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IC50 value (µM)aCells
line 1 2 3 4 5 Cisplatin

LAMA-84b 39.9 251.9 > 400.0 71.2 119.4 18.2

K-562b 29.9 212.9 352.9 22.9 42.4 25.7 

HL-60c > 400.0 > 400.0 163.4 74.8 > 400.0 7.8 

HL-60/Doxc,d 68.6 226.1 190.0 115.2 107.2 14.5 

Table 1. Comparative cytotoxic activity of compounds 2-6 vs. cis - DDP in a panel of 
tumor cell lines after 72 h (MTT-dye reduction assay).

ABSTRACT INTRODUCTION
Aminophosphonic acid derivatives constitute an important class of 

organophosphorus compounds on account of their versatile biological activity. The 
generally low mammalian toxicity of these compounds makes them attractive for use in 
agriculture and medicine. Numerous of them possess antifungal, pesticidal, herbicidal 
and plant growth regulatory activity and are of particular interest for agrochemistry.   
Aminophosphonic acids are structural analogues of natural α-aminocarboxylic acids, 
and have been found to act as inhibitors of specific enzymes as HIV protease, 
thrombin and human collagenaze, and to suppress the growth of various tumors and 
viruses.[4] Moreover, some aminophosphonic acids inhibit bone resorption, delay the 
progression of bone metastases, exert direct cytostatic effects on a variety of human 
tumor cells and have found clinical application in the treatment of bone disorders and 
cancer.[5] Polymeric aminophosphonate analogues are used as bone seeking 
radiopharmaceuticals. 
Among the numerous synthetic approaches to aminophosphonates, the addition of 
dialkyl phosphites to Schiff bases in the presence of sodium alkoxide and Lewis acids 
is the most convenient procedure. 

The novel α-aminophosphonic acid diesters - N,N-dimethyl-
[N’-methyl(diethoxyphosphonyl)-(2-furyl)]-1,3-diaminopropane (4),
p-[N-methyl(dietoxyphosphonyl)-(2-furyl)]toluidine (5) and p-[N-
methyl(diethoxyphosphonyl)-(4-dimethylaminophenyl)]toluidine (6), were synthesized 
through addition of diethyl phosphite to the azomethine bond of the Schiff bases N,N-
dimethyl-N’-furfurylidene1,3diaminopropane (1), N-furfurylidene-ptoluidine (2) and N-(4 -
dimethylaminobenzylidene)- p-toluidine (3), according to the Scheme 1. 

The reaction was carried out using NaOC2H5 and CdI2 as catalysts, as well as without 
catalyst. The addition of the phosphite to the Schiff bases was controlled by IR 
spectroscopy. In the presence of the catalysts the aminophosphonates 4 - 6 were obtained 
in good yields for 3 h, while in the absence of catalyst the reaction time was longer – up to 
8 h. The products 4 and 5 are oils and 6 is crystalline solid. They are soluble in methanol, 
ethanol, benzene, chloroform. 

The Schiff bases 2 and 3 and the aminophosphonates 4-6 were assessed for 
cytotoxicity against a panel of cell lines representative for some important types of human 
leukemia including the multidrug-resistant model HL-60/Dox. All compounds exerted 
concentration - dependent antiproliferative effects after 72 h exposure which enabled the 
construction of concentration-response curves and the calculation of the corresponding IC50
values summarized in Table 1.

As evident from the cytotoxicity data the Schiff base 2 and the corresponding 
aminophosphonate derivative 5 proved to be the most potent cytotoxic agents, 
which implies that the presence of both furyl- and N-tolyl moieties is an important 
prerequisite for optimal activity for these compounds. All tested compounds were 
generaly less active as compared to the referent anticancer drug cisplatin, 
although compound 5 showed superior activity against K-562 cells.

The level of internucleosomal DNA fragmentation, a key feature of apoptotoic cell 
death after 24 h treatment with varying concentrations of the newly synthesized 
aminophosohonate compound 5 is presented in Figure 1. 

As evident from the results obtained, the 
exposure of LAMA-84 with the tested 
agent evoked concentration-dependent 
increase of the proportion of apoptotic 
cells as evidenced by the enrichment of 
cytosole with oligonucleosomal DNA-
fragments. These data unambiguosly
indicate that the induction of apoptosis 
plays crucial role in the cytotoxic mode of 
action of the aminophosphonates under 
investigation.

The starting Schiff bases 2 and 3 and the α-aminophosphonates 4 - 6 were evaluated 
for cytotoxicity against 4 human leukemic cell lines, including the multi-drug resistant 
model HL-60/Dox. 

The cytotoxicity data obtained revealed that the Schiff base 2 and the corresponding 
aminophosphonate 5 provided to be  the most potent cytotoxic agents among the tested 
compounds.

It implies that the presence of both furyl and N-tolyl moieties is an important 
prerequisite for optimal activity in these substances. 

The studied compounds were far less active as compared to the referent anticancer 
drug cisplatin, except the aminophosphonate 5, which effect towards K-562 cell line was 
comparable with the referent. 

The Schiff bases 2 and 3 and aminophosphonate 6 failed to exert any significant 
antiproliferative effects against the sensitive cell line HL-60. 

The ability of these compounds to selectively inhibit MRP-1 expressing HL-60/Dox 
indicates that they could be considered as promising leads for further development of 
agents active in chemotherapy refractory malignant disease.

The compound was shown to induce oligonucleosomal DNA fragmentation which 
implies that the induction of cell death through apoptosis plays an important role for its 
cytotoxicity mode of action.

Taken together the biological data give us reason to consider the presented Schiff 
bases and α-aminophosphonates as a novel class of antiproliferative agents. The 
observed collateral sensitivity of multi-drug resistant cancer cell lines and the 
established activity of a representative compound to trigger apoptosis at sub-cytotoxic
levels suggest that these compounds necessitate further more detailed pharmacological 
evaluation.

CONCLUSION

Pharmacology

References:

[1]    I. Kraicheva, Iv. Tsacheva, K. Troev, Bulg. Chem. Commun., 2008, 40, 54.
[2]    I. Kraicheva, P. Finocchiaro, S. Failla, Phosphorus, Sulfur, and Silicon, 2004, 179,
2345.
[3]    E. Naydenova, M. Topashka-Ancheva, P. Todorov, Ts. Yordanova, K. Troev,     
Bioorganic & Medicinal Chemistry, 2006, 14, 2190.
[4]    E. Naydenova, K. Troev, M. Topashka-Ancheva, G. Hägele, I. Ivanov, A. Krill, Amino 
Acids, 2007, 33, 695.
[5]    D. M. Mizrahi, T. Waner, Y. Segall, Phosphorus, Sulfur and Silicon, 2001, 173, 1.

Chemistry

E-mail: anitabogomilova@abv.bg
http://www.polymer.bas.bg/

The synthesized compounds 4 - 6 gave 
satisfactory elemental analyses, and 
their molecular structure was confirmed 
by IR and 1H, 13C and 31P NMR 
spectroscopy

The IR spectra of 4 – 6 showed the 
expected absorption bands at        
3375-3306 and 1250 -1239 cm-1, 
which are attributed to NH and P=O 
stretching vibrations, respectively

Figure 1
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The synthesis of three novel α-aminophosphonic acid diesters N,N-dimethyl-[N’-
methyl(diethoxyphosphonyl)-(2-furyl)]-1,3-diaminopropane,p-[N-
methyl(diethoxyphosphonyl) -(2-furyl)]toluidine and p-[N-methyl(diethoxyphosphonyl)-
(4-dimethylaminophenyl)]toluidine through an addition of diethyl phosphite to N,N-
dimethyl-N’-furfurylidene-1,3-diaminopropane, N-furfurylidene-p-toluidine and N-(4-
dimethylaminobenzylidene)-p-toluidine, respectively, are reported.[1] The α-
aminophosphonates have been characterized by elemental analysis, IR and NMR (1H, 
13C  and 31P) spectra. [2] The pharmacological importance and utility of 
aminophosphonate derivatives have stimulated extensive studies on various aspects 
of their chemistry and biochemistry: synthetic routes, structural and spectral 
characterization and evaluation of their biological property.[3] The compounds were 
tested for antiproliferative effects against 4 human leukemic cell lines, namely LAMA-
84, K-562 (chronic myeloid leukemias), HL-60 (acute promyelocyte leukemia) and HL-
60/Dox (multi-drug resistant sub-line, characterized by overexpression of MRP-1 
(ABC-C1)) and were found to exert concentration dependent cytotoxic effects. A 
representative aminophosphonate compound was shown to induce oligonucleosomal
DNA fragmentation which implies that the induction of cell death
through apoptosis plays important role for its cytotoxicity mode of action. 
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2.Стратегия

2.1. Получаване на биохибридни гелове

Фигура 1. Схематично представяне на процеса на имобилизиране на ензима уреаза в
носители от поли (2-хидроксиетил метакрилат) (пХЕМА) :  а – разтвор на уреаза (1,5 
мг/мл);      б – имобилизиране на ензимните молекули в пХЕМА криогел;  в – биохибриден
гел

Фигура 2. Схематично представяне на процеса на обвиване на биохибридните ядра от
пХЕМА криогел с обвивка от поли (етиленов оксид) (ПЕО) хидрогел.

2.3. Морфология на получените
гелове

2.2. Получаване на хибриден гел от вида ядро-обвивка

1.Увод
Уреазите са широко разпространени в природата ензими, които катализират хидролизата на урея до амоняк и въглеродна
киселина. Тези ензими намират приложение като биосензори в медицината, хранително-вкусовата промичленост, строителство
и др. За да се оптимизира използването им е необходимо да бъдат имобилизирани. 
Настоящото изследване представя изработването на оригинален метод за нековалентно имобилизиране на уреазата и
ефективността му на задържане.

3. Резултати

• Макропорестите криогелове са подходящи за имобилизиране на биообекти, благодарение на тяхната инертност, висока порьозност и
големина на кухините.
• Намерени са условия, при които обвивката от ПЕО-хидрогел успешно задържа ензимните молекули имобилизирани в ядрата от пХЕМА
кригел, като осигурява свободно дифундиране на субстрата и крайния продукт на реакцията.
• Получените хибридни гелове могат да се използват като индикатори за замърсяване на водни проби с тежки метали.
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Фигура 4. Ефективност на задържане на уреаза
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Introduction

Interpenetrating polymer network (IPN) is an assembly of interpenetrating networks of two crosslinked polymers, which could have or not chemical interaction, but at least one of them is

synthesized and crosslinked in presence of the other [1]. If only one component of the assembly is crosslinked, the system is termed as a semi IPN. Depending on the synthetic approach,

nature of the components and many other factors, IPN can be classified into defferent categories. Generally this is a suitable combination of crosslinked polymer whith another polymer in

linear or crosslinked (network) form. These materials exhibit specific properties as improved solvent resistance, high water uptake, good thermal and mechanical properties, etc.

The direct methanol fuel cells (DMFCs) are promising energy conversion devices due to their high energy efficiency, stable and simple operating conditions at a relatively low temperature,

and no requirement of fuel reforming process [2-3]. The proton exchange membrane (PEM) is one of the most important components in DMFC. The PEMs with high proton conductivity have

huge potential in DMFC applications. The main aim of this study is to obtain the PEMs with high proton conductivity and low methanol diffusion coefficient for DMFC applications. To

achieve this objective two acids - the cheap and easily available 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS) and vinylphosphonic acid (VPhA) were introduced into the PBI

matrix. By introducing AMPS/VPhA the proton conductivity of membrane would be improved greatly due to the superior ability of sulfonic acid /phosphonic acid groups originated from

AMPS /VPhA in supporting proton conduction. By crosslinking, the water swelling and methanol diffusion could be restricted and stability of membranes can be enhanced owing to the

formation of compact network structure.

Preparation of s-IPNs- membranes containing water insoluble phosphonic and sulfonic acid groups

2. Membranes, prepared by polymerization/crosslinking of VPhA/ AMPS in 

a porous PBI film

Mixture containing 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS) , 2,2’-Azobis

(methylpropionamidine) as initiator system, trimethilolpropan-tri(vinylphosphonic

acid)ester as crosslinking agent and water were stirred continuously until a transparent

solution was obtained. Then porous PBI film was immersed in the solution for 2 hs.

In this way the water in the porous film is replaced by the reagents of the mixture.

The resulting film was placed on a glass substrate and dried in vacuum. The

polymerization was carried out thermally for several hours.

Parameters varied:

-Bath composition: (monomer- 10-25 wt.-%; initiator-0,5-1,5 wt.-%;

crosslinking agent- 1-3 wt.-%)

-Polymerization/crosslinking conditions-(time and temperature)

Applying this procedure dense and homogeneous membranes of good quality with

PBI/water insoluble crosslinked acid weight ratio from 1:1,2 to 1:3,2 were prepared.

1. Membranes, prepared by polymerization /crosslinking of VPhA in a

porous PBI film 

Mixture containing VPhA, 2,2’-Azobis( methylpropionamidine) a initiator system,

triallyl-s-triazine-2,4,6 a crosslinking agent and water were stirred continuously until

a transparent solution was obtained. Then porous PBI film was immersed in the solution

for 2 hs.

In this way the water in the porous film was replaced by the reagents of the mixture.

The resulting film was placed on a glass substrate and dried in vacuum. The

polymerization was carried out by UV irradiation.

Parameters varied:

- Bath composition: (monomer- 60-90 wt.-%; initiator-0,5-3 wt.-%;

crosslinking agent- 2-5 wt.-%)

- Polymerization/Crosslinking conditions-(irradiation time and temperature)

Applying this procedure dense and homogeneous membranes of good quality with

PBI/water insoluble crosslinked acid ratio from 1:2 to 1:3,5 were prepared.

Preparation of porous PBI films

Preparation of  porous PBI films from a dry PBI  foil
A dry PBI foil (cast from dimethylacetamide solution) was swollen in a bath containing 70-85% phosphoric acid.  

After achieving the desired degree of swelling, the film was washed in deionized water. In this way a porous

PBI membrane, containing up to 60 wt.-% water can be prepared.

Parameters varied:

- Bath composition 

- Conditions of  swelling (time, temperature)

- Weight uptake - up to 1000% (usually 300-900%)

Preparation of  porous PBI films from phosphoric acid doped  PBI ( Celtec P ® membrane- trade mark of BASF FC)
The membrane is calandered to the desired thickness(100-200 µm) and was washed in deionized water. The result is porous film 

containing up to 80 wt.-% water.

Parameters varied: 

- Film thickness

- Water content

The present s-IPNs are prepared using a two step simultaneous technique: the polyacids are  synthesized in situ from the monomers (VPhA, AMPS) and simultaneously crosslinked within

the PBI matrix.
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Proton conductivity and mechanical properties measurements  as well as long term stability determination are in progress.

Conclusion: Membranes based on PBI were modified by the introduction of crosslinked PVPhA and crosslinked PVPhA/PAMPS  which were prepared by in situ  polymerization.  The additional 

acid groups into the PBI should increase the proton conductivity and  decrease the methanol permeability. It is believed that semi-IPNs could be a good material for DMFC. 
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Abstract
In this study we look for: quantify the state of cure by different techniques (chemical; mechanical; thermal; spectroscopic); Comparison among the used experimental methods for measuring state of cure is made by choosing the following criteria:
destructivity, need of specific sample geometry, reversion detection, error and timing; validating the numerical simulation with experimental results.; validating the numerical simulation with experimental results. As a first step test sheets were obtained from
tested rubber-based compound. Different methods (DSC, NMR, mass swelling, tensile test, compression set test, relaxation, hardness, shear stress) were used to quantify the state of cure experimentally. The same techniques were applied for obtaining the
state of cure in a thick part obtained from the tested compound. Then the results for the thick part were correlated with the results for the test sheets obtained by rheometer. Finally is made a comparison among the used methods by several criteria. Also
numerical data obtained for evolution of state of cure in the thick part is compared by special software with the experimental data.

Introduction
The state of cure at the end of rubber parts moulding determines the essential of the parts properties [1]. Rubber material mainly consists of long polymer chains. In the uncured state, under mechanical stress, relative chains sliding is possible: the material
has a plastic behaviour. After vulcanization, in the cured state, a three-dimentional chains network is created. Chemical cross-links between the chains prevent them from relative sliding : the material has an elastic behaviour [2]. There is, therefore, a strong
dependence of the mechanical properties with the cross-link density during the vulcanization process [2].

B. Bluemich [3] uses NMR and swelling methods for determining the cross-link density. In his study he observes that with increasing curing time, cross-link density increases as the cross- linking reaction proceeds leading to a decrease in T2 and the
degree of swelling. Some rubber types show reversion, i.e. a decrease in the shear modulus at high curing times due to chain scission starting to dominate cross- linking. For measuring the state of cure Richard J. Pazur [4] uses in his study several
methods- NMR, tension test, swelling method, compression set and hardness tests. In our study we use a great number of methods (DSC, NMR, mass swelling, tensile test, compression set test, relaxation, hardness, shear stress) for measuring the state of
cure distribution in elastomeric matrix composites. El Labban et all [5] have developed a simulation tool that predicts and controls the temperature and the state of cure distribution within thin-section rubber parts. The heat transfer model was experimentally
validated. The curing kinetic model was validated qualitatively by the location of vulcanization front (dividing the surface between vulcanized and unvulcanized materials). The purpose of the present paper is: to quantify the state of cure by different
techniques (chemical; mechanical; thermal; spectroscopic); to compare the used experimental methods for measuring state of cure by choosing the following criteria: destructivity, need of specific sample geometry, reversion detection, error and timing; to
validate the numerical simulation with experimental results.

Experimental
The tested compound is natural rubber based reinforced with carbon black and sulfur vulcanized. From the compound were vulcanized two thick parts (sample A and sample B) with two different curing times giving two different state of cure distributions in
the part’s thickness. For characterization of the composite vulcanization properties is used rheometer type RPA2000 with moving die . The frequency is 1,66Hz and angle 0,5⁰ (standard setup conditions) . Rheometer specimens were prepared at different
temperatures (130⁰C, 140⁰C, 150⁰C, 160⁰C, 170⁰C). Test sheets were cured for different curing times (test sheets thickness 2mm) in order to obtain different state of cure for temperatures of 140⁰C and 170⁰C. The sheets were immediately put in ice cold
water in order to freeze the state of cure. The curing temperature was measured and saved by using thermo-couples on the press form boundaries. The state of cure values of the test sheets expected by the rheometer measurements were calculated and
correlated by a finite element software in order to take to consideration the increasing of state of cure during cooling. Mass swelling was carried out for 72h until equilibrium using ambient temperature according to ISO 1817. As a solvent is used
cyclohexane. The chemical cross-link density (1/2Mc) was calculated using the Flory-Rehner [5] equation. Simple stress-strain tests were made by using dynamometer and rate of 500mm/min. Compression set is measured in agreement with ISO 815-1 for
72h and 25% deformation. For measuring shear stress is used apparatus MetraviB for ambient temperature and frequency 5Hz for different level of deformation. Hardness is measured by using two different methods- Shore A and IRHD. Relaxation test
data was carried out in accordance with ISO 2285 for 24h and 200% deformation for ambient temperature and temperature of 70⁰C. A wide line NMR-MOUSE (MObile Universal Surface Explorer) spectrometer was used to collect the relaxation data. For
performing DSC-test is used apparatus DSC METTLER TOLEDO. To obtain the simulation of state of cure distribution in thickness of sample A and sample B is used special software called COMSOL.

Results and discussion

1. Comparison between different experimental methods
The normalized properties as a function of state of cure, measured by the different methods (for the test sheets) are shown in fig. 1 and fig. 2. The property values are
increasing with the state of cure measured by the methods of hardness and elongation modulus. Exactly the opposite is the dependence for the values measured by the
methods of NMR, DSC, compression set, relaxation and swelling. DSC and compression set are decreasing linearly. For shear modulus can be observed 3 stages- first the
values of the property are rising slowly with the state of cure, after we have section with constant values an third rapid increasing of the property values, the measurements
were made only for one sample for each state of cure. This must be completed with more measurements in order to have accurate results. Table 1 shows the comparison of
the used methods by several criteria.

Conclusion

1. Different methods (chemical, mechanical, thermal and spectroscopic) were applied successfully for measuring the state of cure in the test sheets.
2. Some of the mechanical methods (shear stress, stress-strain, compression set and relaxation) are not suitable for measuring the state of cure in thick parts.
3. From the comparison of the methods used in this study according to some criteria, it can be concluded that:

-all of used methods are destructive except for NMR;
-DMA(shear stress) and DSC gives high values of error and don’t detect reversion;
-for relaxation and tensile test is needed a specific geometry of the specimen;
-NMR, mass swelling, tensile and hardness test gives reliable results for measuring the state of cure in rubber parts.

4. A good correlation has been found between numerical and experimental results which give the possibility to make a reliable prediction on the distribution of state of cure in thick parts. Mass swelling method gives better results than other methods.

Figure 2. Normalized properties as a function of state of cure measured by: 
Hardness, shear stress and tensile tests.

Figure 1. Normalized properties as a function of state of cure measured by: 
DSC, mass swelling, relaxation, compression set and NMR tests

Table 1 Comparison of the used methods

2. Comparison between numerical and experimental results
The results from the comparison of the measurements obtained by using different techniques for the thick part are displayed in fig. 3 and fig.4. There was also made a numerical simulation of distribution of the state of cure in the tested thick part. We have
always the same evolution of the curves – from the borders to the center the level of vulcanization is decreasing and unvulcanized center. In one of the borders we have reversion. In fig. 3 and fig.4 is also observed that numerical and experimental data have
close values which makes the numerical prediction of distribution of state of cure reliable. The curve obtained by using swelling method has the closest values with the numerical results compared to the other used methods. Unfortunately the results are
obtained with different error for the different methods and it is hard to be determined which one is the most precise. But in general can be said that we have good correlation between numerical and experimental results.

Figure 4. Comparison between numerical and experimental 
results for the thick part   (Sample B)

Figure 3. Comparison between numerical and experimental 
results for the thick part   (sample A)
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Tuning of the Surface Biological Behavior of Poly(L -Lactide)-Based
Electrospun Materials by Polyelectrolyte Complex For mation
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THE AIM of the study is modification of the surface biologi cal behavior of electrospun textiles based on poly(L- lactide) (PLLA) 
using the polyelectrolyte complex formation tool. T his is achieved by consecutive deposition of N-carboxyethylchitosan (CECh) 
and poly(ethylene oxide)- b-quaternized poly[2-(dimethylamino)ethyl methacrylat e] (PEO-b-PDMAEMAQ100) on PLLA or PLLA/ 
poly(ethylene glycol) micro- and nanofibrous material s.
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CGRI, Brussels) and the National Science Fund of Bu lgaria (Grant No. DO-02-333/2008) for the financial support. E.Y. and D.P. are very grateful to the 
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CONCLUSION: The preparation of a coating from CECh( crosslinked) or CECh(crosslinked)/PEO- b-PDMAEMAQ100 complex is a feasible route for 
modification of the surface properties of PLLA and PLLA/PEG electrospun materials. Coating with CECh(cr osslinked) leads to the preparation of novel 
materials, which are characterized by good compatib ility with the blood cells and reduce the adhesion of pathogenic microorganisms. These materials 
can find potential applications in tissue regenerat ion. The preparation of a CECh(crosslinked)/PEO- b-PDMAEMAQ100 complex coating imparts 
haemostatic properties to the PLLA and PLLA/PEG mat s. In addition, the PEC coating reduces the adhesio n of pathogenic microorganisms. Thus, the 
PEC-coated PLLA and PLLA/PEG mats are potential can didates for wound healing applications.

Refs: Yancheva E., Paneva D., Manolova N., Mincheva R., Danch ev D., Dubois Ph., Rashkov  I. Tuning of the Surface Biological Behavior of Poly (L-Lactide)-Based
Electrospun Materials by Polyelectrolyte Complex For mation. Biomacromolecules 11: 521-532 2010. 
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Because of  the high hydophobicity of 
PLA mats water/ethanol mixed solvent 

(1/1 v/v) was used for preparation of the 
coating solutions.

Mn(POE-block) = 5 000 g/mol
Mn(PDMAEMA-block) = 18 700 g/mol
Mw / Mn = 1.27

Mw = 670 000 g/mol
CECh

The developed approach 
for coating of PLA-based 

materials is a suitable one 
as evidenced by  the 

presence of a C-N peak in 
the C 1s XPS spectra of

the coated mats.

Behavior of the 
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Polymeric Protective Agent for Radiotherapy of Cancer
I. Tsacheva, E. Vodenicharova, N. Koseva, K. Troev

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

Introduction: Poly(oxyethylene H - phosphonate)s are especially attractive materials because of the relative easiness of their preparation from commercially available 
building blocks, the variety of molecular weights attainable, and the relatively narrow molecular weight distributions of the polymers formed. Poly(oxyethylene H -
phosphonate)s are quite promising for biomedical application because of their biodegradation and low citotoxicity. Amifostine (S – 2 - [(3- aminopropyl)amino]ethane - thiol 
dihydrogen phosphate ester; WR2721) is a radioprotective agent used clinically to minimize damage from radiation therapy and to protect normal tissues. WR2721 is, in fact, 
a pro - drug which must be dephosphorylated by membrane- bound alkaline phosphatase to the active metabolite, 1 - (3 - aminopropyl)aminoethanethiol (WR1065).

The purpose of this study: The synthesis and characterization of polymer complexes constructed from the radioprotective agent WR2721 and biodegradable 
poly(oxyethylene H - phosphonate), poly(hydroxyoxyethylene phosphate), or poly(methyloxyethylene phosphate) via an ionic bond, and physical complexation, respectively. 
The structure of the complexes formed is elucidated by 1H, 13C, 31P NMR and FTIR spectroscopy.

Synthesis of polymer carriers:
Polymer P1 – the precursor poly(oxyethylene H - phosphonate) was obtained via 
polytransesterification of dimethyl H- phosphonate with PEG 600
Polymer P2 - poly(methyloxyethylene phosphate) was obtained from Polymer 1 
and methanol via the Atherton - Todd reaction 
Polymer P3- poly(hydroxyoxyethylene phosphate) was obtained from Polymer 1 
and water via the Atherton - Todd reaction

Synthesis of radioprotective agent:
Amifostine (S – 2 - [(3- aminopropyl)amino]ethane- thiol dihydrogen 
phosphate ester; WR2721)

Immobilization of WR2721 onto polyphosphoesters:
Product P5 - WR-2721 was immobilized onto polymer 1 via 
hydrogen bonding.
Product P6 - WR-2721 was immobilized onto polymer 2 via 
electrostatic interactions.

Equivalent
dose of WR-2721Compound

mg/kg mmol/kg

50 0.20 30 16.3 1.30 7.34

100 0.40 80 19.5 1.80 5.65б 10.17

200 0.80 70 21.3 1.70 9.60

50 0.20 50 14.8 1.50 14.04

100 0.40 50 18.3 1.50 9.36 14.04

200 0.80 90 26.0 1.90 17.78

50 0.20 30 12.1 1.30 5.37

100 0.40 40 16.3 1.40 4.13 5.78

200 0.80 50 22.0 1.50 6.20

Control group
(20 mice)

- - 0 10.7 - - -

WR-2721

POEP(OH)–
WR-2721

POEP(OCH3)–
WR-2721

30-day 
survival, %

MST а
days

PF TI PI

Table 1.  Radioprotective Efficiency of WR-2721 Polymer Complexes in 
Mice Exposed to 8.5 Gy (LD100/14) Gamma Radiation

Preliminary Evaluation of Radioprotective Efficiency Conclusions

The product of practical interest is the 
immobilized of  WR2721 onto  poly 
(hydroxyoxyethylene phosphate) via ionic bond, 
which possesses the highest protective activity 
(PI – 17.78) and low toxicity (TI - 9.36).

The clinically approved radioprotectors WR-
2721 could be successfully immobilized on 
poly(hydroxyoxyethylene phosphate).

The polymer- drug complexes show significant 
radioprotection efficiency by comparison with the 
basic components.

+      n HO(CH2CH2O)13H
-  2n CH3OH

120-140 oC

160 - 185 oC
0.1 mmHg

- (CH3O)2P(O)H

(H2O)
moisture

P OCH3CH3O

H

O

m

P OCH3O

H

O

CH2CH2O P OCH3

H

O

y
13

P OCH3O

H

O

CH2CH2O P

H

O

n
13

O CH2CH2O P OCH3

H

O

13

P OCH3O

H

O

CH2CH2O P

H

O

n
13

O CH2CH2O P OH

H

O

13

O(CH2CH2O) P

O

H

CCl4
(C2H5)3N

CH3OH

H2O

13

O(CH2CH2O) P

O

13

CH3O

O(CH2CH2O) P

O

OH
13

Scheme 1. Survival of 10 Gy irradiated MEF lig4+/+ cells in the 
presence of WR-2721 and its polymer complex
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Получаване на полимерни наночастици от вида ядро/корона от поли(стирен-съ-диен)-бл-

полиетер съполимери с желана морфология

Е. Халаджова1; Н. Дишовски1; Хр. Цветанов2; Хр. Новаков2

emihaladjova@abv.bg

1ХимикоTехнологичен и Mеталургичен Университет, бул. Кл. Охридски №8, 1756 София, България
2Институт по полимери, БАН, ул. Акад. Г. Бончев, бл. 103,1113 София, България

Цел

Получаване на полимерни наночастици от амфифилни поли(стирен-съ-диен)-бл-полиетер блокови съполимери със

стабилизирана морфология. Изследване на възможностите за промяна в структурата (ядро/корона) на частиците в желана

посока.

Промяна в структурата ядро/корона на частиците
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Изследвана е зависимостта на формата и размерите на частиците от начина на получаването им, вида на използвания разтворител както и състава на

съполимера. Демонстрирани са възможностите за обръщане структурата (ядро/корона) на частиците в желана посока, чрез добавяне на подходящ селективен

разтворител. Стабилизиране на получените структури е осъществено чрез облъчване на полимерните разтвори с УВ светлина в присъствие на фотоинициатор

или γ-лъчи.

Включването на ПГ блок в състава на блоковите съполимери предоставя възможност за тяхното допълнително модифициране в зависимост от конкретната цел

на приложение. Лесната разградимост в кисела среда на частици с ядро изградено от ПГ предоставя и възможности за образуването на кухи структури с ценни

приложения.

Изводи

 

Получаване

1. Синтез на съполимерите

Синтезирани са амфифилни блокови съполимери, изградени от постоянен

хидрофобен блок от полистирен (ПС) с включени по случаен начин диенови звена

(Д) (изопрен (И) или бутадиен (Б)) и различен по дължина хидрофилен блок от

полиетер - полиоксиетилен (ПЕО) или полиглицидол (ПГ).
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2. Получаване на частиците

Нано- и микрочастиците са получени от амфифилните блокови съполимери при разтваряне в органични разтворители или в смесени разтвори по метода на Tuzar и Kratochvil.
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NANOMECHANICAL CHARACTERIZATION OF MULTIWALL CARBON NANOTUBE
REINFORCED EPOXY COMPOSITES

E. Ivanov, R. Kotsilkova, E. Krusteva
Central Laboratory of Physico-Chemical Mechanics, Bulgarian Academy of Sciences, Acad. G. Bonchev, St., Bl 1, 1113 Sofia, Bulgaria; e-mail: ivanov_evgeni@yahoo.com

INTRODUCTION

The exceptional physical properties and high aspect ratio of carbon nanotubes (CNTs) have made them ideal candidates for developing the next 
generation of polymer composites. Thus, the CNTs are expected to be ideal mechanical reinforcements for lightweight composite systems. There 
are some problems with obtaining of this kind of materials. First, the ability to disperse the CNTs is of critical importance for the formation of a 
reinforced polymer composite. Homogeneous dispersion of CNTs in the polymer matrix is not easily achieved. Second, the poor bonding between 
the nanotubes and polymer matrix restricts load transfer from the matrix to the nanotubes. In this study, the hardness and elastic modulus of 
MWCNT reinforced epoxy composites were measured using a nanoindenter.

MATERIALS AND METHODS

The materials used in this study are multiwall carbon nanotubes (MWCNTs) containing about 8 wt% magnetic ferroxides (supplied by IFW, 
Dresden). Epoxy resin D.E.R.™ 321 was selected as the polymer matrix, since it is known that carbon nanotubes are well dispersed in epoxies, 
compared to other oligomers. Polyethylene polyamine (PEPA) was used as a curing agent. The MWCNTs were mixed directly with the epoxy 
oligomer and then the amine hardener was added. Sample homogenization was realized by high speed mechanical mixing followed by ultrasonic 
cavitation disintegration. Samples within the concentration range of 0 to 0.3 wt% were prepared and further investigated.
The surface of the samples was polished using a Power Tome XL microtome. The roughness of the samples was measured using Nanofocus
profilometer in the range between 4 and 33 nm for the different samples. Nanoindentation tests were performed using a Triboindenter®
nanomechanical test instrument (Hysitron). The hardness and elastic modulus were calculated from the recorded load-displacement curves. The 
indentation impressions were then imaged using scanning electron microscopy  (SEM). Indenter Bercovich tip 50nm was used for indentations in 
displacement control mode of 400 nm. A series of seventy (10x7; spacing between indents 5 µm) indentations were performed for each sample. A 
typical indentation experiment consist of four subsequent steps: approaching the surface; loading to peak load for 5 s; holding the indenter at 
peak load for 10 s; final complete unloading for 5 s (load function 5s-10s-5s trapezoid). The hold step was included to avoid the influence of creep 
on the unloading characteristics since the unloading curve was used to obtain the elastic modulus of a material.

RESULTS AND DISCUSSION
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Representative load-displacement curves 
and SEM images of indentations on epoxy 
and its MWCNT reinforced samples are 
compared in Figures 1(a-d) and 2(a-d). No 
discontinuities or steps were found on the 
loading curves, indicating that no cracks 
were formed during indentation.
The elastic modulus was calculated using 
the Oliver-Pharr data analysis procedure. 
The unloading stiffness can be obtained 
from the slope of the initial portion of the 
unloading curve, S = dP / dh.

The hardness and elastic modulus values as a function of 
MWCNTs content for the epoxy and its composites were 
obtained on the basis of 70 nanoindentation tests for each 
concentration (Figures 3(a,b)). The experimental errors are 
within the range ±0.01 to ±0.03 GPa for the modulus and 
±6.65.10-4 to ±13.7.10-4 GPa for the hardness. The MWCNT 
reinforced samples exhibit higher hardness (~7%) and slight 
decrease (within the range of the experimental error) of elastic
modulus compared to the neat epoxy composites. This 
indicates the existence of adhesion between carbon nanotubes 
and the epoxy matrix and this is shown on SEM images of the 
composite fracture surfaces (Figures 4(a-d)).

Fig. 2a. Pure epoxy Fig. 2b. 0.03 wt% MWCNTs

Fig. 2c. 0.08 wt% MWCNTs Fig. 2d. 0.3 wt% MWCNTs

Fig. 4a. 0.03 wt% MWCNTs Fig. 4b. 0.08 wt% MWCNTs

Fig. 4c. 0.3 wt% MWCNTs Fig. 4d. 0.3 wt% MWCNTs
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