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INTRODUCTION

There are many factors limiting the effecti-
veness of the drugs used in chemotherapy.
These include drug resistance, toxicity, tu-
mor drug interaction, drug pharmacokinetics
and pharmacology, and patient-related fac-
tors (Akyol, et al.,2004:162-163, Avcu, et al.,
2008:62, Cingi, et al.,1996:213). The clinical
use of many chemotherapy drugs is limited by
their low therapeutic index due to toxic side
effects (Li, et al., 2008: 886, Duncan, et al.,
2003, 349). For this reason, various recom-
mendations are being developed in order to
ensure that the drugs are localized in the body
where they need to go and to reduce their side
effects (Young, et al., 2010:58). The serious
side effects of the drugs used in the treatment
of breast cancer and the insufficient effect of
the drug on the tumor led researchers to deve-

lop new drug systems using polymers.

Due to the superior physicochemical properti-
es of polymeric drugs, the fact that they have
therapeutic properties not found in conventio-
nal small molecule drugs leads them to a new
field of research. In other words, these macro-
molecules, also known as bioactive polymers,
have been developed by interacting with drug
active substances and useful molecules have
been obtained for drug delivery systems (ISP)
(Karakus, 2011:101).

In this type of synthesis; It is aimed that a drug
active substance with an anti-tumor active
substance can be bound to a synthetic poly-
mer sample by chemical conjugation and the
drug can be administered to the tumor cell in a
controlled manner and the desired side effects
can be minimized by increasing the effect in
the desired direction (Pack, et al., 2005:582).

The Cytarabine molecule is also known as
the cytosine B-D-arabinofuranoside hydroch-
loride crystal. This drug is a very effective
antimetabolite in the treatment of leukemia.
Cytarabine with antitumor effect is effecti-
ve in acute non-lymphoblastic / lymphoblas-
tic leukemia, chronic myelocytic leukemia,
blast crisis, prophylaxis with treatment of
meningeal leukemia, and diffuse histiocytic
lymphomas (Galmarini, et al., 2001:879).

The essential feature of an antimicrobial agent
is selective toxicity. The concept of selective
toxicity was first introduced by Paul Ehrlich.
The antimicrobial agent used in chemothe-
rapy should be effective or even slightly toxic,
even at low concentrations. For such an effect
to occur; the antimicrobial agent should select
microorganism cells as the target rather than
mammalian cells (Derbentli, 2003:141-142).

In this study, we aimed to reduce the side ef-
fects of anticancer and antimicrobial effects
of the new conjugate by using newly obtained
polymer-drug conjugate (MAVA-CYT) to
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Cytarabine (CYT) drug used in the treatment
of leukemia.

Materials and Methods
Synthesis and Purification of Copolymer

The maleic anhydride-vinyl acetate copoly-
mer was synthesized and purified in a previ-
ous study. Briefly, the monomers of maleic
anhydride (MA) and vinyl acetate (VA) were
polymerized in a 1: 1 molar ratio of methyl
ethyl ketone (MEK) in the presence of a ben-
zoyl peroxide (BPO) initiator at 80 ° C for 24
hours. The unreacted monomer was removed
from the residue by purification by standing
at -20 ° C for 1 hour and drying in a vacuum
incubator at 50° C for 24 hours (Karakus, et
al., 2013:1593).

Synthesis and Purification of Conjugate

In a previous study, maleic anhydride vinyl
acetate-Cyterabine (MAVA / CYT) conjugate
of pure MAVA copolymer with CYT antitu-
mor agent in 1: 1 molar ratio of dimethylfor-
mamide (DMF) in triethylamine (TEA-ca-
talyzed 50° C (2 hours) and 70 The conjugate
was last incubated with excess of cold ethyl
alcohol for 1 hour at -20° C and purified by
drying in a vacuum incubator at 50° C for 24
hours (Karakus, et al., 2015:77).

Structural Characterization of Copolymer
and Conjugate

MAVA copolymer and MAVA-CYT conjuga-
te were prepared as KBr pellets (2 mg samp-
le, 100 mg KBr) for FTIR spectrophotometer
(MATTSON 1000 Unicam, USA) and recor-
ded at 400-4000 cm -1 at 4 cm -1 intervals.
Nuclear magnetic resonance, 1H-the NMR
analysis NMR 400 MHz (Bruker Avance III,
Karlsruhe, Germany), 6 mg samples of 0.8
ml dimethyl sulfoxide (DMSO) were made
by preparing (Technology Research Center,
University of Erciyes, Antalya, Turkey) (Ka-
rakus, et al., 2015:78).

Water Solubility of Conjugate

MAVA copolymer dissolves slowly in water
due to its high molar mass. It is the anhydride
ring that slows down the dissolution (Figure
X). On the other hand, after conjugation, the
anhydride ring in maleic anhydride is ope-
ned to form an amide bond, which results in
the continuous carboxyl group after the bin-
ding of the CYT drug (Figure 1). Here, in the
MVA-CYT conjugate consisting of n units,
the blue colored part is the CYT drug and the
remaining black part is the main chain of the
MAVA copolymer. Thus, increasing carboxyl
groups showed the solubility enhancing pro-
perties in water as can be predicted theoreti-
cally.
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Figure 1. Prescribed chemical structure of
the MAVA-CYT conjugate (Karakus, et
al., 2015:79).

Antimicrobial Activity

Staphylococcus aureus of MAVA and MAVA -
CYT (ATCC 25923), Escherichia coli (ATCC
25922), Pseudomonas aeruginosa (ATCC
27853), Meticillin-Resistant Staphylococcus
aureus (ATCC 43300), Enterococcus faecalis
(ATCC 29212) and Candida albicans (ATCC
29212); antimicrobial effects on microorga-
nisms were investigated by using Disk Dif-
fusion test. Bacterial strains were inoculated
into Brain Heart Infusion Broth at 37+ 0.1° C

and fungal strains were inoculated into Sabo-

uraud Dextrose Broth and incubated at 25 +
0.1° C for 24 hours. Bacterial and yeast solu-
tions from these cultures were adjusted to the
standard of 0.5 in the McFarland apparatus
(0.5 McFarland standard = 1-2 x 10® CFU /
ml) (CLSI, 2011:45-48).

MAVA and MAVA-CYT were diluted in ste-
rile tubes containing 1 ml of DMSO starting
from high doses (4/1, 2/1, 1/1, 1/2, 1/4, 1/8).
Dilutions were impregnated with 25 ul of ste-
rile 6 mm blank discs (OXOID blanc disc).
Mueller - Hinton Agar and Sabouraud Dext-
rose Agar surface, 0.5 McFarland standard
bacteria and yeast solutions prepared by spre-
ading the whole plaque surface with the help
of sterile swab. After waiting for a while to
dry their surfaces, the diluted samples were
prepared and the impregnated discs were
gently pressed and placed 20 mm between
them. Only sterile discs impregnated with
DMSO were used for negative control (Tunc,
2013:49, CLSI, 2011:47).

Anticancer Activity

Anticancer activities of MAVA-CYT conju-
gate and CYT at 6 different concentrations
were determined using XTT test on MCF-
7 and L929 fibroblast cell lines. Cells were
grown in DMEM (Dulbecco’s Modified
Eagle’s Medium) medium and 10% FBS +
1% Penicillin-Streptomycin medium in an
ovenat 37 © C and 5% CO.,. For the XTT cell
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metabolic activity assay, 96 well plates were
prepared in 100 pl (1x10* cells / well) per
well. 6 different concentrations of MAVA-
CYT and CYT, 500 pg / ml, 250 pg / ml, 125
pug/ml, 62.5 pg/ml, 31.25 ng/ml, 15.62 ng/
ml were added to the wells and Incubated for
24 hours. XTT (Cell proliferation kit, Roche)
solution was prepared and 10 pl was added to
each well and incubated at 37 © C for 4 ho-
urs. Optical density at 450 nm was measured
by ELISA. Results were calculated with the
formula using positive and negative control
values as % inhibition for MCF-7 and % vi-
ability for L929 (Tunc, 2013:55-58, Arik, et
al., 2017:9).

Statistical analysis

Statistical analysis of the results was perfor-
med with SPSS (Mann-Whitney U Test, 16.0
for Windows) program. A p value of <0.05
was considered statistically significant.

RESULTS

Structu ral Characterization of Copolymer
and Conjugate

In our previous study, FTIR and 'H-NMR
analys i s of the synthesized, purified and
structural characterized MAVA-CYT conju-
gate showed that conjugation was performed
successfully and the expected copolymer and
conju g ate main structures were obtained.
(Karakus, et al., 2013:1593, Karakus, et al.,
2015:79).

Antimicrobial Activity

Staphylococcus aureus of MAVA and MAVA -
CYT (ATCC 25923), Escherichia coli (ATCC
25922 ), Pseudomonas aeruginosa (ATCC
27853), Meticillin-Resistant Staphylococcus
aureus (ATCC 43300), Enterococcus faecalis
(ATCC 29212) and Candida albicans (ATCC
29212); There was no antimicrobial effect
on mi croorganisms. Inhibition zones were
formed around the antibiotic discs used as
positive controls. (Figures 2)

Figure 2: a,b, c,d, e, f
Anticancer Activity

Anticancer activities of MAVA-CYT conju-
gate and CYT at 6 different concentrations
were determined using XTT test on MCF-7
and L929 cell lines. The MAVA-CYT pair
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had an inhibition percentage (60.64%) close
to the control (88.53%). Cytarabine’s high-
est concentration of cancer cells (70.17%) is
close to the negative control (88.53%). The
killing rate of MAVA-CYT was significantly
lower than the percentage of copolymer-drug
pair compared to the killing rate of Cytara-
bine. (p <0.05) (Figure 3).

MCF-7 (CYT and MAVA-CYT)

500 250 125 62,5 31,25 15,62
Concentraitions (pg/ml)

Figure 3: MCF-7 of different concentrati-
ons of CYT and MAVA-CYT percentage
of killing cells.

For the positive and negative control and for
each different drug and copolymer-drug con-
centration, 6 wells were averaged separately.
% Viability was calculated using the relevant
formula and the graph on the right was obta-
ined (Figure 4).

When the lowest concentrations of Cyta-
rabine and MAVA-CYT were compared, a

significant difference was observed betwe-
en the two data. (p <0.05). Furthermore, the
copolymer-drug pair (100%) had a higher vi-
ability rate than the drug (89.86%) alone. In
fact, the toxicity of the copolymer-drug pair
is almost non-existent.

1929 (CYT and MAVA-CYT)
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Figure 4: 1L.929 cells of different concentra-
tions of CYT and MAVA-CYT percentage of

viability on.
DISCUSSION

In the study of Karakus et al., MAVA co-
polymer was synthesized in methyl ethyl ke-
tone (MEK) by free radical polymerization
using benzoyl-peroxide (BPO) as a radical
initiator at 80 °C. Karakus et al. In his study
in 2008, conjugation with Cytosine B-D-
arabinofuranoside hydrochloride (CYT), an
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anti-leukemic chemotherapeutic agent, was
successfully carried out in dimethylforma-
mide at 70 °C under the catalysis of trieth-
ylamine (TEA) (Karakus, et al., 2013:1592).
Structural characterization of copolymer and
copolymer-drug (MAVA-CYT) conjugate
was performed by Fourier Transform Infra-
red (FTIR) and Nuclear Magnetic Resonan-
ce ('"H-NMR). These spectra confirm the
conjugation reaction. Antiproliferative acti-
vity of MAVA-CYT was also performed by
BrdU-cellproliferation-ELISA analysis using
C6 and HeLa cells (cisplatin and 5-fluorou-
racil positive control). It was observed that
the conjugate had a slight antiproliferative ef-
fect against C6 cells, whereas it did not have
antiproliferative effect against HelLa cells,
especially at low concentrations (<100 pg /
ml) (Karakus, et al., 2013:1593). Saito et al.
Chemically modified L-asparaginase enzyme
obtained from E.coli and showed antitancer
properties with poly ethylene glycol and ma-
leic anhydride. They tested this modified enz-
yme on mouse lymphoma cells and showed
that it increased anti-activity by suppressing
anti-asparaginase antibody production (Sai-
to, et al., 2007:408). Yadav et al., Binding to
siterabine PEGylated PLGA (poly (lactic-co-
glycolic acid)) nanoparticles, mouse lympho-
id leukemia cells reported that they increase
the concentration of drug in the blood com-
pared to pure drug (Yadav, et al., 2011:740).
Visco et al. Demonstrated that bendamusitne

and cytarabine exert a very potent and signi-
ficant effect on inducing apoptosis on MCL
cells. Similar results were obtained by mea-
suring mitochondrial damage or decreased
metabolic activity in all cell lines (Visco, et
al., 2012:74). Stella et al. Have linked poly
(H (2) NPEGCA-co-HDCA) copolymer to
this anticancer drug to accelerate the meta-
bolism of gemcitabine in plasma. They tested
the cytotoxicity of this conjugate on human
cervical carcinoma cell lines (KB3-1) and
human breast cancer cell lines (MCF-7) and
reported that they reduce toxic effects at a
certain concentration (Stella, et al., 2007:75).

CONCLUSION

In this study, this conjugate showed a lower
anticancer effect on the MCF-7 cell line than
Cytarabine drug. However, when the cytoto-
xicity of the copolymer-drug pair (MAVA-
CYT) was investigated at 6 different concent-
rations on the

L929 cell line, cell viability was found to be
close to 100%. When compared with drug to-
xicity, conjugate; it has been shown that there
is no significant toxic effect compared to the
drug.

RECOMMENDATIONS

According to all results, it can be said that
MAVA / CYT conjugate has very promising
properties. MAVA / CYT conjugate animal
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assays may be a new cancer drug candidate
looking at the anticancer effects.
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