
INTRODUCTION
Polymer modification, in order to obtain new materials, 
based on preparation of nucleophilic compounds attributes 
to the high reactivity of the anhydride ring of the copolymer 
toward nucleophilic reagents (1). Maleic anhydride (MA), 
C4H2O3, is a unique electron-acceptor monomer. MA 
containing copolymers can easily be synthesized by free 
radical chain polymerization. Furthermore, they can easily 
be modified by its reactive anhydride group with 
nucleophilic reagents such as amine and amine derivatives. 
The highly reactive anhydride ring on repeated unit of MA 
can be bound to amino or hydroxyl groups of nucleophilic 
reagents (1,2-4) by the ring opening reaction, resulting in 
either ester/carboxylic acid or amide/carboxylic acid 
structures. 

Drugs carriers for the delivery of biologically active 
agents are generally classified as either biodegradable or 
non-biodegradable copolymers. Non-biodegradable 
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ABSTRACT

Poly (maleic anhydride-co-vinyl acetate) (MAVA) copolymer 
was synthesized by free-radical- polymerization reaction in 
methyl ethyl ketone (MEK) at 80 ºC using benzoyl-peroxide 
(BPO) as the radical-initiator. MAVA was then modified with 
ant i - leukemic  chemotherapy-agent  cytos ine  β-D-
arabinofuranoside hydrochloride (CF). Modification was 
performed at 70 oC in dimethylformamide (DMF) containing 
triethylamine (Et3N) as the catalyst. Structural characterization 
of the copolymer and copolymer/drug couple (MAVA/CF) was 
carried out by Fourier Transform Infrared (FTIR) and Nuclear 
Magnetic Resonance (1H-NMR). FTIR and 1H-NMR spectra 
confirmed the modification reaction. UV-Spectrophotometric 

measurements indicated that MAVA/CF kept its molecular 
integrity in physiological-body-fluid, PBS, for first four days. 
Antiproliferative activities of MAVA/CF were also determined 
by BrdU-cell-proliferation-ELISA assays using C6 and HeLa 
cell lines (cisplatin and 5-fluorouracil used as positive control). 
MAVA/CF appeared to have little antiproliferative activity 
against C6 cell line while samples didn’t have antiproliferative 
activity against HeLa cell line at low concentrations (< 100 
µg/ml). Reaction mechanism was also recommended for 
modification product MAVA/CF.

Keywords: Antiproliferative activity, copolymer modification, 
cytosine β-D-arabinofuranoside hydrochloride, physiological 
body fluid PBS, poly(maleic anhydride-co-vinyl acetate).
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polymers have often been used as drug carriers and are 
expected to retain their structural integrity at least until the 
completion of the release of their bound drugs (5). The first 
biological studies have been carried out by using a relatively 
simple MA containing copolymer, maleic anhydride-divinyl 
ether (DIVEMA) (6), possessing antiviral, antibacterial, and 
antifungal activities. It was also used as both an 
anticoagulant and anti-inflammatory agent (7,8). Most 
popular copolymer, poly(styrene-co-maleic acid/anhydride) 
(SMA) is another well-known commercialized vinyl base 
copolymer (1,9). Co-polymeric product obtained by 
conjugation or modification of SMA and the antitumor 
protein neocarcinostatin (NCS) (10-14), SMANCS have 
also been marketed in Japan for the treatment of 
hepatocellular carcinoma (15).

Many copolymers, synthesized with MA and vinyl base 
monomers such as styrene, vinyl acetate (Scheme 1) or 
methyl methacrylate, have often been used as reactive 
macromolecules observing various biological activities such 
as direct antitumor inhibitors (6,16). It has been demonstrated 
that biological activities, for example, in relation with 
antitumor activity of these copolymers are dependent upon 
the amount of hydrogen-bonding between carboxyl groups, 
and the nature of their distribution on the main side chains. 
In biological systems, it has been implied that even the 
hydrolyzed copolymers can also show some biological 
activity especially by modifying proteinaceous drugs (10). 

Cytosine β-D-arabinofuranoside hydrochloride (CF), 
which is commonly known as cytarabine, is a chemotherapy 
agent used mainly in the treatment of cancers of white 
blood cells such as acute myeloid leukemia (AML) and 
non-Hodgkin lymphoma being an efficacious antimetabolite 
in treatment of leukemia. Synonyms of this drug are 
cytosine, arabinoside and ara-C (17) and IUPAC name is 
4-amino-1-β-D-arabinofuranosylpyrimidin-2(1H)-one. The 
closed formula of CF with white powder appearance is 
C9H13N3O5.HCl, and its molecular weight is 279.68 g mol-1. 
CF is also known as one of the first serious cancer drugs 
that altered the sugar component of nucleosides. It has a 
primary amino group on the pyrimidine ring acting as a 
functional group in ring opening reactions for maleic 
anhydride containing copolymers. The presence of amino 
and phenol groups gives both amphoteric and polar 
character to the molecule (Scheme 2). Biological roles of 
CF can be classified as follows: antimetabolite, antiviral, 
and immunosuppressive agent. Also, it has an application, 
which is known as antineoplastic agent as well as being 
antiviral and immunosuppressive agent.

In this study, it was aimed to generate a versatile 
biologically active substance by modifying a biologically 

active copolymer, MAVA, through its anhydride group, with 
an anticancer biomolecule, cytosine β-D-arabinofuranoside 
hydrochloride (CF). Before its usage, it was demonstrated 
that MAVA has almost no cytotoxicity on the cultured 
healthy cell lines (18). In our previous study, the 
amoebicidal effect of MAVA copolymer was also 
investigated on Entamoeba histolytica trophozoites using 
different copolymer concentrations and periods of time. The 
results indicated that MAVA killed all of the trophozoites at 
32 mg/mL concentration in 3 h (19). The main aims of the 
study were two-fold: (1) to use the non-biodegradable and 
noncytotoxic copolymer as the carrier of a biomolecule, 
cytosine β-D-arabinofuranoside hydrochloride, and (2) to 
achieve antiproliferative activity both HeLa and C6 cell 
lines. 

EXPERIMENTAL

Chemistry
All of the organic solvents and reagents were obtained from 
commercial sources and used without purification. Maleic 
anhydride  (MA),  methyl  e thyl  ketone (MEK), 
dimethylformamide (DMF), benzoyl peroxide (BPO), 
petroleum ether and triethylamine (abbreviated as TEA or 
Et3N) were obtained from Merck (Germany). Ethyl alcohol 
was obtained from Carlo-Erba (Rodano). Vinyl acetate 
(VA) and ethyl acetate were obtained from Sigma-Aldrich 
(USA). Cytosine β-D-arabinofuranoside hydrochloride (CF) 
was purchased from Sigma (St. Louis MO, USA). 

Structural Characterization 
MAVA copolymer and modification product MAVA/CF 

were prepared as KBr pellets (2 mg sample in 100 mg KBr) 
to be analyzed in a FTIR spectrophotometer (MATTSON 
1000 Unicam, USA) at 400-4000 cm-1 with 4 cm-1 
increments. Nuclear Magnetic Resonance, 1H-NMR 
analysis was performed at 400 MHz (Bruker Avance III, 
Karlsruhe, Germany) using 6 mg of the copolymer or 
modified product sample, dissolved in 0.8 mL dimethyl 
sulfoxide (DMSO). These characterization studies were 
carried out at Technology Research and Developing Centre, 
Erciyes University, Kayseri, Turkey. 

Synthesis of MAVA copolymer
MAVA copolymer was synthesized by free radical 

polymerization of maleic anhydride (MA) and vinyl acetate 
(VA), at a 1:1 molar ratio, in methyl ethyl ketone (MEK) 
using benzoyl peroxide (BPO) as the initiator for 24 h at 80 
°C (Table 1) (16,18). The reaction media was continuously 
purged and reactions were terminated with ethyl alcohol until 
the white precipitate was obtained. Un-reacted vinyl acetate 



75Marmara Pharm J 19: 73-81, 2015

Karakuş et al.
Synthesis, characterization and antiproliferative activities of novel modified poly (maleic 

anhydride-co-vinyl acetate)/cytosine β-D-arabinofuranoside hydrochloride conjugate

or homopolymerization products were removed by incubating 
the precipitate in ethyl acetate for 24 h. MAVA was then 
precipitated with petroleum ether, filtered under vacuum, and 
dried in a vacuum incubator for 24 h at 55 °C (20).

Synthesis of MAVA/CF
Poly(maleic anhydride-co-vinyl acetate)/Cytosine β-D-

arabinofuranoside hydrochloride (MAVA/CF) couple was 
synthesized by modification of MAVA copolymer with CF, 
at a 1:1 molar ratio, in dimethylformamide (DMF), using 
triethylamine (TEA, abbreviated as Et3N) as the catalyst for 
2h (50 °C) and 48h at 70 °C (Table 1) (21). The modification 
product, MAVA/CF, was precipitated with cold ethyl alcohol, 

kept at -20 ºC for 1h and dried in a vacuum incubator for 
24h at 50 °C (22). The MAVA copolymer powder (0.05 
mmol, 9.21 mg) was dissolved in well-stirred DMF (375 
µL). TEA (3 µL) was added while under stirring to MAVA-
DMF solution. Pharmaceutical active ingredient, CF, (0.05 
mmol, 13.98 mg) was prepared in DMF (547.5 µL) and was 
then added drop-wise into the solution of MAVA at room 
temperature (21). The final mixture was stirred by shaking 
for 2h at 50 °C in a shaking-incubator, and the reaction was 
continued for further 48 h at 70 °C until the obtained dark 
brown viscous solution. The final reaction sample was then 
washed repeatedly with excess of cold ethyl alcohol and 
incubated for 1h at -20 °C to obtain a yellowish-brown 
precipitate. The light brown precipitate was collected by 
centrifugation for 10 min at 3,000 rpm. After the removal of 
liquid phase, the precipitate was crushed into powder, and 
dried in a vacuum incubator for 24 h at 50 °C.

Behaviour of MAVA and MAVA/CF in Phosphate 
Buffered Saline 
MAVA/CF in dried powder form were incubated after 

dissolving them in a phosphate buffered saline solution 
(PBS; biotechnology grade, 137 mM NaCl, 2 mM KCl ve 
10 mM phosphate buffer, pH 7.4 ± 0.1) for 45 d at 37 ºC. 
During the course of incubation, aliquots were periodically 
taken and the particulate matter was removed by 
centrifugation. CF release from MAVA/CF was then read 
within the range from 200 nm to 600 nm with 25 nm 
i n c r e m e n t s  ( O p t i m a ® ,  S P - 3 0 0 0 ,  J a p a n )  b y 
spectrophotometric analysis (4,23).

Antiproliferative activity
Chemicals
All of the antiproliferative chemicals used were in 

analytical grade and obtained from Sigma–Aldrich, Merck 
and Roche.

Preparation of sample solutions
Stock solution of the sample, 5-florouracil, cisplatin 

were solved in DMSO and diluted Dulbecco’s modified 
eagle’s medium (DMEM). Final concentration of DMSO is 
below % 1 in all tests.

Cell culture and cell proliferation assay
Antiproliferative effects of the MAVA/CF, Cisplatin and 

5-florouracil (as standard compounds) were investigated on 
HeLa (human cervix carcinoma) and C6 (rat brain tumor) 
cell lines using proliferation BrdU ELISA assay (24,25).

HeLa and C6 cells were grown in Dulbecco’s modified 
eagle’s medium (DMEM, Sigma), supplemented with 10% 
(v/v) fetal bovine serum (Sigma, Germany) and PenStrep 
solution (Sigma, Germany) at 37 °C in a 5% CO2 humidified 

Scheme 1. Copolymerization of the MAVA polymer. 

Scheme 2. The modification reaction of the MAVA copolymer with CF. 

Table 1: Reaction conditions of MAVA copolymer and MAVA/CF 
conjugate. 
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Dimethylformamide.
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atmosphere. For the proliferation assay, cells were plated in 
96-well culture plates (COSTAR, Corning, USA) at a 
density of 30,000 cells per well. Vehicle (DMSO), 
5-Florouracil, cisplatin and several samples in various 
concentrations were added to each well. The antiproliferative 
activities were observed at high concentrations, these 
activities were also investigated at low concentrations (at 
level of the 100 µg/mL). Concentrations were selected as 
follows: the first part prepared as 500, 250 and 100 µg/mL, 
and the second part prepared as 100, 75, 50, 40, 30, 20, 10 
and 5 µg/mL. Cells were then incubated for overnight 
before applying the BrdU Cell Proliferation ELISA assay 
reagent (Roche, Germany) according to manufacturer’s 
procedure. Briefly, cells were pulsed with BrdU labeling 
reagent for 4 h followed by fixation in FixDenat solution 
for 30 min at room temperature. Thereafter, cells were 
incubated with 1:100 dilution of anti-BrdU-POD for 1.30 h 
at room temperature. The amount of cell proliferation was 
assessed by measuring the absorbance of the culture media 
at 450 nm after addition of the substrate solution by using a 
microplate reader (Ryto, China). The results were reported 
as percentage of the inhibition of cell proliferation, where 
the optical density measured from vehicle-treated cells was 
considered to be 100% of proliferation. All assays were 
repeated at least twice against HeLa and C6 cells. 
Percentages of inhibition of cell proliferation were 
calculated by using the following equation 1: 

[1 - (Atreatments / Avehicle control)] x 100.  (equation 1)

Statistical Analysis
Considering the importance of the pharmaceutical 

applications on biological media, statistical analysis was 
implemented for only low concentrations (<100 µg/mL). 
The results of investigation in vitro were the means ± SEM 
of six measurements for each cell type. Differences between 
treatment groups were tested way ANOVA and p values of 
<0.01 and 0.05 were considered significant.

RESULTS AND DISCUSSION 

FTIR analysis
MAVA copolymer (Fig. 1a) had anhydride units at 1880 and 
1804 cm-1, indicating symmetric and asymmetric C=O 
stretching vibrations of MA unit, respectively (22, 26, 27). 
C-O-C stretching vibrations, from MA ring, were observed 
at the 936 cm-1 (28). Characteristic C–O stretching 
vibrations at 1242 and 1012 cm-1 and a symmetric bending 
vibration of the CH3 group of VA at 1395 cm-1 were 
observed (29, 30, 31). CH vibrations in CH-CH anhydride 
units observed at 629 and 1573 cm-1 (22) can be attributed 

to the CH2 deformation mode of MAVA copolymer main 
chain (32). These findings were confirmed by means of the 
expected MAVA copolymer structure.

Anhydride ring peaks of MAVA/CF were disappeared 
completely (Fig. 1b). The disappearance of the characteristic 
anhydride peaks could suggest that almost all of the 
anhydride rings were opened by CF, via its nucleophilic 
amino group (33). It has been reported that the ring-opening 
reaction results in the formation of a carboxylic group and 
amide or ester structure (33). However, the carbonyl 
stretching within –COOR at 1500-1600 cm-1, and –NH 
stretching of NH2 group at 3000-3700 cm-1 were not 
observed in IR spectra of the modified copolymer. The -NH 
stretching of –CONHR mono-substituted amide group was 
observed in the MAVA/CF spectra (Fig. 1b): the intensity of 
the absorption bands of C=O on the anhydride groups, C-O-
C: at 1880 cm-1 and C=O at 1804 cm-1 completely shifted 
to 1676 cm-1 (-N-C=O) after the modification (22,34,35) 
due to the amide formation (1,3). It has been observed that 
this peak is due to an -NH bending and a -CN stretching 
(C-N-H) (22), indicating the -CONHR mono-substituted 
amide group (Fig. 1b). These findings clearly demonstrated 
the formation of amide linkages. The strong peaks at 2953 

Figure 1 FTIR spectra of the MAVA copolymer (a) and modification 
product MAVA/CF (b).
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and 1242 cm-1 were due to backbone stretching and 
bending, respectively (36). The CH vibrations in CH-CH 
anhydride units were observed at the 625 cm-1 (22). Another 
strong peak, 3438 cm-1, was assigned to the hydroxyl group 
stretching vibration and the disappearance of the anhydride 
peak at both 1880 and 1804 cm-1 supported by the fact that 
the reaction of hydroxylamine (CF) with the anhydride 
group took place (36). An intense broad peak due to C-O-C 
stretching was also observed at 1063 cm-1 for both CF and 
VA (Scheme 1) (37,38). The C-H bending of VA unit was 
also observed at the 1395 cm-1 (34). These findings 
indicated that MAVA was efficiently modified with CF by 
an amidation reaction. Here, the ring opening reaction of 
the anhydride unit belong to maleic anhydride was also 
confirmed by FTIR analysis. 

NMR Analysis
1H-NMR Results 
1H-NMR results also confirmed those of FTIR for the 

MAVA copolymer. Characteristic features of the MAVA 
spectrum were a chemical shift of two protons on MA 
groups (-CH-CH-) at 5.4 ppm, three methyl (-CH3) protons 
at 2 ppm (39,40), -CH2 protons on VA, at approximately 2 
ppm; and a multiplet peak for –CH, bound to oxygen, at 
approximately 1.1 ppm (16). DMSO deuterated solvent 
peak at 3.5 ppm were also observed (Fig. 2a).

The amide and carboxylic groups on MAVA/CF was 
verified by 1H-NMR. The characteristic anhydride peak of 
MAVA for -CH-CH- protons, methyl ((-CH3) protons of 
VA, as the methylene bridges -CH2 protons on VA and a 
multiplet peak for –CH (bound to oxygen) were observed at 
5.4 ppm, 2 ppm, around 2 ppm and 1.1 ppm (41), 
respectively (Fig. 2b). 0-5 ppm range of the spectra for both 
MAVA and MAVA/CF showed approximately similar 
characteristics. There were noticeable differences at 7,9 
ppm for aromatic ring of the CF (42,43) and for the -NH 
group of the resulting amide structure at 2,5-3,3 ppm (2,42). 
As can be seen from the Scheme 2, aromatic ring comes 
from only pharmaceutical active ingredient CF. This peak 
was the most important evidence for the modification 
reaction of MAVA copolymer and CF molecule. However, 
any peak for the –NH2 group of CF were not observed in 
1H-NMR spectra, while a peak is generally observed around 
10,55 ppm for the modified copolymer. All of the resulting 
peak assignments confirmed that CF bound to MAVA by an 
amidation reaction (44).

Behaviour of MAVA and MAVA/CF in Phosphate 
Buffered Saline 
In our previous study, spectrophotometric measurements 

indicated that MAVA could retain its molecular integrity in 
PBS for at least a month (18,21). Generally vinyl-based 
copolymers have been shown not to be biodegradable in 
biological media, and it did not undergo any degradation in 
PBS. For first four days, spectrophotometric measurements 
indicated that the MAVA/CF kept its molecular integrity in 
physiological fluid, PBS (physiological pH 7.40 at 37 ºC). 
In other words, the release of CF from the MAVA/CF 
appeared to have no started on the incubation times (Day 1, 
Day 2, Day 3, and Day 4) (Fig. 3). However, after the 45 
days of incubation times there was a noticeable behavior 
difference because MAVA/CF did not kept its molecular 
integrity in physiological fluid, PBS. UV-spectrophotometric 
results indicated that the release of CF from the MAVA/CF 
will need to a detailed research by means of controlled 
releasing study techniques, for example, dissolution device 

Figure 2 1H-NMR spectra of MAVA copolymer (a) and modification 
product MAVA/CF (b).

Figure 3 Absorption spectra for the behaviour of MAVA/CF in PBS 
solution. 
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or HPLC (High Performance Liquid Chromatography) for 
evaluation of the drug release. 

The reaction mechanism for the MAVA copolymer and 
MAVA/NA conjugate
A close inspection of the FTIR, and 1H-NMR results 

revealed that the reaction mechanism was in agreement 
with that of a free-radical polymerization of vinyl-based 
monomers for the MAVA copolymer and that CF was 
incorporated by a ring opening reaction (Scheme 1 and 2, 
respectively). Percent yield of the conjugation reaction was 
approximately calculated as 79,4 %. Repeated units 
molecular weights of MAVA and MAVA/CF indicated 184 
and 428 gmol-1, respectively. 

Antiproliferative activity
Antiproliferative activity of MAVA/CF was determined 

against C6 and HeLa using BrdU cell proliferation ELISA 
assay. Cisplatin and 5-florouracil were used as standard 
compounds. The antiproliferative activities were observed 
at high concentrations such as 500, 250 and 100 µg/mL. By 
comparing with the control and DMSO, the antiproliferative 
activities of MAVA/CF at high concentrations (especially 
500, 250 µg/mL) were found to be significant (Fig. 4a and 
Fig. 4b). 

Furthermore, this antiproliferative activity of MAVA/CF 
for both C6 and HeLa cell lines also increased with 
increasing concentrations. The same activities of samples 
and standards were deeply investigated for eight low 

concentrations ranging from 5 to 100 µg/mL (5, 10, 20, 30, 
40, 50, 75 and 100 µg/mL). It has appeared that MAVA/CF 
has very little antiproliferative activity against C6 cell line, 
while the samples don’t have antiproliferative activity 
against HeLa cell line. The antiproliferative activities of 
MAVA/CF were not observed to increase depending on 
increasing concentration against C6 cell line at low 
concentrations (Fig. 5a). However, MAVA/CF seemed to 
have exerted much higher antiproliferative activity than 
cisplatin at 5 µg/mL concentration against C6 cell line. At 
10 µg/mL concentration, MAVA/CF had the same activity 
when compared with cisplatin against C6 cell line (Fig. 5a).

Contrary to having very little antiproliferative activity 
against C6, MAVA/CF didn’t have any antiproliferative 
activity against HeLa when compared with cisplatin and 
5-florouracil, especially under the 100 µg/mL concentrations 
(Fig. 5b). In addition, the antiproliferative activities of 
MAVA/CF were not observed to increase depending on 
increasing concentrations against HeLa. In vitro 
antiproliferative activity assay indicated that the activity of 
MAVA/CF was almost exclusive to one of the cell lines. It 
could be argued that the results of this antiproliferative 
activity of MAVA/CF may be associated with cell or tissue 
type specificity, having significant pharmaceutical 
applications/implications. Because of being recently 
synthesized in our research laboratory, the antiproliferative 
activities of MAVA/CF have not reported according to our 
present knowledge against HeLa and C6 cell up till now.

Figure 4a Antiproliferation activities of MAVA/CF on C6 at high 
concentrations. 

Figure 4a Antiproliferation activities of MAVA/CF on C6 at high 
concentrations. 

Figure 4b Antiproliferation activities of MAVA/CF on HeLa at high 
concentrations. 

Figure 4b Antiproliferation activities of MAVA/CF on HeLa at high 
concentrations. 
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CONCLUSIONS
A biologically active copolymer, MAVA, was chosen as the 
drug carrier for CF being pharmaceutically active agent. In 
our previous study, it had been shown that the copolymer 
had almost no cytotoxicity, at 500 μg/mL, on a cultured 
mammalian L929 fibroblast cell lines, being least viscous 
copolymer, and was also kept its molecular integrity in 
physiological body fluids such as dextrose solution (DX 
5%), phosphate-buffer solution (PBS; biotechnology grade, 
137 mM NaCl, 2 mM KCl, and 10 mM phosphate buffer, 
pH 7.40 ± 0.1), and simulated body fluid (SBF; 50 mM 
tris(hydroxymethyl)aminomethane, 45 mM hydrochloric 
acid, pH 7.40) at 37 ºC for 5 days (18). In our other previous 
study, for the first time it was also shown that MAVA could 
kill Entamoeba histolytica trophozoites at 32 mg/mL for 
short periods of incubation time, or at much lower 
concentrations using longer incubation periods (19).

Furthermore, as CF has both amino- and phenolic 
hydroxyl-groups, chemical modifications of MAVA 
copolymer anhydride unit with this agent was possible by 
ring opening reaction. The results of the FTIR and 
1H-NMR spectra have confirmed the modification reaction. 
The modification product, MAVA/CF appeared to possess 
the intended below physiological  features:  (1) 
UV-Spectrophotometric results showed that the MAVA/CF 
kept its molecular stability in simulated physiological body 
fluid PBS (physiological pH 7.40 at 37 ºC) during the first 
4 days and the release of CF from the MAVA/CF conjugate 

appeared to have no started on the incubation times. (2) 
MAVA/CF showed very little antiproliferative activity 
against C6 cell line, on the other hand the samples didn’t 
have antiproliferative activity against HeLa cell line (<100 
µg/mL). However, when compared with the control and 
DMSO, the antiproliferative activities of MAVA/CF at high 
concentrations (> 100 µg/mL) were found to be significant. 
In vitro antiproliferative activity assay indicated that the 
activity of MAVA/CF was almost exclusive to one of the 
cell lines, and could be associated with cell or tissue type 
specificity, having significant pharmaceutical applications/
implications. Both of the animals (C6, rat brain tumor) and 
human (HeLa, human cervix carcinoma) cell lines were 
quite important for investigation of the antiproliferative 
activity of MAVA/CF. 

In the lights of the above results, it could be suggested 
that the modification product deserved further investigation 
in order to better evaluate its capacity as a biologically 
active substance by assessing its antitumor (on other cancer 
cell lines), antimicrobial and antifungal activities. 
Furthermore, the cumulative or steady release of CF from 
MAVA/CF conjugate will also be investigated deeply by 
other spectrophotometric methods.
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Yeni modifiye Poli(maleik anhidrit- 
ko-vinil asetat)/Sitozin β-D-arabinofuranosid 
hidroklorid konjugatının sentezi, 
karakterizasyonu ve antiproliferatif aktivitesi

ÖZET
Poli(maleik anhidrid-ko-vinil  asetat) (MAVA) 
kopolimeri, metil etil keton (MEK) içinde 80 ºC’de 
radikalik başlatıcı olarak benzoil-peroksit (BPO) 
kullanılarak serbest radikal polimerleşmesi ile 
sentezlenmiştir. MAVA daha sonra anti-lösemik bir 
kemoterapötik ajan olan Sitozin β-D-arabinofuranosid 
hidroklorid (CF) ile modifiye edilmiştir. Modifikasyon 
tepkimesi 70 oC’de dimetilformamid içinde trietilamin 
(Et3N) katalizörlüğünde yapılmıştır. Kopolimer ve 
Kopolimer/İlaç (MAVA/CF) ikilisinin yapısal 
karakterizasyonu Fourier Transform Infrared (FTIR) ve 
Nükleer Magnetik Rezonans (1H-NMR) ile yapılmıştır. 

FTIR ve 1H-NMR spektrumları modifikasyon 
tepkimesini doğrulamaktadır. UV-Spektrofotometrik 
ölçümleri göstermiştir ki MAVA/CF fizyolojik vücut 
sıvısı olan PBS (fosfat buffer saline) içinde moleküler 
bütünlüğünü ilk dört gün için muhafaza etmiştir. MAVA/
CF’nin antiproliferatif aktivitesi de BrdU-cell-
proliferation-ELISA analiz yöntemi ile C6 ve HeLa 
hücreleri (cisplatin and 5-florourasil pozitif kontroldür) 
kullanılarak yapılmıştır. MAVA/CF’nin C6 hücrelerine 
karşı azda olsa bir antiproliferatif etkiye sahip olduğu, 
oysa HeLa hücrelerine karşı özellikle düşük derişimlerde 
(< 100 µg/ml) antiproliferatif etkisinin olmadığı 
gözlenmiştir. Modifikasyon ürünü MAVA/CF için 
tepkime mekanizması da önerilmiştir.
Anahtar Kelimeler: Antiproliferatif etki, kopolimer 
modifikasyon, sitozin β-D-arabinofuranosid hidroklorür, 
fizyolojik vücut sıvısı PBS, poli(maleik anhidrit-ko-vinil 
asetat).
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