.1. JuHamuyeH peonozu4yeH aHanus3

MoaynsT Ha enactuqHocT (ME) Ha xwBpuaHus
wmatepwan, nonyyeH ¢ 0.03M K,HPO,, e no-
HUCBK B cpaBHenwe ¢ MNCB2, nopaan Hann4meTo
Ha ceobogun Ca®* wu ClI  iioHw, KouTo
paspywasaT dwu3nyHata mpexa Ha [CB un
Hamanseat ME. XuBpugHuat  matepuan,
nonyyed ¢ 0.3M K,HPO, wuma ME, koiiTo e
3HAYUTENHO NMO-BUCOK B CPaBHEHWE C ApyruTe
ABe wscnepaBaHu npobu. Toea ce ALMKM Ha no-
ronAMOTO  KONMHYECTBO OTNOMEHU  KanLMesw
cocchatk, 3a KOMTO [OKAs3aTencreo e u
3HAYMTENHOTO NOMBTHABAHE.

=
2

Moayna enactimost G'[Pa]

- :!(252

= NCB2+CaP (p)
4 NC52+CaP (x)
R e N W T TR T T T

Yecrora [Hz]
@urypa 1: Peonornyxn CBORCTBa Ha
xuaporenosete Ha [CB2 1 geata
XuGpuaHW mateprana.

IV.2. UnppadepeeHa cniekmpockonus

871 Otnaraxeto Ha

1043 Kanuwesn
1

cdocatm BoaM A0 noseBata Ha
HOBU MBWL, XapakTepUCTUYHK 3a
TAX: wBMyata npu 871 cm’ ce
ABIMKKW  Ha HeCTeXVICIMETpW-IEH
xuppokcuanatut. Meuyarta, koaTto

4 871 = HPO, wecrexomerpimien HAP
A
1043 = PO,”  pecpopuanmonsio TpenTene

' v v > i

“r.w"w"‘““ e ce nosesea npu 1043 cm™? ce

i T

¥ L A ObMKM  HA  TpEnTeHeTo  Ha

Bpbakata P-O B rpynara PO,
nce2
NCE2+CaP (p)
+ ) 5=t
PG Ll TICE2+CaF {x) durypa 2: OTpaxarenHo-abcopSUmMoHHa

cnektpockonua Ha NCB2 u ABaTa XMOPUAHK
marepwana.

T T T T T T T J
500 1000 1500 2000 2500 3000 3500 4000

BLnHoBo uncno [em™]

IV.3. CkaHupauwia enekmpoHHa Mukpockonus (CEM) ¢

eHepauliHo ducrnepcuoHHa peHmaeHoea cnekmpockonus (E4X)

Yuctata wmpewa o1 [CB2 e
XOMOTEHHa W HE Ce OoTnu4asa ¢
thasoso pasgensme. 3a pasnuka oT
Hes, XVBPUAHUAT martepman,
nonyuex ¢ 0.3M K,HPQ, nputexasa
3BLPHECTA CTPYKTYpa.

Purypa 3: CEM Ha NCB2 n xubpuaHusaT
wmarepwan, nonyyex ¢ 0.3M K;HPO,

XWBPUAEH MaTepuar,
. nonys4et ¢ 0.3M K,HPQ,

Hanuuueto Ha oTnOXeHW Kanuuesu
dochatm  (KP) B  xubpugHute
matepuanu Ge pokasaHo ¢ EOX,
kaTo cbabpxaHWeTo Ha doctop e
BWAMMO MO-Manko npu no-Huckarta
M3nonagaHa  KOHUEHTpauus  Ha
K;HPO,
@urypa 4: CEM ¢ EQIX xubpuaxute matepuani
nonyyenn ¢ 0.03M u ¢ 0.3M K,HPO,

xuBpugeH matepwan, xuBpugeH matepuan,
nonyue ¢ 0.03M K,HPQO, nonyuer ¢ 0.3M K,HPO,
PaBHOMepHOTO pasnpepeneHue Ha
otnoxeHute K& B uenua obem Ha
NCBE matpuyata Be unCTpupaHo
cec  CEM-EOX. AnanusbsT e
HanpaBeH MO NVHWS, HanpeYHa Ha
pebenuHara Ha npo6ara.
Konuyectsoto Ha K e paBHoMepHo
B Uenua obem Ha xubpugHus
martepuan.

®urypa 5: CEM ¢ EX 3a xnGpuaeH
wmarepwan, nonyyen ¢ 0.3M K;HPQO,

V. U3Bopum:

1. CuHTeaupaHw ca HoBu xmBpuanu matepwanu Ha 6asarta Ha MNCBE v kanuyvesu
cochaTu.

2. In situ oTnoxeHwTe kanuwesw chocatn ca paBHOMEPHO AWCNEPrvMpaHn B
nonuMepHaTa MaTpuLa U BOAAT A0 YBENUYaBaHe Ha MOAYNa Ha enacTUYHOCT Ha
XMBpUAHWUA MaTepuan.

3. Teue wuacneageaHe Ha OWOCbLBMECTVMOCTTa Ha XuOPUAHWTE MaTepuanu oT
WEMNAM, BAH

BnaropgapHocTu: Paborarta e puHaHcmpaHa ot ®oHg HayuHu uscnegeanus, Jorosop Ne JOHIA-T02/5.
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