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Improving the water-repellent and antifungal properties of electrospun i 3}
cellulose acetate materials by decoration with ZnO nanoparticles e TR

Nasko Nachey'. Mariya Spasova', Nevena Manolova', lliya Rashkov' and Mladen Naydenov?
*Laboratory of Bloactive Polymers, Institute of Polymers, Bulgarian Academy of Sclences, bl 103A, BG-1113 Sofia, Buigara,
2pepartment of Microbiology, Agricuktural University, BG-4000 Plovadly, Bulgaria

In the recent years, slectrospinning 2 congidered as one of the most perspective and effective technologles for the fabrication of continuous
polymer fibers having micro- and nanoscale diameters and length reaching several meters. Cellulose acetate (CA) Is one of the most
Important esters of cellulose. The advantages of CA are Ifs low cosf, ease of solubliity In solvents suitable for electrospinning, faclie
production and wide variety of applications. ZnO Is nontoxic and exhibits photochemical and antibacterial activity. The alm of the present
ahndywntopmpaueloctroopunmtmanpommnmmmeﬂumoaeohbaulmmmmmmmnm

Folymerird
SUTHANLRNY

Celiulose acefate (CA) Polysthyiens glycol (PEG) Zinc oxide {ZnO)
Mn = 30 000 gimol Mr = 1,800-2,200 gimol

Zn0-in-CA Zn0-in-CA

x:410:000

£2.0.€6

151°£2.0°
CA mat ZnO-in-CA mat Zn0-on-CA mat ZnO powder l L

Antifungal activity

Zn0-on-CA mat

CA mat

ZnO-in-CA mat ZnO-on-CA mat =1 N B S et
2 theta angle (%)
Conclusion. CA fibrous materials and CA/ZnO hybrid materials have been successfully prepared by conjunction of
electrospinning and electrospraying techniques. It was found that the concentration of the splnnmg solubonslduspersuons
influenced the mof the obtained bers. The incorporation of ZnO mz)amd
superhydrophobic and a gal properties to -on-CA mats. Thesefeahresmdncateﬂuttheobtamedhyhd
materials could find application in agriculture for plant protection against adhesion and growth of pathogenic fungi.

Acknowledgement: Financial support from the Bulgartan National Sciencs Fund (Grant KP-06-OPR03/2)
is gratefully acknowlsdged.



TiO, Prospeétlve for Esca Tr’eatmé’ht

N. Stoanova, O. Stoilova, M. Spasov . Manolov#,
{d. Raskhov, M#Nayde :
$45 N Laboratory of Bioactive Polymers,*lnﬁﬂute of Polyme
: ulganan Academy of Sciences, A¢ad./,G. Bonchev St, bl. 103A,

Esca is a disease of grapevines that causes trunk damage and entire-plant wilting. Phaeomoniella
chlamydospora is one of the main fungi causing Esca. The aim of the present study was to obtain
eco-friendly materials with potential antifungal activity against P. chlamydospora based on
biodegradable and biocompatible poly(3-hydroxybutyrate) (PHB), nanosized TiO, (nanoTiO,), and
chitosan oligomers (COS).

Two types of fibrous materials based on PHB and nanoTiO, (anatase) were fabricated by electrospinning
alone or in conjunction with electrospraying.

TiO, powder
. 100 -
3 B
PHB z £ w0 TiO,-in-PHB
3 2 TiO,-on-PHB
T’“\Awm"“ £ g PH;
TiO,-in-PHB 60 4
) \'M'“Jr(f“' 40 4
TiO,-on-PHB
20 A
7,3%
0 T T T y d
r . . v r ; . 5 10 20 30 a0 50 60 70 80 o 200 400 6(:0 800 1000
4000 3500 3000 2500 2000 1500 1000 500 2 Theta, degree Temperature, °C

No interaction between PHB and nanoTiO, was detected in the FT-IR spectra of fibrous materials.
Characteristic diffraction peaks of TiO, (anatase) and PHB were detected in the XRD spectra. The residual
weight determined by TGA was close to the welght of T|O2 in the feed.

The higher roughness of the TiO,-in-PHB and T|02-on-PHB fibrous materials led to more difficult passage
of the conidia through them and resulted in a higher filtration efficiency compared to the PHB. The
TiO,-on-PHB fibrous material that contacted with P. chlamydospora during filtration experiment showed
complete inhibition of the growth of the fungi remaining in the flbrous material after the flltratlon

Filter of PHB PHE :

electrospun
fibers

A - zone inaccessible
for spores
B - filtration zone

comdla
" N
Duter 1.5-2 H{ﬁk

> A/

spasova@polymer.bas.bg g = eI Acknowledgements FlnanCIaI support from the Bulgarlan National

stoilova@polymer.bas.bg =& wemmant - Seience Fund (Grant KP-06-OPR03/2) is gratefully acknowledged.
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Preparation and characterization of novel fibrous materials from polylactide ..

and Schiff base derivative of Jeffamine ED® and 8-hydroxyquinoline-2-carbox- j’
aldehyde and its complex with Cu?* 4 ‘r?’os\‘rTrquEEE

M. Ignatova', N. Stoyanova', N. Manolova', |. Rashkov', R. Kukeva?, R. Stoyanova?
Laboratory of Bioactive Polymers, Institute of Polymers, Bulgarian Academy of Sciences, Akad. G. Bonchev St,
Bl. 103A, BG-1113 Sofia, Bulgaria; ZInstitute of General and Inorganic Chemistry, Bulgarian Academy of
Sciences, Akad. G. Bonchev St, Bl. 11, BG-1113 Sofia, Bulgaria

8-hydroxyquinoline and its derivatives are well known for their high antimicrobial, antioxidant and antitumor activity. It is
assumed that their biological activity is related to their chelating ability against transition metal ions (Cu?*, Fe?*, Fe3*, etc.)
of biological importance. The incorporation of these biologically active compounds in electrospun non-woven textile can
impart favorable biological properties to the textile. The present study is aimed at the preparation of fibrous mats of
polylactide (PLA) containing a Schiff base from Jeffamine ED® and 8-hydroxyquinoline-2-carboxaldehyde (Jeff-8Q) or its
complex with Cu?* (Jeff-8Q.Cu?*) of various designs by applying one-pot electrospinning or electrospinning combined with
dip-coating. The coordination of Cu?* in Jeff-8Q.Cu?* -containing fibrous materials was studied by EPR spectroscopy.

Schematic representation of fibers

-
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EPR spectra of EPR spectra of Schematic representation of coordination
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The EPR spectrum of type “in” mat consisted of at least two overlapped signals - a broad signal (180 K-295 K)
and a low intensive signal appeared at weak magnetic fields (blue line). The EPR spectrum of type “on” mat
contained only one slightly asymmetric signal with a g-factor and line width, which matched those observed
at type “in” mat.

CONCLUSIONS: For the first time Jeff-8Q- or Jeff-8Q.Cu?*-containing fibrous materials of various design were prepared. To
achieve this, one-pot electrospinning or combining electrospinning and dip-coating were applied. The performed EPR
analyses showed intra- and intermolecular coordination of Cu?* with O- and N-atoms of Jeffamine moieties of the fibers. In
Jeff-8Q.Cu?*/inPLA mats the 8Q moieties bridged Cu?* ions into dimeric [Cu?*-8Q] complexes. In the case of type “on” mats

only the coordination of Cu?* ions with Jeff in Jeff-8Q chains of the fibers was evidenced. Shialla?
R . R i ; ignatova@polymer.bas.bg
Acknowledgements: Financial support from the Bulgarian National Science Fund nstoyanova@polymer.bas.bg

(Grant KP-06-N39/13/2019) is kindly acknowledged. manlovearolymer bas by
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/v':""-:\ NOVEL POLYMERIC NANOSIZED SYSTEMS CONTAINING BIOLOGICALLY,»S.

/i . % ACTIVE COMPOUNDS: PREPARATION AND ANTIOXIDANT ACTIVITY |
) S. Kyuchyuk, N. Stoyanova, M. Ignatova, N. Manolova, I. Rashkov

Laboratory of Bioactive Polymers, Institute of Polymers, Bulgarian Academy of Sciences
Akad. G. Bonchev St, Bl. 103A, BG-1113 Sofia, Bulgaria

Aims: To prepare polymeric nanosized systems (electrospun nanofibers and nanoparticles)
containing biologically active compounds (Schiff base from Jeffamine ED® and 8-
hydroxyquinoline-2-carboxaldehyde (Jeff-8Q), its complex with Cu?* (Jeff-8Q.Cu?*) and
berberine chloride (Brb)) with antioxidant activity. To explore the effect of the composition of
the obtained nanosized materials on their antioxidant properties.

Preparation and antioxidant activity of Jeff-8Q- and Jeff-8Q.Cu?*-containing fibrous materials

SEM micrographs In vitro release profiles Antioxidant activity
type "in” (one-pot electrospinning) PBS (pH 7.4), 37 °C - N | \[ i
: 100 N = ‘t
) 9 L B -
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CONCLUSIONS: Novel Jeff-8Q- or Jeff-8Q.Cu?*-containing nanofibrous materials and Brb-containing nanoparticles were
prepared. The Brb incorporated in the Brb/PMA (PAA) NPs was in the amorphous state, which is favorable for use as a
drug dosage form. It was found that the in vitro release of Jeff-8Q (Jeff-8Q.Cu?*) from the type “on” mats was more rapid
than that of the type “in” mats. The Brb release profile was pH-dependent. Jeff-8Q-, Jeff-8Q.Cu?*- and Brb-containing
nanosized materials displayed high antioxidant activity. Al

selin.erdinch@polymer.bas.bg
& 2 X ” ! nstoyanova@polymer.bas.bg
.{el (\[0) )R]l VIS Financial support from the Bulgarian National Science Fund ignatova@polymer.bas.bg

rashkov@polymer.bas.bg
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PREPARATION OF MIXED MESOGLOBULES FROM CATIONIC
TERMORESPONSIVE COPOLYMERS

Siyka Stoilova!, Karolina Ivanova!, Emi Haladjova2, Natalia Toncheva-Moncheva2, Stanislav Rangelov?

1 - Faculty of Pharmacy, Medical University of Sofia, 2 Dunav St., 1000 Sofia, Bulgaria
2 - Institute of Polymers, Bulgarian Academia of Science, Acad. G.Bonchev St. bl. 103-A, 1113 Sofia, Bulgaria

INTRODUCTION

Mesoglobules are colloidally stable and typically nanosized particles which are formed in dilute aqueous solution of thermosensitive polymers upon heating above certain
critical temperature. These particles are of considerable terest for drug and gene delivery. Whereas the scientific literature for mesoglobules prepared from copolymers
comprising thermosensitive moieties is huge, only few studies for preparation of mixed mesoglobules are present.

In this contribution we report on the preparation and physicochemical characterization of mixed mesoglobules obtained from two cationic thermosensitive polymers.
Positively charged mesoglobules of different compositions were prepared by applying two heating protocols - gradual and abrupt heating. Their properties were investigated by
dynamic and electrophoretic light scattering.

COPOLYMERS

Copolymers comprising thermoresponsive moieties based on PNIPAM or

H,C«{-\L.\' /—\/E‘nn\(\ . /\/’:}OH PIPOX and hydrophilic cationic moieties based on PLL or PEI were used.
n

PNIPAM and PIPOX are structural isomers, therefore, we expected their

0—¢ mixing during aggregation. The PLL and PEI moieties of copolymers were 5
J expected to provide positive charges of the particles. \N"J
H
1’ on Copolymer Code Mn | Cationic content,
g/mol %
PNIPAm-PEG-PLL;, PLL37 20 800 30 oG g i ral ok et gyeol)
poly(N-isopropylacrylamide)-graft-poly(ethylene glycol)-
poly(2-isopropyl-2-oxazoline)-ran-polyethylenimine PNIPAmPEGPLL, | PLLIO | 15200 10 (L
. PIPOX.PEL PEI 7300 50 bpoly{lysing)
PIPOX-PEI e ! PNIPAm-PEG-PLL

PREPARATION OF MIXED MESOGLOBULES

Mixtures from PLL and PEI based copolymers were used in three weight ratios: 70/30, 50/50 and 30/70. The aqueous solutions of the mixtures were prepared at a 0.5 g.Li!
total concentration. The solutions were kept at 4 °C prior to use. The behavior of neat polymers was investigated for comparison. Two heating rate protocols (gradual and
abrupt) were used. Gradual heating was performed as the copolymer solutions as well as their mixture were heated from 20 to 80 °C with heating rate of 5 °C/min. The phase
transition was followed by the changes in the scattering intensity and respectively by the hydrodynamic diameter, Dy, of the aggregates. Abrupt heating was achieved as the
copolymer solutions were abruptly heated at 70 °C. The formation of mixed mesoglobules was evaluated from the size distribution curves and I potental values.

Gradual heating Abrupt heating
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r CONCLUSION

The ability of PNIPAm-PEG-PLL and PIPOX-PEI termoresponsive copolymers to form cationic mixed mesoglobules was investigated. When gradual heating was
applied the particle dimensions were found to increase with temperature for PLL10/PEI mixtures at all of the investigated ratios. In contrast, when PLL37 was used
changes in D;, was observed only at the 30/70 weight ratio. In addition, upon abrupt heating PLL37/PEI mixtures exhibited bimodal size distributions with the first
maximum close to that of pure PLL37. On the contrary, PLL10/PEI mixtures resulted in monomodal size distributions with dimensions different from those of pure
mesoglobules indicating successful mixing of both copolymers. The decrease of { potential with PEI content was another indication for formation of mixed
mesoglobules of PLL10 and PEL The resulting cationic mixed mesoglobules presumably possessed a mixture of primary and secondary amines on their surface,

therefore, they were considered promising as gene delivery vehicles.
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MIXED MESOGLOBULES AS PLATFORMS FOR DNA CONDENSATION
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INTRODUCTION

Polyplexes are promising non-viral gene delivery systems. The polyplex formation is based on electrostatic interactions between synthetic polymers
or polymer particles and DNA. A necessary prerequisite for the polymer partner is the presence of positively charged groups in the polymer chain such
as amino groups. However, the type of the amino group (primary, secondary, tertiary) has been found to be essential for DNA/polymer interactions as
well as for further biological relevance of the resulting complexes. The primary amino groups are known to possess high binding affinity and to form
stable complexes with DNA, but they are usually associated with high toxicity. The secondary and tertiary amines are able to protonate to varying
degrees depending on the pH of the medium and are responsible for the successful endosomal escape and transfection efficiency.

In this work positively charged mixed mesoglobules were used as platforms for DNA condensation. They were formed from poly(N-
isopropylacrylamide)-graft-poly(ethylene glycol)-b-poly(L-lysine), PNIPAm-PEG-PLL, and poly(2-isopropyl-2-oxazoline)-ran-polyethylenimine, PIPOX-PEI,
copolymers upon heating at temperatures well above the transition temperatures of the thermosensitive moieties. The mixed composition of
mesoglobules ensured different primary to secondary amine ratios that could be important for the whole process of DNA binding, delivery, and release.
The complexation ability of mixed mesoglobules was investigated by dynamic and electrophoretic light scattering.

¥ MIXED MESOGLOBULES '

Mesoglobules were formed from PNIPAm-PEG-PLL and PIPOX-PEI cationic polymers
containing thermoresponsive moieties at three different weight ratios: 70/30, 50/50 and
30/70. They were prepared at total concentration of 0.5 mg/ml by abrupt heating

S A PLL 43 314 -

protocol a A % .

The molecular characteristics of the copolymers were as follows: :g:g :gg 2287' 146 23.'160
PNIPAm-PEG-PLL denoted as PLL, Mn=15 200 g/mol, cationic content 10 wt%; 30:70 115 24'7 1:14
PIPOX-PEI denoted as PEI, Mn=7 300 g/mol, cationic content 50 wt%. * s :

PEI 235 18.4 -
g BINDING OF DNA 4

Polyplexes were prepared by drop-wise addition of appropriate amounts of water solution of DNA (salmon testes, 2000 bp) into a heated at 70 °C
aqueous dispersion of the mixed mesoglobules, under stirring. The DNA initial concentrations was 0.1 mg/ml. Polyplexes at N/P ratios in the range of 1
to 10 were prepared. The size and { potential of the systems were firstly determined at 60 °C and then after cooling to 25 °C.
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L CONCLUSION

Positively charged mixed mesoglobules formed from PNIPAm-PEG-PLL and PIPOX-PEI copolymers were used for DNA condensation. They differed by
composition as well as by primary to secondary amine ratio. Mesoglobules formed from pure copolymers were used as references. Polyplexes based on
pure PLL precipitated at N/P=1. At N/P>1 the complexes were positively charged ({(=18+3 mV ) of size ca. 200 nm independently from temperature.
Similar dimensions were determined for polyplexes formed from pure PEI at 60 °C. In contrast, they were strongly negative independently from the N/P
ratio and started to increase in size and even to precipitate upon cooling. The variations of Dy, and { potential were completely different when mixed
mesoglobules were used for complexation. Precipitation was detected at 50/50 and 30/70 compositions and the precipitation area shifted to higher N/P
ratios with increasing PEI content. In general, the dimensions were smaller than those of the polyplexes prepared from the pure copolymer
mesoglobules and without tending to increase upon cooling to 25°C. The { potential of all systems exhibited the typical sigmoidal curve pattern with
values changing from negative to positive upon increasing N/P. In conclusion, important physicochemical parameters of the polyplex particles can be
controlled by varying the composition of the mixed mesoglobules. Evaluation of their biological performance is the next goal of this study.
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Introduction —

Sreprm)

Spherical nucleic acids (SNAs) are nanostructures composed of
inorganic or organic cores to the surface of which highly oriented
oligonucleotide strands are covalently attached thus forming a dense

layer. The three-dimensional architecture of these structures gives rise "7/ , Seeded radical
to specific properties of SNAs that are different from those of their °°p°'ymmz°lﬂ°" : ODN=.
linear nucleic acid counterparts and are of great interest. - heryic manomer, & 3 55,45

Herein, we employ a novel synthetic approach for preparation of
SNAs with hybrid lipid/polymer cores. The approach involves three steps: £ /
(i) generation of a liposomal core, (ii) coating the core with a cross-linked g

BIS65°C, 3 5h

polymeric shell, and (iii) grafting of the shell with oligonucleotide strands. Liposome Polymer coated SNA with
liposome L lipid/polymer core ,/
Preparation of liposomal cores Il Future goal _I
Lipid Code Structure Catoms | T,,°C
1,2-dipalmitoyl-sn-glycero- | DPPC /\M/\/\/\/\) o 16 41 Liposomes were prepared by freeze-thawing
3-phosphachaline \/‘\./‘\/“\/‘\./\/\/\I«f\q °'§‘°v‘~w: and extrusion of aqueous dispersions of the two
12-distearoyl-snglycero- | DSPC . & 55 lipids dlffer‘mg. by T Cholesterol was used as a
3-phosphocholine /‘-AA\/\/\/\/\/\)LQ/\{\D_H_D\/\ ) membrane stabilizing agent.
MMAAWG 1 & ']‘.‘*
Q

The size and { potential of liposomes were determined by  '™] 25°C 1 DPPC " pspc ﬂ | 25°C
dynamic and electrophoretic light scattering at 25 and 65 °C. The w1 65°C A | E m f‘ esc
=
size of the DPPC based liposomes was around 125 nm while that of 5;5" / | \\ " f ‘|‘
DSPC was larger (ca. 190 nm). Increasing the temperature results E‘“ k I g / | ‘
in a slight increase of particles size. All liposomes were negatively S \ . 2 / |
charged . i ¢ potential = 18,7 mV’ o cpotential =172 mv B ’ |
50 100 150 200 250 50 100 150 200 250
. 3 D, nm D, nm
Coating of liposomal cores
Liposomes | Coating| D,%% °¢ | D,25 °¢|Z potential 25°¢ Shell I/M
The coating of liposomes was achieved by seeded radical nm nm mV thickness, | ratio
N ) . . nm
copolymerization of an acrylic monomer (N-isopropylacrylamide, oA 229 | 157 172 365 01
NIPAM, or 2-Hydroxyethylmethacrylate, HEMA) and NN- oPpC 266 | 165 201 55 03
methylenbisacrylamide used as a cross-linking agent, initiated by 2,2'- HEMA 169 | 146 210 7 01
azobis(2-methylpropionamidine) dihydrochloride. The polymer shell 182 155 -19.1 13 03
thickness was controlled by the initiator to monomer (I/M) molar ratio. T = AR AdTe A i R
L . . iposomes | Coating| Dy, W potentia e
Indications for the successful coating of liposomes were the " m mV thickness, | ratio
increase of particle size and the change of the initial T potential value. nm
The formation of a polymer layer on the liposomal surface was detected NIPAM 323 | 530 -24 67 0.1
spectrophotometrically by the appearance of characteristic absorption DSPC 460 | 910 21 135 03
262 | 298 -13.8 36.5 0.1
bands of NIPAM and HEMA at around 230 nm.
f HEMA 373 | 2a1 196 25 | 03
Conclusions o0 )
—— DPPC liposomes : :"E"'j;m;::;:s ¢ \'\ r
A new strategy for preparation of SNAs with hybrid lipid/polymer 7ﬁg@r;ﬁ:‘! & liposomes at 65 °C ; ! I‘I
I
cores was proposed. The obtained liposomes were of small size, narrow g *® 604 \ ‘
size distribution and negative T potential. Polymer layers based on 5 %m / f \
= o
NIPAM or HEMA were successfully formed on the liposomal surface. g £ ,] v "
The presence of polymer coating was proved by UV absorption, dynamic < _“ff_::}‘\:‘ﬁ J JJU
— 0 J S
and electrophoretic light scattering analysis. 00
200 225 250 275 300 325 350 o 50 100 150 200 250
D,, nm

Future goals

v Grafting of the polymer shell with short oligonuclectide strands.
v Physicochemical characterization of the resulting structures.

v Biological evaluation of the novel SNAs with hybrid lipid/polymer cores.

Wavelenght, nm
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