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Abstract

Aim. Poly(maleic anhydride-co-vinyl acetate) copolymer (MAVA) has been known to
confer antitumor activity and it also exhibit many other biological activities. The
amoebicidal effect of MAVA has not been investigated. Methods. In this study, for the
first time amoebicidal effect of MAVA was investigated on Acanthamoeba spp.
trophozoites and cysts. Trypan Blue Dye Exclusion test was used to determine the cell
viability. Results. Our findings indicated that in the period of 48 h, the percentage and
number of viable trophozoite showed a slow decrease except the dose of 32.0 mg/mL. The
copolymer in the highest dose inhibited the proliferation of trophozoites in 3 h. The cysts
were more resistant than the trophozoites to the inhibitory effect of copolymer. Structural
characterization of the copolymer was confirmed by Fourier Transform Infrared (FTIR)
and Nuclear Magnetic Resonance (*H-NMR). Surface morphology was visualized by both
scanning electron and atomic force microscopy. Conclusion. In the lights of these data it
could be suggested that MAVA deserves deeper investigation to improve its amoebicidal
activity for both trophozoites and cysts forms of Acanthamoeba spp.

Keywords: poly(maleic anhydride-co-vinyl acetate) copolymer; Acanthamoeba spp.
trophozoite; Acanthamoeba sp. cysts; amoebicidal activity; bioactive polymers.

Ozet

Amacg. Poli(maleik anhidrit-ko-vinil asetat) kopolimerinin (MAVA) antitiimoral
aktiviteye sahip oldugu bilinmektedir ve ayn1 zamanda cesitli biyolojik aktivitelere
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sahiptir. MAVA'min amobisidal etkisi daha oOnce incelenmemistir. Yontem. Bu
aragtirmada ilk kez MAVA’nin amobisidal aktivitesi Acanthamoeba trofozoit ve kistleri
iizerinde incelendi. Hiicre canliigini belirlemek i¢in Tripan mavisi boyas1 kullanildi.
Bulgular. Bulgularimiz ilk 48 saatte 32,0 mg/mL dozu disinda canl trofozoit orani ve
sayisinin hizh bir azalma gosterdigini ortaya koydu. MAVA en yiiksek dozunda 3 saat
icinde trofozoitlerin ¢ogalmasini baskiladi. Kistlerin bu baskilayic1 etkiye daha direncli
olduklar1 saptandi. MAVA'nin yapisal karakterizasyonu Fourier Transform Infrared ve
niikleer manyetik rezonans (*H-NMR) ile dogrulandi. Yiizey morfolojisi ise hem taramali
elektron hem de atomik kuvvet mikroskobu ile goriintiilendi. Sonu¢. Bulgularimizin
1518inda MAVA, Acanthamoeba trofozoit ve kistleri iizerinde gosterdigi amobisidal
etkilerden dolay1 daha fazla arastirilmay: hak etmektedir.

Anahtar sozciikler: Poli(maleik anhidrit-ko-vinil asetat) kopolimeri, Acanthamoeba
spp. trofozoiti, Acanthamoeba spp. kisti, amobisidal aktivite, biyoaktif polimerler

Introduction

Maleic anhydride (MA) is a multifunctional chemical intermediates that find applications
in nearly every field of industrial chemistry. It contains two acid carbonyl groups and a
double bond in a,  position [1]. MA is a unique comonomer, because it does not readily
undergo homopolymerization, but forms copolymers without difficulty. MA containing
copolymers shows many and various biological activities; when they are incorporated into
other monomers such as styrene, methyl methacrylate or vinyl acetate [2]. The first
biological studies have been carried out for MA containing relatively simple polymer,
maleic anhydride-divinyl ether (DIVEMA), using tumor cell lines [3]. Later on it has been
shown that DIVEMA also possessed antiviral, antibacterial, and antifungal activities [4,

5].

Acanthamoebas are free-living microorganisms that can also act as opportunistic
pathogens and are the causative agent of Acanthamoeba Kkeratitis (AK) and
Granulomatous Amebic Encephalitis (GAE) [6]. The infection of the human eye with
parasite causes a sight-threatening keratitis [7]. The life cycle consists of two stages, a
vegetative trophozoite stage and a dormant cyst stage. The trophozoite is motile,
proliferates and feeds on other microorganisms such as bacteria, algae, yeasts or small
organic particles. In adverse conditions, the trophozoites encyst and form a double wall
containing cellulose. Noticeably, cysts are much more resistant to extreme environments
than trophozoites [8]. Acanthamoeba sp. has spine-like structures on its surface called
acanthopodia that distinguish it from other free-living amoeba.

The acanthopodia are crucially important in adhesion to surfaces, movement or capturing
prey. Acanthamoeba can uptake of large volumes of solutes/particles by invagination of
the plasma membrane and engulf large particles which may require specific interactions.
Besides free-living in the soil, some species are opportunistic pathogen that can cause
disease in humans and other animals. The other free-living amoebae that infect humans
are B. mandrillaris, N. fowleri, and Sappiniadiploidea. The most common type of
Acanthamoeba infection is Acanthamoeba Kkeratitis (AK). Other infections include
granulomatous amebic encephalitis (GAE) and full body infection. GAE is a very rare
form of Acanthamoeba infection and characterized by a chronic progressive central
nervous system infection. The infection usually affects immunocompromised individuals
including AIDS patients and patients with a diabetes, malignancies, malnutrition, or
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systemic lupus erythematosus [9-11]. AK is the disease where amoebae invade the cornea
of the eye and may lead to blindness. This type of disease is commonly associated with
contact lens use, corneal trauma and history of exposure to possibly contaminated fresh
water [12, 13].

The current AK treatment involves a combination of an amoebicidal drug, such as
hexamidine (Desomedine®) or an aromatic diamidines (propamidineisethionate), with
chlorhexidine gluconate or biguanides (PHMB) [14-16]. Isethionate is a water soluble
compound consisting of a short chain alkane sulfonic acid containing hydroxy group.
Chlorhexidine, a bisbiguanide antiseptic, is effective on bacteria, fungi and enveloped
viruses. It is used at low concentrations in many products, such as mouthwash and
contact lens solutions. Unlike AK, meningoencephalitis due to Acanthamoeba sp is
thought to be unresponsive to chemotherapy and even today, there is no standardized
treatment of this type of disease. However, an effective treatment of two cases is reported
with an oral combination of ketoconazole, rifampicin and cotrimoxazole in an
immunocompetent host [17].

So far the amoebicidal effect of MAVA or MA containing copolymer on Acanthamoebas
has not been investigated [2, 18-20]. So this study involves amoebicidal effect of MAVA
on Acanthamoeba castellanii, for both trophozoites and cysts forms. Our main goal is
designing MA containing copolymers as a carrier for the drug. Furthermore antiamoebic
drugs will be bound to MAVA backbone according to Ringsdorf model, proposing for
polymer/drug conjugates. Further studies are needed on possible mechanisms and
targets for amoebicidal activity of new polymer or polymer/drug conjugates.

Material and Methods

Materials

Maleic anhydride (MA), methyl ethyl ketone (MEK), and benzoyl peroxide (BPO) were
obtained from Merck (Germany). Vinyl acetate (VA) and ethyl acetate were obtained from
Sigma-Aldrich (USA). Ethyl alcohol and petroleum ether were obtained from Smyras
(Teknik, Turkey).

Synthesis of MAVA copolymer

MAVA copolymer was synthesized by free radical polymerization of maleic anhydride
(MA) and vinyl acetate (VA) at 1:1 molar ratio in methyl ethyl ketone (MEK) using benzoyl
peroxide (BPO) as an initiator, at 80°C, for 24 h. Detailed information about this process
can be found elsewhere [2, 21, 22]. Briefly, the polymerization of MA (recrystallized from
benzene) and VA was carried out in a 100 mL three-necked round-bottom flask. MA (4.9
g, 50 mmol) was placed into the flask then dissolve in MEK (10 mL). To this solution VA
(4.63 mL, 50 mmol) was added and stirred at room temperature for obtain homogeneos
mixture. The copolymerization was started by adding BPO (0.05 g, 0.2 mmol) as a source
of free radicals. Final volume of reaction was adjusted to 25 mL by adding MEK. The
reaction media protected from light for homopolymerization reactions of VA. The
resulting mixture was stirred continuously at 80°C for 24 h. Then it was purged
continuously and allowed to continue until the first white precipitate products observed
after the addition excess of cold ethyl alcohol (25 mL) at -20°C. The mixture was then
cooled to room temperature. Unreacted vinyl acetate or its homopolymers were removed
by dissolving the precipitate in ethyl acetate (20 mL) for 24 h and reprecipitating with
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petroleum ether. The final sample was filtered under vacuum and then dried at 55°C for
24 h.

Structural Characterization

MAVA copolymer was prepared as KBr pellets (2 mg sample in 100 mg KBr) and analyzed
by Fourier Transform Infrared (FTIR) spectrophotometer (Mattson 1000, Unicam, USA)
at 400 - 4000 cm? with 4 cm? increment. Nucleer Magnetic Resonance (*H-NMR)
analysis was performed at 400 MHz (BrukerAvance III, Karlsruhe, Germany) using 6 mg
of the copolymer sample dissolved in 0.8 mL dimethyl sulfoxide (DMSO). Sample surface
morphology was visualized by Scanning Electron Microscope (SEM) (LEO 440 Mensegi
England). Sample surface morphology was also visualized by AFM (NanoScope VEECO,
Manheim, Germany) from Digital Instruments operating in the tapping mode (not in
contact with the sample) in air. MAVA sample was then suspended in ethyl alcohol and
dried in droplets on silicon wafers. The images were taken at ambient temperature and
humidity.

Preparation of Acanthamoeba castellanii trophozoites and cysts

Acanthamoeba castellanii cysts were kindly supplied from Dr. Beattie Tara (University of
Strathclyde, Glasgow) on non-nutrient agar (NNA) plates. Prior to present study,
axenisation was achieved by incubating them in 0.1 N HCI overnight in order to eliminate
coexisting bacteria. Then, cysts were washed three times in distilled water. Finally,
parasite incubated in axenic PPYG (protease peptone, yeast extract, glucose) medium and
the trophozoites in the sixth day were further used in the assay [23]. The trophozoites
were concentrated by centrifugation at 1500xg for 5 min [24]. The number of viable
trophozoites was determined by trypan blue dye exclusion and direct trophozoite counts
on a hemocytometer [25]. The final concentration was adjusted to 10x105
trophozoites.mL and the trophozoites were used in the assay immediately. Three week’s
old cultures of Acanthamoeba castellanii were used in cyst assay. The cysts were
harvested by washing in distilled water and were adjusted a final concentration of 10x105
cysts.mL" as previously described.

Assessment of the amoebicidal effect

MAVA was dissolved and diluted in distilled water. In fact, in aqueous solutions this
copolymer is hydrolyzed to two neighbouring carboxyl groups in a structural unit and
behaves as a dibasic polyacid [19]. Subsequently, Acanthamoeba castellanii
trophozoites/cysts were exposed to serial concentrations (1, 2, 4, 8, 16 and 32 mg.mL) of
MAVA for 72 h. Trypan Blue Dye Exclusion test was used to determine the cell viability.
The principle of the test is that live cells possess intact cell membranes that exclude the
dye, whereas dead cells do not. For the test, 50 pL cell suspensions was simply mixed with
the same volume of 0.5 % dye at certain hours; 1, 2, 3, 6, 8, 24, 48 and 72. The mixture
was allowed to incubate 3 min at room temperature and then the unstained (viable) and
stained (nonviable) cells were counted separately in the hemocytometer [26]. The
experiments were repeated three times. The cell viability calculated as follows:

Viability % = The number of viable trophozoites / The total number of trophozoites
(viable + nonviable)

For cultures containing no viable cysts, an additional test was performed to confirm the
results obtained. In order to evaluate their viability, cysts were inoculated onto a non-
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nutrient agar plates covered with a lawn of Escherichia coli after the each incubation
period. The culture plates were incubated at 30°C for two days [27].

Statistical analysis

Nonparametric tests were used in statistical analysis, because of the samples size (less
than 30). The data were presented as mean values with standard deviations and analyzed
by Kruskal-Wallis followed by Mann-Whitney U test for post-hoc pairwise comparisons.
The Kruskal-Wallis test compares three or more unpaired groups. The Mann-Whitney U
test is used in place of an unpaired t-test. The P-value was set at 0.05 for significance
level.

Results and Discussion

FTIR Analysis

MAVA copolymer (Fig. 1) had anhydride units at 1880 cm, and 1804 cm™ as expected,
indicating symmetric and asymmetric C=0 stretching vibrations, respectively [28-30].
Characteristic C-O stretching vibrations at 1242 cm and 1012 cm* and a CH; group of VA
stretching vibration at 1395 cmt were observed [31]. These findings supported the MAVA
copolymer structure as expected.
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Figure 1. FTIR spectra of the MAVA copolymer.
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NMR Analysis
Characteristic features of the MAVA spectrum were a chemical shift of two protons on MA

groups at 5.4 ppm, three methyl protons at 2 ppm [18, 19]. -CH2 protons on VA,
approximately at 2 ppm; and a multiplet peak for —CH, bound to oxygen at 1.1 ppm (Fig.
2) [2, 30]. These findings supported the MAVA copolymer structure as expected.
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Figure 2. NMR spectra of the MAVA copolymer.
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SEM Images of the MAVA

Surface features of the copolymer were visualized by SEM at differing magnifications
(MAVA at 20.00 KX-1 um, 20.00 KX-2 um, 10.00 KX-2 um, and 5.00 KX-10 um; KX,
magnification; pm, resolution Fig. 3). In the images it was obvious that MAVA copolymer
had surfaces characterized by evenly uniformly distributed cavities.

Figure 3. SEM images of MAVA copolymer: (a) 20.00 KX-1 um, (b) 20.00 KX-
2 um, (c) 10.00 KX-2 um, (d) 5.00 KX-10 pm.
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AFM Images of the MAVA

Surface morphology of the copolymer were also visualized by AFM, set at the tapping
mode that has several advantages over the scanning electron microscope (SEM): AFM
produces three-dimensional high resolution surface images, and samples do not require
any prior treatments such as metal/carbon coatings that would irreversibly change or
damage the sample [32, 33]. Surface features of MAVA were visualized by AFM at
differing scan size and data scale values; 20.00 um, 10.00 um, 5 um, and 2 pm; (Fig. 4a,
4b, 4c¢ and 4d, respectively) [34]. Digital Instruments NanoScope values essentially
demonstrated samples under the conditions their images were taken. MAVA copolymer
was scanned at 1.001 Hz and nm or um expressions indicated the area, of which the
images were produced. By inspection of the images with naked eye it could easily be noted
that the roughness of the MAVA was quite less and properly surface.

Figure 4. AFM images of MAVA copolymer: (a) 20 pm, (b) 10 um, (c) 5 pum,
(d) 2 pm.
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Amoebicidal effects of MAVA

The result of the in vitro effect of MAVA copolymer on Acanthamoeba castellanii
trophozoites and cysts from one hour to 96 hours of incubation was summarized in
Tables 1 and 2. MAVA had a dose and time dependent effect on Acanthamoeba castellanii
with concentrations ranging between 1.0 and 32.0 mg.mL (Figs. 5-7). The total number
of viable trophozoites/cysts was different in all five different concentrations of MAVA as
indicated by the Kruskal-Wallis test (trophozoites; K-W statistics =41.174, DF = 6, P <

0.05, cysts; K-W statistics = 31.419, DF = 6, P < 0.05).

Table 1. In vitro antiamoebic activity of polymer, against Acanthamoeba
castellanii trophozoites.

MAVA Measurement times (h)

(mg/mL) | 1 2 3 6 8 24 48

1 99.3+1.2 97.7£0.6 | 94.3+1.5 93.7+1.5 90.3+1.5 86.7+4.2 | 84.3+4
2% 97.3+1.2 95.3+0.6 | 92.3+1.5 89.3+4 86.7+4.5 | 85+5 82+4

4* 82.7+2.1 76.7+1.5 74.3+2.1 64.7+2.5 56.7+3.1 43.3+3.5 | 35.3+2.5
8* 77.7+3.8 72.7+£3.5 60.3+3.8 | 47.3+£3.1 39+1 22+2.6 0

16* 57.3%4.5 | 39.742.5 | 31.3+4.5 19.3+1.5 10.3+1.5 0 0

32% 21.0+3 12+3.6 0 (o} 0 0 0
Control 96.7+1.5 96.3+1.5 96+1 095.7+2.3 95.74£2.1 95.3+1.5 95

Data was presented as mean + SD. *Significant differences from controls determined with Mann-

Whitney test at p<0.05.

Table 2. In vitro antiamoebic activity of polymer, against Acanthamoeba
castellanii cysts.

MAVA Measurement times (h)

(mg/mL) | 1 2 3 6 8 24 48

1* 97+1 94.3+2.1 93+1 88+2 84.3+£0.6 | 8213 77+£2.6
2% 94+1 92.3+1.5 88+2.6 82.3+1.5 80.3+1.5 74.7+1.5 73+1.7
4* 91+1.7 85.0+1 83.3+2.9 | 79.3+3.1 74.7+1.5 66+3 61.3+2.9
8* 87.7£1.5 82.0+3 75+3 67.7+2.5 62.3+2.5 | 52.7+2.5 | 38.7+1.5
16* 84.7+1.5 81.3+2.3 70.3+4.7 | 61+6.2 45.3+0.6 | 34.3+2.1 0

32% 83+4.6 71.3+1.2 59+2.6 47.3+3.2 | 33£3.5 0 0
Control 99.3+1.2 98.7+£0.6 | 97+1 97+1.7 9741 96.3£1.5 96+1.7

Values presented as mean + SD. *Significant differences from controls determined with Mann-

Whitney test at p<0.05.

Karakus et al.: Amoebicidal activity of MAVA

This is an open-access article distributed under the terms of the Creative Common Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author(s) and
source are credited.

This article may be cited as: Karakus G, Malatyal E, Zengin HB, Degerli S. In vitro amoebicidal activity of
poly(maleic anhydride-co-vinyl acetate) copolymer on Acanthamoeba spp. trophozoites and cysts. Basic Clin
Sci 2013; 2: 1-14. DOI: http://dx.doi.org/10.12808/bcs.v2i1.16




- wBasic and Clinical Sciences
ISSN 1309-5102

www.bcsciences.com

DOI: http://dx.doi.org/10.12808/bcs.v2i1.16

Basic Clin Sci 2013; 2: 1-14

100 Control
__ﬁ___‘—__i__
_\__\_\_\_‘_‘k—\—\_
T————=—=—=—— {1t mgmL"
80 e R
2 mg rE
=
£60
=
&
et
©
o 40
4 mg mL™'
20
0 T T T T T T
0 1 2 3 6 8 24 48
Time (Hour)

Figure 5. Effect of MAVA on the viability of Acanthamoeba castellanii
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Figure 6. Effect of MAVA on the viability of Acanthamoeba castellanii cysts.
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Figure 7. Viable and nonviable A. castellani trophozoites (a and b). (a) Three
viable trophozoites of A. castellani before MAVA addition. (b) Stained
(nonviable) trophozoite after three hours of incubation with MAVA (32
mg.mL1). Viable and nonviable A. castellani cysts (¢ and d). (c¢) Viable cysts
of A. castellani before MAVA addition. (d) Stained (nonviable) cysts after 24
hours of incubation with MAVA (32 mg.mL?).

In the period of 48 h, the percentage and the number of viable trophozoites showed a slow
decrease except the dose of 32.0 mg mL*. The copolymer in the highest dose inhibited the
proliferation of trophozoites in three hours. The cysts were more resistant to the
inhibitory effect of copolymer.

Chlorhexidine has amoebicidal activity, the mechanism of action being membrane
disruption [35, 36]. It was expected that MAVA would not have an effect in such way,
since the cells had been kept their anatomical shape even after treatment. Pinocytosis
and/or phagocytosis are used as a means of feeding, providing part or all of their
nourishment for Acanthamoebas. A fundamental step in phagocytosis is the receptor-
mediated recognition of a prey such as mannose receptor [37]. It can be concluded that
any substances that cover the cell surface may cause an inhibition in feeding of parasite.
MAVA may have such an effect the kept shape of parasite may be a possible outcome.
However, it has to be considered that the entrance of vital dye inside the cell will not
affected from MAVA. It is too large to enter cell membranes hence it must be broken into
small pieces. Many amoebicidal drugs are effective over cell membranes, a similar way of
action could be suggested [38].

Many natural and synthetic products have been investigated for their antiamoebic activity
and some plant products have been shown to inhibit the growth of parasite [10, 39-45].
The reported MIC doses in these studies ranged from 10 to 8 mg mL. In the present
study, we have demonstrated that higher level of MAVA inhibits cell proliferation and
induces cell mortality of Acanthamoeba trophozoites. Further studies are needed on
possible mechanisms and targets for amoebicidal activity of newer polymer.

Conclusions

So far the amoebicidal effect of MAVA or MA containing copolymer on Acanthamoebas
has not been investigated. This study involves amoebicidal effect of MAVA on
Acanthamoeba castellanii, for both trophozoites and cysts forms. We have demonstrated
that higher level of MAVA inhibits cell proliferation and induces cell mortality of
Acanthamoeba castellanii trophozoites. Further studies are needed on possible
mechanisms and targets for amoebicidal activity of newer polymer. Furthermore
antiamoebic drugs will be bound to MAVA backbone according to Ringsdorf model,
proposing for polymer/drug conjugates. In the lights of these results it could be suggested
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that MAVA copolymer deserves further investigation in order to assess its amoebicidal
effects on Acanthamoeba trophozoites and cysts.
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