Novel Polymer Materials Based on Polyelectrolyte Complexes between N-
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Potential Biomedical Application
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Aim: To prepare novel materials based on polyelectrolyte complexes (PECs) between the derivative of the natural polysaccharide
chitosan (N-carboxyethylchitosan) and (quaternized) PDMAEMA, and to demonstrate some of their potential applications.
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The PEC formation leads to a decrease of the inherent antibacterial
activity of (quaternized) PDMAEMA. At pH<6 the complexes
disintegrate and (quaternized) PDMAEMA exhibits its antibacterial activity.

Water-insoluble CECh/PDMAEMA complex is formed in a
narrow pH range around 7.
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The partial or complete quaternization of the amino groups in the (Quaternized) PDMAEMA and CECh decrease the red blood cell and
case of PDMAEMAQ50 and PDMAEMAQ100 allows PEC formation platelet counts after 30-min incubation of polymer samples in
with CECh both in neutral and alkaline medium. whole blood. The crosslinking of CECh improves its
0.25- 0.30- haemocompatibility.
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The complex formation reduces the
toxicity of the polymer partners to the blood cells. Red
blood cells with preserved morphology and no platelets
are observed on the surface of the complexes by SEM.

Conclusion: Novel materials based on (net-)CECh/(quaternized) PDMAEMA PECs have been prepared and their potential
application as antibacterial and haemostatic agents has been demonstrated.
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Goal

Stabilized micelles/aggregates formed from amphiphilic copolymers with a hydrofobic poly(styrene-r-diene) (PS-co-PD) and hydrophylic
poly(glycidol) (PG) blocks.

1. Synthesis

Anionic polymerization
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2. Micellization in different organic solvents. SEM analyses

3. Turbidity measurements
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5. Stabilization of aggregates by UV

4. Role of water additive
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Conclusion
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UMH

To synthesize novel well-defined amphiphilic poly(D-lactide)-b-poly(N,N-dimethylamino-2-ethyl methacrylate (PDLA-b-PDMAEMA)
and poly(L-lactide)-b-poly(N,N-dimethylamino-2-ethyl methacrylate) (PLLA-b-PDMAEMA) copolymers and to form a stereocomplex.

mIm

INTRODUCTION

Poly(lactide)s (PLA) are biodegradable, biocompatible aliphatic
polyesters, nontoxic to the human body, produced from
annually renewable resources. Optically active PLLA and PDLA §
homopolyesters are able to form stereocomplex. 3
Stereocomplexes are characterized by higher physical and : g | "
chemical stabilities. The presence of an ionogenic block enables e <M. A ——— Y
further modification of the polymer backbone to be performed. A exoinVoura C eseva -
very promising approach for imparting antibacterial,

haemostatic and anticancer properties to the surface of PLA-

based materials is its modification with PDMAEMA chains.
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SEC of A. PDLA-b-PDMAEMA (dashed line) and PDLA-Br macroinitiator
(solid line) and B. PLLA-b-PDMAEMA (dashed line) and PLLA-Br
macroinitiator (solid line).

Thermal analyses

Synthesis strategy : .
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CONCLUSION
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Table 1. Macromolecular characteristics of PLA-b-PDMAEMA
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Poly (lactic acid) (PLA) is biodegradable aliphatic polyester derived from renewable resources that has ga
applications from an environmental standpoint. The development of commercial applicatiol om PLA
degradation rates of PLA depend on their morphology and crystallinity. One approach to imp!

The aim of this work is thus to analyze the nanostructure and the structure /property relationsl

Materials and experimental procedure

Granulated PLA has been a commercial product of the Biomer (Krailling-Germany) with the tradena
chosen as the clay for the nanocomposites. Cloisite 30B organoclay and PLA were dry under vacuum
blending process was carried out in brabender mixer at 190°C and 50rpm for 20 min. The mixed nanoc

Results and Discussion

Fig.1 shows the DSC resluts of PLA/MMT nanocomposites. Heat of cold crystallization AH, decreases with incre

of melting AH, reflecting total crystallinity of the sample shows maximum for PLA-5. The sum of these two values
Glass transition temperature T, is slightly higher for neat PLA, which indicates that its chains are more closely packe
temperature of cold crystallization 7. The melting endotherm of neat PLA shows single maximum reflecting uniform
maxima or humps pointing to multimodal distribution of lamellae.
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Similarly to the first runs, the highest heat of cold crystallization AH,, wa: o tensive cold crys
for PLA/MMT 1 wt.%. If we assume that the samples after the first heatii +AH, + AH, sho
positive deviations. Possible explanation could be as follows: On melting nized composite
reheating. However, some chains still remain partially trapped in the col of this slow
and is not detected by DSC. It is also possible that the two-minute or comple
Most probable is combination of both these factors.
To glass transition temperatures in the second runs applies the sa
run show two peaks (or main peak and a hump) indicating bimod

PLAMMT 0. wi%

Fig.2 shows the DSC cooling results of PLA/MMT nanocomposites.
BH,, of PLA/MMT 1 wt.% — its concentration of MMT is probabl
reach the glassy state. No trend was found in peak temperature
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INTRUDUCTION

A new carbon-carbon double bond formation reaction, namely the carbonyl-olefin metathesis (COM),
was discovered at the Institute of Polymers, BAS". There is a formal similarity between the general
schemes of this reaction and the olefin metathesis (OM): one carbon atom in the scheme of OM is
replaced with an oxygen atom (Sch. 1)
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Scheme 1

General Question: Is

EXPERIMENTAL RESULTS

»Experimental conditions: t =90C,7=3h, monomer- Benzil, comonomer — Styrene,
catalyst - WClg ,solvent- Chlorbenzene

Yield insoluble
Monomer: Comonomer:

Analyses of insoluble products obtained via
copolymerization of benzil with styrene

The new reaction is performed successfully only when the two functional groups belong to one
molecule and are conjugated. The molecules of the substituted propenones (chalcones) are up to
this requirement.

In this case the COM is a propagation step of a polycondensation reaction (Sch.2). The result of
this polycondensation process is a substituted polyacetylene (Sch.3).
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Method of addin; art in EtOH
Catalyst (Molar radio) s P )
1 0211 Styre.ne is added drop wise after the R
solution became red
Styrene is added drop wise after the
2 0:2:0 o -
solution become red
i ise aft hi
3 0:2:0,1 Styre.ne is added drop wise after the 0.086
solution become red
St is added di ise after th
o AT el ledtedldioplwiselatterihe —
solution became red
i ise aft hi
5 124 Styre‘ne is added drop wise after the 0.200
solution became red
6 1201 Styrene is ad.ded drop wise after the 0.265
solution became red
7 H23) The reactants are mixure all at once 0.180

IR spectra of unsoluble products
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WHAT DOES THE LITERATURE SAY?

PHENYL ACETYLENE STYRENE (T Masuda and T. Hugashimira,
Macromolecules, 12,9-12(1979).

WClI, as effective catalyst for polymerization of phenylacetilene
proceed s by coordination (metathesis) mechanism. On the other hand
WCl, has been know as a Lewis acid. For example, it can catalyze the
cationic polymerization of styrene. Coordination and cationic
polymerization proceed simulations in WCI,- catalyzed co-
polymerization of phenylacetylene with styrene and that formed
polymerization gives poly(phenylacetylene) and the letter a copolymer
of styrene with phenylacetylene

(1978)).

IR spectum of
polystyrene
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ALUMINUMHYDRIDE AND SOME TUNGSTEN AND
MOLYBDENUM CARBONYLS. (Y.Fujivara, 8R.Ishikawa, F.
Akijama, and S. Reranishi, J. Org. Chemistry, 43, 2477-2480

WCl, + reductant —3m WX (lower valent)

PhC=—=0 +WX—3» XW—C

I e
o

3

M,-1900

1500

wavenumber cm -1

2000 1000

Jossifov,Eur. Polymer. J. 43, 883-885 (1998)

We have succeeded unprecedentedly to carry out reductive
coupling polymerization of the conjugated dicarbonyl
compound benzyl ender the influence of the Friedel-Crafts
matathesis catalytic system WCI6 + AICI3. In this case the
H quantity of the transition metal compound is less than the
quantity of the Ti reagent used forMcMury reaction. The very
new moment here is the absence of reducing agent.

IR-spectra of polydiphenylacetylene
with  carbonyl end groups,

CONCLUSION: [netsad of COM WCL, promoetss other reactions ( hemo- and co-polymerization of styrene and benzil )
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Teamuuhd CTABATHOGY o oo o ONITIOSVITW
Rtara 2 RO RNy nann NONNSTNE WA

HanoKOMIO3HTHTE ca MOTyYeHH IPH CMECBAHE B CTONMMJIKA HA eHH OT CJIeJHHTE
NOJMMepH ¢ KJIei - OpranuyHo MoAu(GHIMPaH MOHTMOPUIOHHT - Kinonsut 15A
Mommepu: Ana Teopeuesa Ienesa-Cmosnosa
CbIoInMepH HA eTHJIEH ¢ AKPHIIOBA KHCeJINHA

C'l)llOJlH)lep CTHJICH-IVIMNUIWIMEeTAKPUJIaT

IMosieTn/IeH BUCOKA IIbTHOCT NnpHucaJaeH ¢ MAJTCHHOB aHXHAPHI

BIIMA ce u3noJ/i3Ba KaTo CbBMeCTHUTEJ 32 nmoayyaBaHe HA HAHOKOMIIO3UTH Ha
0a3aTa Ha MOJIMETH/IEH BUCOKA IJIbTHOCT.

TT, ATT B uneptHa atmocdepa

OT KpHBHTE Ca ONpeJieJIeHH ClIeIHNTe KHHETHYHH NIAapaMeTpu:
s Tsgs , CTeneH Ha npespbinane npu 450°C, K /%/mun/, E /kJ/mol/
Meton Ha HH(JIeKCHATA TOYKA:
=nRT,?(do/dT), (1-a,)",
KbJIETO Il € HHAEKC XapaKTepU3HpaLl TeMIepaTypaTa, NpH KosiTo
cpuecrByBa Makcumym do/dT, T.e. d>a/dT? =0

EAK BIIMA e onpejiesien cniopes ypasuennero na Joiin: n'1" = (1-a,)

AHATH3BT HA KHHETHYHHTE NapaMeTpH
HAa HeH30TepMUYHA AeCTPYKIHUsl HA Npo0uTe
B a3oTHa aTMmocdepa NOTBLPAM, He
HeHaNlbJIHEHUTe MPOo0H ca TePMHYHO I10-
CTa0MJIHH OT HANbJIHEHHTE.
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CcTa0MIHOCT € MO-CHJIHO H3pa3eHo npu
mpodouTe ¢  MO-roJsiMa  CTemeH  Ha
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Bendamustine - Polyphosphoesters

Delivery Systems
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Summary: Novel water soluble polymer complexes of bendamustine hydrochloride, a bifunctional X . — . . -
alkylating agent with antimetabolic and cytotoxic activity, was developed using a biodegradable polymer Introduction: Many investigations in cross- and inter- discipline areas have been focused to
carriers — poly(oxyethylene H- phosphonate) (1), poly(methyloxyethylene phosphate) (2) and create therapeutic strategies and concepts for current life - threatening diseases. Polymer chemists
poly(hydroxyoxyethylene phosphate) (3). The structure of the complexes formed is elucidated by 'H, 13C, have been actively involved in designing polymer materials to overcome some major problems in
31P NMR and FT-IR spectroscopy. Bendamustine hydrochloride was immobilized onto cancer therapy, such as: the toxic side effects of the drugs upon the normal cells, the duration of
polyphosphoesters via covalent, ionic and hydrogen boning. The chemical stability of bendamustine drug action, the resistance to the medication, protection of the patient's immune system, etc.
hydrochloride in the novel complexes was studied by HPLC analysis. The results from the HPLC indicate Polymers with repeating phosphoester bonds in the backbone are structurally versatile, and
that in neutral (pH 7) media bendamustine hydrochloride in the polymer complexes is more stable than biodegradable through hydrolysis and possibly enzymatic digestion at the phosphoester linkages
the pure substance. In vitro tests on KE-37 human leukemic cells displayed a significant increase under physiological conditions. These biodegradable polymers are appealing for biological and
(particularly in the low concentration range) of the antineoplastic effect of bendamustine after pharmaceutical applications because of their potential biocompatibility and similarity to bio-
immobilization, a promising feature that may promote application impact. macromolecules such as nucleic acids. The poly(oxyethylene phosphonate)s and poly(oxyethylene
phosphate)s are members of the polyphosphoester family. They are especially attractive materials
due to the relative easiness of their preparation from commercially available building blocks (PEGs),
AIM: To prepare efficacious water-soluble polymer complexes of bendamustine the variety of_molegulgr wgights and number of reactive centers attainable, and the relatively narrow
through immobilization of the drug onto polyphosphoesters used as polymer carriers molecular weight distributionsiofithelpelve SIHIESIEE]

Results: 1. Bendamustine-polyphosphoester delivery systems

Synthesis of the polymer carriers (Scheme 1): Immobilization of bendamustine hydrochloride onto polyphosphoesters (Scheme 1):
Polymer 1 — the precursor poly(oxyethylene H-phosphonate) was obtained via polytransesterification of Product 4 - Bendamustine hydrochloride ‘1'V351'3mnl?b'|'zed onto polymer 1 using Atherton -
dimethyl H-phosphonate with PEG 600.The number average molecular weight of POEPh of 7200 g/mol was Todd reaction conditions (Scheme 1). IR, 'H, ™*C, *'P NMR spectroscopic data confirmed
calculated using 'H and 3'P NMR data. the structure of the reaction product 4. Bendamustine was attached to the polyphosphoester
Polymer 2 - poly(methyloxyethylene phosphate) was obtained from Polymer 1 and methanol via the via covalent bond. ) ) ) o )
Atherton-Todd reaction Product 5 - Bendamustine hydrochloride was immobilized onto polymer 2 via hydrogen
Polymer 3 - poly(hydroxyoxyethylene phosphate) was obtained from Polymer 1 and water via the Atherton- bonding between the strongly polar phosphoryl (P=0) groups in the carrier phosphoester
Todd reaction segments and drug carboxylic groups.
Product 6 - Bendamustine hydrochloride was immobilized onto polymer 3 via electrostatic
Scheme 1. Reaction pathway used for preparing the drug-polymer systems interactions yielding salt structures.

[e]

” The composition and structures of the carriers and drug-polymer systems were analysed

P. 0. or. 0 using 'H, '3C, 3'P NMR and FTIR spectroscopies.
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L| n | n Results: 2. Chemical stability of bendamustine hydrochloride
o)
BMHCl 2 3 A comparative HPLC study on the chemical stability of bendamustine hydrochloride immobilized
+BM.HCI +BM.HCI onto polyphosphoester carriers and in non-immobilized form in aqueous solution at pH 7 has been

performed for the first time. The HPLC method was validated in respect of the main analytical
parameters such as selectivity, repeatability, limit of detection, limit of quantitation and linearity. The

o]
B o !:! o concentration profiles undoubtedly display improved stability of bendamustine hydrochloride after
\\O \\0 immobilization. The favorable effect of the polymer carrier on drug stability could be explained with
1 1
OH. BM.HCI

polymer - drug interactions affording protection to the bioactive agent against hydrolytic

OCHg 5 n n degradation.
Results: 3. Cytotoxic efficacy of the bendamustine-polyphosphoester systems 70+
Bendamustine hydrochloride alone exerted concentration dependent cytotoxic efficacy against KE-37 leukemia cells (Fig. 2) with an IC g, Log A
value between 50 and 100 pM after 72 h of incubation. Immobilization of bendamustine onto polyphosphoesters induced cytotoxic effect, 6.5
which was greater in the all of three studied polymer-drug complexes than that of bendamustine itself. Moreover, the bounded drug exerted
enhanced cytotoxic effect in the lower concentration range — about 2 fold increase at equivalent concentration of 25-50 pM. A parallel MTT 601
assay on the same cells was performed with the polymer carriers. They caused a slight cytotoxic effect and did not display any significant el
decrease in cell viability even at high concentrations.
120 5.0
2 In conclusion: Data about the antineoplastic effect in vitro indicate a Azl
100 pronounced increase of bendamustine activity after immobilization. The
—w 3 augmented efficacy of the polymer conjugates could be made clear by a0y
E better membrane transfer or polymer mediated endocytosis.The 55 BN
o8 BMHCI concentration profiles undoubtedly display higher stability of 0 10 20 30 40 50 60 70 80
§ bendamustine hydrochloride after immobilization compared to the non- WD)
e immobilized drug. The obtained experimental data and their analysis A enenustine hydrochioride:
. ) \7 could contr_ibute i_n the future investigation on th_e mechfanism of brodUcts: product & at pH 7.
bendamustine action and could have a practical impact in terms of a

0 manageable hydrolytic profile of the drug. Y References
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Introduction: Synthesis of functional and reactive polymers is one of the intensive research areas of polymer
science [1]. Polymers with highly reactive groups are attractive materials for bio-medical applications due to
possibility polymer conjugates of bioactive molecules, drugs and biopharmaceuticals to be obtained under mild
reaction conditions [2]. Polymers with phosphoester (P-O-C) repeating linkages in the backbone are particularly
interesting in drug delivery research because of their biocompatibility and structural similarity to natural
biomacromolecules like nucleic acids [3]. The biodegradability of these polyphosphoesters is induced by
hydrolysis or enzymatic scission of the ester bonds leading to harmless low molecular weight products.
Poly(alkylene H-phosphonate)s are polymers with defined structure [4]. Macromolecules are built up of alkylene
blocks linked by phosphoester groups and strictly alternating reactive sites that can be used to attach desired
Increasing attention has been paid to polymers bearing five-membered cyclic carbonate
functionalities in the side chain [5]. The 1,3-dioxolan- 2-one ring displays high chemo-selective reactivity towards

compounds.

New functional polyphosphoesters

Anita Bogomilova, Neli Koseva, Kolio Troev

Bulgarian Academy of Sciences Institute of Polymers, Sofia, Bulgaria

aliphatic amines and can be applied for immobilization of drugs, enzymes, cells onto polymers bearing 1,3-

dioxolan-2-one moieties

To this end: 1) the precursor poly(oxyethylene H-phosphonate) was modified
via addition of the polymer P—H groups to the vinyl group of the
cyclic carbonate derivative or applying the Atherton - Todd reaction
yielding methyl phosphate moieties (P—OCHy).

2) the aminolysis of the 1,3-dioxolan-2-one rings afforded a polyphosphoester

bearing hydroxyurethane fragments in the side chains. Different compounds such

as peroxides, KF and Cdl, were studied as a promoters of the addition reaction of P-H
groups to the vinyl group of 4-ethenyl-1,3-dioxolan-2-one. The reaction proceeded with
satisfactory yield in the presence of tert-butyl peroxybenzoate

Aim: synthesis and structure elucidation of novel multifunctional polyphosphoesters bearing P-H or P-OCH, groups in the main
chain and 1,3-dioxolan-2-one rings or hydroxyurethane fragments attached to the polymer backbone through a P-C bond.

Results and discussion

1) Synthesis and characterization of poly(oxyethylene H-| phosphonate) 1
ification reaction of

Poly(oxyethylene H-phosphonate) 1 was via

dimethyl H-phosphonate with poly(ethylene glycol) with number average molecular weight 600 g/mol
(PEG 600). The analyses of *H, 13C and 3P NMR spectra of polymer 1 confirm the structure suggested in
the Scheme 1. The number average molecular weight (Mn) of the polymer product 1 of Mn = 13 500
g/mol was obtained on the basis of the *H and 3!P NMR spectral data. GPC measurements confirmed

independently the polymer character of 1 displaying good correlation with the NMR data.

110°C- 140°C

o
/U 4/\/ >\
13mCH 07/ NocHy + mHO
H

Two separate runs of the addition reaction were performed !!!

2) Synthesis of polyphosphoester bearing fivemembered cyclic carbonate and P— H groups, 2

The homolytic addition of the P-H groups of polymer 1 to the double C=C bond of

4-ethenyl-1,3-dioxolan- 2-one was carried out under the following experimental conditions:
(i) equimolar ratio of the H-phosphonate groups in the polymer to the vinyl carbonate

(ii) tert-butyl peroxybenzoate as initiartor
(iii) a reaction temperature 130 °C &

Il
CHz0—P—0—R

o)
I

Nl

[¢]

T -2mCHOH | .
In the first one (Experiment 1) - the monomer and the initiator were dissolved in toluene and added drop-wise
for a period of 4 h. The reaction system was under slow flow of inert gas. The reaction was carried out at 130 °C for a
total reaction time of 5 h. The isolated product was analyzed by NMR spectroscopy to determine the conversion of
® the H-phosphonate groups in polymer 1 into phosphonate ones bearing ethylene-1,3-dioxolan-2-one moieties. In the R = (CH,CH;0);,CH,CH;
i H NMR spectrum (Fig. 1) of the main product obtained under the reaction conditions of Experiment 1 new signals
Il o flocrs appeared in the region 1.40-2.03 ppm, which can be attributed to the hydrogen atoms in the PCH,CH, segment
cugo”/ o v <« | formed by the addition of the P—H groups in the polymer to the vinyl groups in the cyclic carbonate derivative
H i I molecules. Moreover, the signals for the hydrogens from the CH,=CH- group of 4-ethenyl-1,3-dioxolan-2-one in the o o
region 5. ppm disappeared. The rest of the signals corresponding to protons in the backbone or in the
A 5.4-5.9 ppm di d. Th f the I o he backb he [ ]
carbonate cycles in the side chains of the modified polymer are also present in the spectrum. CH3O—P—0—R O—P—o—R
o 0
HaCH)
160°C - 185°C | /n II ( 2 S (CH C|
0.1 mmH P- /Q\/o o. R s w
g cuo”/ Do ¥ 013\\OCH3 o 0__0 d
- (CH:0),P(O)H H || Jn (3 ! Fig. 1 'H NMR spectrum
o of polymer 2 (Experiment 1) o]
n>y
(H20)
o 1 [
J @ /H @ L‘ Direct evidence for the formation of the new P — C bond in the
cho”/ o > V\D}/ AN P-CH,CH, fragment were the two doublets that appear in the
I Jn 13 13C{H} NMR spectrum of 2 (Fig. 2) at 20.65 ppm with coupling
o | constant 1 , ¢, = 144.30 Hz assigned to P~CH, and at 27.11
I ppm with 23’ ¢, = 4.9 Hz attributed to the other carbon atom in
the P — CH,CH, group. The signals at 72.39 ppm, 71.04 ppm
Scheme 1. Reaction pathway used for preparing the poly(oxyethylene H-phosphonate) l and 154.60 ppm correspond to the carbon atoms in the 1,3-
‘ i1 dioxolan-2-one ring (Fig. 2)
el

In the second run (Experiment 2) the addition reaction was carried out in a closed glass
reactor and a solvent with higher boiling point was used, i.e. p-xylene. The monomer - initiator
solution was added in three portions at intervals of 1 h. Prior the addition of the following
portion of the monomer - initiator solution a sample of the reaction mixture was withdrawn for
GPC -analysis. The chromatograms of the starting polymer and those of the products at
different stages of the reaction are given in Fig. 3

4

#E{e‘d WA

~

[

The mole fraction of the end monoester — P(H)OH groups increased
in comparison with the starting polymer 1 implying chain breakdown.
A value of Mn = 3 000 g/mol was calculated on the basis of the

spectral data. GPC analysis of the product also evidenced decrease
of the molecular weight Mn = 2 000 g/mol and increase of the

™

(o)

n

Scheme 2. Reaction pathway used for
preparing the polyphosphoester bearing
fivemembered cyclic carbonate and P-H
groups - polymer 2

[e]
Il
CgHsCOOOC(CH:
0—P—0—RH-0—P—0H + CHy==cH —eHsCO00C(CH3),
T=130°C
OTO
o]
[e]
I 1l
0—P—0—RTO0—P—OH =<———

z g

Fig. 2. 3C{H} NMR spectrum of polymer 2

4) Synthesis of polyphosphoester bearing hydroxyurethane and P-H groups, polymer 4

1 polydispersity Mw/Mn = 3.33.
1 (130 °C)
\ The change in the reaction conditions favored the isolation of higher
E2(1h) molecular weight polymer — Mn = 8 400 g/mol and Mw/Mn = 1.62, in
E2(2h) comparison with the product obtained under the conditions of
i 1§ Experiment 1. This result was also evidenced by the spectroscopic
i E2(3h) data. In the 1P NMR spectrum of the product just a slight increase in
1 \ the content of chain end groups was observed. A value of Mn = 7800
. \ g/mol was calculated
The experimental efforts were extended and the addition reaction was carried out in the
presence of other catalysts i.e. NaOCH,, Cdl,and KF that could promote different reaction
: mechanism rather than free radical process. Unfortunately, none of the catalysts studied
-, promoted the formation of the desired product. Insufficient yield was also obtained when
i A, " benzoyl peroxide was used as initiator in the attempt to decrease the reaction temperature
Fig. 3. GPC traces of: 1 - starting H 1(130°C) — The interaction of the 2 with at room
proceeded through aminolysis of the cyclic carbonate residues and afforded a

H-phosphonate) after melting at 130 °C,

and of the reaction mixture of 4-ethenyl-1,3-dioxolan-2-one and 1 under the conditions of Experiment 2

E2(1 h) - after 1 h reaction time
E2(2h) - after 2 h reaction time
E2(3h) - after 3 h reaction time

3) Synthesis of a polyphosphoester bearing cyclic carbonate and methoxy
groups — polymer 3 via transformation of P— H groups in polymer 2 into P-OCH,

using Atherton — Todd reaction

4, bearing and P-H groups (Scheme 4). In the IR

spectrum of polymer 4 (Fig. 4) the absorption band at 1798 cm * for the C=0 group of the
and the new absorption band at 1712 cm - can be assigned to

the C=0 group of the urethane group. The absorption band at 3347 cm - can be assigned to
the OH groups in the hydroxyurelhane fragments that were formed in the result of the
interaction of 1, rings in with The OH
and P-H groups of polymer 4 are reactive groups and determme possubmnes of 4 to react with
isocyanates, esters, anhydrides, aldehydes, ketones and Schiff bases.

H
o 0 o 0 |
Il Il Il Il The P—H groups in the polymer 2 can be feasibly |
CH30—P—0—R1-0—P—0—R110—P—0—RT0—P—OH converted into P-OCH, groups at room temperature |
applying the Atherton—Todd reaction. At the first stage
CH,CH, CHCH, ~M H z P—H groups of 2 were converted into P-Cl which at the i
second stage reacted with methanol o yield polymer 3
)—\ 2 The newly synthesized polyphosphoester 3
0.0 0. .0 possesses two reactive functional groups — the
T T carbonate cycle and the methoxy group. The carbon
g 4 ccl atom in the latter is an electrophilic centre able to /
N(CoHs)s Eavllwkc\;‘:a:le in alkylation of amw'nes au:}hm a - rj
ealkylation reaction, i.e. reaction with metal salts or
R = (CH;CH;0)12CH,CH, CHy0H nydmygeu chlorides. Both reactions can be used to |||
convert the polymer into a polyanion or to attach !
bioactive substances via ionic bond. The carbonate I[
(o] o [o] o cycle can react with amines imparting new
I I I I functioanality. |
CHgO—lP—O—R 0—P—0—R10 —P—0—RT0—P—OH f’
z
CH,CH, CH,CH, OCH3 OCH3 -y ey
o6 m Scheme 3. Reaction pathway used for preparing Virverumbes ot
0_ 0
bearing cyclic and methoxy

groups — polymer 3

i

In conclusion:

It was demonstrated that a common precursor polymer can be transformed into three different p
the main structure and composition of the backbone, new functional groups were incorporated into the macromolecules. These polymers possess common

Fig. 4. IR spectrum of 4. The IR spectrum of 4-ethenyl-1,3-dioxolan-2-
one in the region 2000~1200 cm L is presented
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Scheme 4. Aminolysis of the cyclic carbonate residues at polymer 2
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INTRODUCTION

Liposomes are spherical, self-closed structures, composed of a lipid bilayer, which
enclose a part of the surrounding water phase into their interior. Owing to their
amphiphilic character, with hydrophobic bilayer and hydrophilic inner core, the
liposomes have been considered to be well fitted to encapsulate and deliver a wide
variety of therapeutic and diagnostic agents. The development of sterically-stabilized
liposomes which are characterized by prolonged circulation time and bypassing the RES
sequestration has increased considerably the popularity of liposomes as drug carriers.
The steric stabilization is achieved by incorporation of polymer-derivatized
phospholipids into the lipid bilayer, whereby PEG is the most extensively used polymer.
A critical parameter for the steric stabilization is the maximum amount of PEG-lipids
that can be incorporated into the phospholipid bilayer without the latter being damaged.
In the present contribution we use a new selection of copolymers to study their ability to
sterically stabilize dipalmitoylphosphatidylcholine  (DPPC):  Cholesterol (Chol)
liposomes as well as the performance of the latter as anticancer drug carriers. The
copolymers are based on PEG and comprise different numbers, from 1 to 4, of lipid-
mimetic anchors, which are schematically presented in Figure 1, and different PEG chain
lengths, from 52 to 115 ethylene oxide (EO) units (Table 1).

7

anchors: 1,3-didod cy-
oxy-2-glycidyl-glycerol (DDGG) (b).

Table 1. Composition and nominal molecular weights of the polymer species.

Copolymer composition Nominal molecular weight

2715
4475
6028
6952

DDP(EO),,
DDP(EO),,
(DDGG),(EO),35
(DDGG)4(EO) 14

EXPERIMENTAL METHODS

The phospholipids utilized in this study were purchased from Sigma Co. The
copolymers were prepared according to procedures described in detail elsewhere
(Rangelov St., et al, Macromolecules,35,4770-4778). Liposomes were prepared by
hydration of a dry film cast from chloroform of DPPC, cholesterol and a copolymer
in a chosen ratio. The resulting dispersions were subjected to eight freeze-thaw
cycles and extruded 30 times through polycarbonate filters of pore size 100 nm. The
final concentration was adjusted to 1.0 mM. Particle size and particles size
distribution were determined on the DLS setup consisting of a 488 nm Ar ion laser
and the detector optics with an ITT FW 130 photomultiplier and ALV-PM-AD
amplifier-discriminator connected to an ALV-5000 autocorrelator built into a
computer. Measurements were made at an angle of 90° and temperature 37°C. Cryo-
TEM observations were conducted on a Zeiss EM 902 A instrument operating at 80
kV. The pharmacokinetics of the selected liposomal formulations was evaluated
after i.v. injection of vesicles in Wister rats. Selected liposomal formulation were
loaded with mitoxantrone hydrochoride and the loading efficiency as a function of
copolymer composition and content was investigated. The cytotoxic activity of
liposomal vs. free mitoxantrone was tested in a panel of human tumor cell lines using
the MTT-dye reduction assay.

RESULTS AND DISCUSSION

& The utilized method of liposomal preparation is known to yield unilamellar
liposomes with mean diameter of about 150 nm.

B Within the copolymer to DPPC ratios studied, the size distributions were
monomodal for all tested formulations (fig.2).

& The size of the liposomes stabilized by copolymers containing one lipid-
mimetic anchor per chain is found to decrease upon increasing the content of
the copolymer intercalated in the liposome membrane, whereas that of
liposomes stabilized by copolymers bearing more than one lipid-mimetic
anchors is less affected (fig. 3a and 3b).

& The structural investigations carried out by cryo-TEM reveal formation of
well-separated, intact, and predominantly spherical liposomes at lower
copolymer contents up to 7.5 mol %. At a certain content, which is dependent
on the copolymer composition, formation of openings in the bilayer membranes
and discs is observed. A fraction of non-spherical, “flat” liposomes is formed
upon the incorporation of copolymers containing short blocks of lipid-mimetic
anchors at contents 7.5 mol % and above (fig.4), and by considering a large
number of images their dimensions were estimated to ca. high 60nm + 11nm,
length 175nm + 19nm and width 163nm + 24nm.

& The pharmacokinetic study of DPPC liposomes plain or sterically stabilized
with 5 mol % of conventional PEG-lipid DSPE-PEG2000 or (DDGG),(EQ),,,
shows that vesicles stabilized with copolymer bearing four lipid mimetic units
are characterized with better pharmacokinetic parameters (tabl. 2 and tabl. 3)
and longer circulation life time (fig.5) as compared with plain liposomes and
liposomes stabilized with conventional PEG-lipid.

al b c

Fig. 4 Cryo-TEM images of samples based on DPPC:Chol at molar ratio 2:1 stabilized by (DDGG),(EO); and
(DDGG)(EO),4: @) 2.5 mol % (DDGG),(EO),,4 b) 7.5 mol % (DDGG)L(EO),sand c) 7.5 mol % (DDGG)(EO),;, Arrow

shows “flat liposome” in face- on position and arrow head shows ‘flat liposome in edge-on position. Bars = 200nm

invivo application in

Parameter

Non
coated

Intensity

diameter (nm)

100 200
Diameter (nm)

0 2 1 6 8 10
copolymer content (mol 96)

DSPE-
PEG2000
(5 mol%)

(DDGG),(EQ),,

(5 mol%)

AUC, (%
dose.h/ml)

842,12

1336,42 1786,13

Fig. 5. Blood concentration vs. time

MRT (h)

31

318 43,9

curves of DPPC:Chol lipoliposomal
formulatins following i.v. injection in

Lz (hY)

0,031 0,022

\

rats: non-coated (open squares), coated

Tip®

22,7 30,25

with 5 mol % DSPE-PEG2000 (circles)

50 Vd (ml)

19 1,61

and (DDGG) (EO),,, (diamonds). Each

20 3
Time (h) data point represents the arithmetic

Clp (mlth)

mean +S.D. (n=3)

Table 3. Organ distribution of liposomes 48 h after injection

Formulation

0,058 0,037

% of initial dose recovered at 48" h post-injection

Liver
+ Spleen

Liver Spleen

Lung

Kidney

Non-coated 10 + 33 6,0+ 0,4 160+ 3,0

03+ 01

08+ 0,0

DSPE-PEG2000 98 +29 37+ 10 135+ 0,0

04+ 01

07+01

(DDGG),(EO),,, 54432 48+14 | 102+ 40

05+01

CONCLUSION

06+ 01

On the ground of our experimental results we can conclude that the present copolymers are
promising candidates for steric stabilization of DPPC liposomes. We show that the copolymer
condition the formation of DPPC liposomes, which are stable at physiological conditions. Exellent
blood circulation time and abillity to avoid excessive accumulation in the RES organs were

MTT-assay after 72 h exposure of acute
myeloid leukemia HL-60 cells

MTT-assay after 72 h exposure of
chronic myeloid leukemia K-562 cells

MTT-assay after 72 h exposure of
blader cancer cell line MGH-UL

achieved with liposomes stabillized with copolymer bearing four lipid mimetic anchor.

Liposomal mitoxantrone inhibited the growth of human malignant cells in vitro, whereby the
dose-response curves where shifted to higher concentrations as compared to those of the free drug.
This is an outcome of the sustained release of mitoxantrone from the liposomes.

The increase of the exposure period is consistent with more pronounced cytotoxicity, especially
in case of the liposomaly-entrapped drug. Actually 120 h post treatment the ICg, and 1Cg, end-
point values of liposomal mitoxantrone were comparable or even lower than those of the free drug
at the shorter treatment period (fig. 6).
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MTT-assay after 120 h exposure of
chronic myeloid leukemia K-562 cells

MTT-assay after 120 h exposure of
acute myeloid leukemia HL-60 cells
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NEW APPROACH FOR PREPARATION OF MEMBRANES FOR FUEL CELLS, COMPRISING

POLYBENZIMIDAZOL WITH GRAFTED POLYVINYLPHOSPHONIC ACID CHAINS
D. Budurova, St. Shenkov, V. Sinigersky

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

Summary Preparation of thin films from modified PBls
A new method for the preparation of polybenzimidazole (PBI) based membranes, containing very Procedure:
high concentrations of immobilized phosphonic acid groups, has been developed. The procedure Casting a film from the reaction solution on a glass plate (doctor blade, gap 0.4-0.8 mm)
used is carried out in two steps: 1) Preparation of films from modified PBls, containing 1,2- Drying in air, removing from the substrate, boiling in water
hydroxypropyl groups 2) Introduction of vinylphosphonic acid (VPhA) and initiator (cerium Smooth, homogeneous, flexible films, thickness: 30 - 80 ym
ammonium nitrate) in the film, subsequent grafting of VPhA starting from the active sights on the B = - -

PBI backbone. The procedure is very easy to perform - no specialized equipment is required. All
materials used are commercially available. Membranes of big area and very good quality have been
prepared.

Introduction Il. Preparation of membranes, consisting of PBI-graft-PVPhA

Membranes, containing coval_e ntly bonded phosphonic acid groups (POSH,), are gxpected to be_ Objective: Starting from thin films of modified PBI to prepare membranes, consisting of PBI with
able to transport protons at higher temperatures and lower humidity. The synthesis and properties grafted polyvinylphosphonic acid chains onto it

of P_EEKS with grafted polyvinylphosphonic acid chains, havg l_)een recently reported [1]. A very easy and effective swelling procedure for introducing vinylphosphonic acid and initiator
During the last years IP BAS and BASF Fuel Cell GmbH have jointly developed membranes, {NH,)Ce(NO3)¢ (CAN) has been developed

conta_mmg water m_solul_)le -PO3H2_groups A polybenzmldazolg containing cro_s,s-lmked L First stage: Swelling in a bath containing VPhA and H;0. The starting film increases its dimensions
polyvinylphosphonic acid (EU Project Autobrane) and PBIs with grafted polyvinylphosphonic acid up to 100% and its weight up to 1500%.

chains [2]. Here we present a new improved procedure for the preparation of such membranes. Second stage: Introducing initiator in the swollen film obtained in the first stage.

Third stage: Grafting was performed in the swollen membrane by heat treatment.

X . Parameters varied:
Grafting of vinyl monomers - content of -OH groups in the starting PBI film (modified PBls with DM=3-40 have been used)

- concentration of: monomer, co-solvent, initiator
- temperatures and time of swelling and grafting

Selective generation of radicals on polymers, containing hydroxyalkyl groups (cellulose, starch, Membranes of excellent quality have been prepared (Tab.1)
PVA) by oxidation with metal ions like Co®*, Ce*, Mn®*, V5* and Fe*. Radical polymerization can be
started from these active sites. Tab.1 Membranes prepared
Advantages: Relatively low amount of homopolymer is formed during the reaction. Starting material Grafted membrane
The reaction proceeds nicely at acidic condition in the presence of water. R (Degree of modification) weight ratio PVPhA:PBI
/\/T\/\ " . ’CH 5 <‘:H ]n—— PBI MGAS5 (3%) 0,70:1+1,80:1
e NN 7R PBI MGAS (10%) 0,85:1 < 2,30:1
OH OH —_— OH T T
PBI MGA9 (20%) 1,34:1+2,75:1
PBI MGA7 (40%) 1,80:1 + 3,60:1

Two-stage process: Degree of grafting - determination

Stage 1 - Synthesis of macroinitiators — modified PBIs, containing 1,2-hydroxypropyl groups 1. Gravimetrically-The membrane was thoroughly washed in water and dried. Weight uptake
towards the weight of the starting film was calculated.
2. From H NMR data - calculation of:
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