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ABSTRACT

Antimicrobial susceptibility test for poly (AN-co-VP) copolymer, which we think could be an ideal drug in treatment interventions
was evaluated with disk diffusion method and minimum inhibitor concentration. In the antimicrobial measurement data, it was
determined that the poly (AN-co-VP) copolymer dissolved in pure water is a significant inhibitory property against the growth of yeast
(on Candida spp. with 11.33+0.3 mm barrier area) and dermatophyte fungi (on Epidermophyton sp. and Trichophyton sp. with 12.33+0.3
mm barrier area) (p<0.001) and no inhibitory properties were observed in preventing the growth of all bacteria (Escherichia coli, Pseu-
domonas aeruginosa, Klebsiella pneumoniae, Staphylococcus aureus, Bacillus megaterium). MIC limit values that prevent the growth of
dermatophytes and yeasts supporting the disc diffusion method are 50-100 pL. This study is an alternative approach in order to limit the
spread of superficial fungal infections they cause and eliminate these infections that tend to become chronic since this polymer extract

has no inhibitory properties on bacteria but prevents the growth of yeast and dermatophytes.
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0z

edavi girisimlerinde ideal bir ilag olabilecegini dustindigtimiz poli (AN-co-VP) kopolimer igin antimikrobiyal duyarlilik testi disk di-

flizyon yontemi ve minimum inhibitor konsantrasyonu ile degerlendirildi. Antimikrobiyal 6lglim verilerinde saf suda ¢6zinmius poly
(AN-co-VP) kopolimer mayalarin (11.33+0.3 mm bariyer alanina ile Candida spp. tizerinde) ve dermatofitin mantarlarin (12.33+0.3 mm
bariyer alani ile Epidermophyton sp. ve Trichophyton sp. tzerinde) (p <0.001) blyUmesine karsi 6nemli bir engelleyici 6zellik gosterdi-
gi belirlenmistir ve tim bakterilerin (Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, Staphylococcus aureus, Bacillus
megaterium) buyimesini engellemede herhangi bir inhibitor 6zellik gézlenmemistir. Disk diftizyon yontemini destekleyen dermatofit
ve mayalarin biyiimesini engelleyen MiK sinir degerleri 50-100 pLydir. Polimer ekstraktinin bakteriler iizerinde engelleyici 6zelligi yok-
tur, ancak maya ve dermatofitlerin biytmesini engellemistir. Bu ¢alisma, neden olduklari ylizeysel mantar enfeksiyonlarinin yayiimasini
sinirlamak ve kronik olma egiliminde olan bu enfeksiyonlari ortadan kaldirmak igin alternatif terapotik bir ilag etken maddesi girigimi
icin yapilmistir. Bu ylzden elde edilen antimikrobiyal duyarlilik testi verilerine gore bu polimer tedavi amagli olarak yeni fungal ilaglarin
formulasyonlarinda kullanilabilir.
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INTRODUCTION

ome medicines nowadays used to eliminate fungal
Sinfections are not many compared to those used
for bacterial infections. The development of resistan-
ce against this limited number of drug groups require
defective measures to be taken, especially at the end
of the 90’s. Antifungal sensitivity tests, which are the
first step in the regulation of the treatment of fungal
infections, thanks to studies conducted in our country
and then the selection of the appropriate antifungal
was made [1]. Only 50 of 12 million fungal species found
in litarature cause diseases in humans and animals [2].
Candida species are the most common types of super-
ficial and deep fungal infections. However, molds and
dermatophytes are among the most common species
[3].

Many examples are known to show that Candida is op-
portunistic pathogens. Yeast fungi belonging to the ge-
nus Candida is found in humans in the normal flora of
the skin and gastrointestinal tract, genitourinary tract
and respiratory tract mucosa, and can also be found in
soil and food [4]. The most common clinical symptom
caused by Candida species is candidemia. Candidemia
is a serious clinical condition with high mortality and
difficult to diagnose and treat. Another clinical picture
caused by Candida species is urinary system fungal in-
fections [5].

However, an increase of more than 50% was observed
in the incidence of non-albicans Candida spp. such as
the cause of Candidiasis, C. glabrata, C. parapsilosis, C.
tropicalis, C. krusei, C. lusitaniae, C. dubliniensis and C.
guilliermondii. Due to the resistance of Candida to dif-
ferent treatments and the emergence of some toxic ef-
fects due to antifungal treatments, studies have been
carried out to develop alternative drugs in recent years
[6]. Dermatophytes, one of the most common agents
of superficial fungal infections, are also common in our
country. Dermatophytes are examined under three ge-
nera as “Trichophyton, Epidermophyton, and Microspo-
rum”. When looking at the tissues where it is located,
Microsporum type hair and skin, Epidermophyton type
skin and nails, Trichophyton species hair, skin and nails

[7].

Dermatophyte infections, although very contagious
and widespread, were previously underestimated as
they are generally not life- threatening. However, the

importance of fungal infections, including dermatoph-
ytes has increased gradually due to reasons such as, the
number of patients with vaccinated efficacy and the
increase in the elderly population, the use of drugs with
inhibitory properties in many pathogens [8].

Polymers have used as potential alternative candidates
for preservatives in food packaging to provide a variety
of natural therapeutic agents in the treatment of disea-
ses and other applications [9-11].

In recent years, the preparation of organic-inorganic
copolymer has become the focus of attention due to
low cost in production and high mechanical strength.
The interesting studies are present on the synthesis
of the AN and VP copolymer, which is a component of
this polymer. These alternative medicines can consist of
herbal or polymer compounds. There is no study on the
biological properties of this copolymer. Only very few
studies of the groups within it have been done for the-
rapeutic and antibacterial purposes [12-18].

As a result of our extensive research on the healing of
fungal infections caused by Candida and dermatoph-
yte strains and resistance to antifungals, this polymer;
No data was found on poly (AN-co-VP) copolymer. This
study will reflect the preliminary data. This study was
conducted as an alternative approach in terms of elimi-
nating fungal infections that are difficult to treat. The
goal of this study was to provide therapeutic drugs to
be used in formula as the drug substance in pharmace-
utical industry to remove severe fungal infections that
are highly fatal, difficult to treat in humans.

MATERIALS and METHODS

Screening of inhibitory property

The sample collection and preparation

This polymer synthesized by Tanyol et al. was made su-
itable for grinding [19]. The grinded polymer (0.45 g)
was treated in 5 mL pure water solvent by keeping on
a rotary shaker (100 rpm) for 24 h. Thus, the polymer
extract was obtained. These polymer materials were fil-
tered under suitable aseptic conditions and left at 4°C
for further study. Then, 100 pL (9 mg L?) of polymer ext-
racts were injected into 6 mm diameter (Schleicher& S
hull No: 2668, Germany) blank antibiotic paper discs to
try the test isolates separately.



Microbial strain

The bacteria (Escherichia coli ATCC 25922, Pseudomo-
nas aeruginosa DSM 50071, Klebsiella pneumoniae FMC
5, Staphylococcus aureus COWAN 1, Bacillus megateri-
um DSM 32), yeasts (Candida albicans FMC 17, Candida
glabrata ATCC 66032) and dermatophyte (Trichophyton
sp., Epidermophyton sp.) were tested as species for the
current study. The tested pathogens were taken by the
Department of Biology, Firat University, Microbiology
Laboratory, Elazig-Turkey.

Inhibitory property tests

Agar disc diffusion method

The agar disc diffusion method was performed in order to
detect inhibitory effect. Mueller Hinton Agar, Yeast Malt
Extract Agar and Sabouraud Dextrose Agar were prepared
separately in erlen-meyer bottles under laboratory condi-
tions and brought to 45-50°C pouring temperature, with
the culture of microorganisms to be prepared as explained,
will be added at the incidence of %1 (10° cells mL? of bacte-
ria, 10*cells mL?! yeast and dermatophyta fungi as per Mc
Farland standard). 15 mL medium by shaking well is pou-
red in to sterile petri plates and homogenously distributed.
The discs (6 mm diameter) with treated 100 pL of polymer
extract were added to the appropriate agar media inocu-
lated with microorganism. Then, petri dishes was stored
at 4°C for 2 h. The cultivated petri dishes were left in the
incubator at 37+0.1°C at 24h for bacterial isolates and also
at 2540.1°C at 72h for yeasts and dermatophyte. The an-
tibacterial, antifungal, antidermatophyta characteristic of
polymer extract was evaluated by observing the inhibition
area on the disks [18]. Micostatin and ampicillin sulbactam
were used as positive control. No negative control was
used as the samples were dissolved in pure water. The ex-
periment was repeated twice.

Minimal inhibition concentration

Minimal inhibitory concentrations (MIC) were detected
using the Broth dilution assay. The cultures were obta-
ined in MuellerHintonBroth (Difco, Difco Laboratories,
Detroit, MI, USA). The passages of microorganisms were
prepared with 12- hour broth cultures and the passages
were set at a blur of 0.5 Mc Farland Standard. The poly-
mer was first rare filed to the maximum value 100 pL to
be evaluated, and then serial 2-fold subtilizations were
acquired in a values serial from 6.25 to 100 uL (562.5
-9000 pg) in 10 mL aseptic test tubes including nutrient
broth for bacteria and sabouraud dextrose broth for ye-
ast and dermatophyta fungi. MIC values of this polymer
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against analyzed microorganisms were revealed with
a micro-well dilution method [20]. The propagation of
microorganisms was determined by an EL x 800 univer-
sal microtiter plate reader at 600 nm with optical den-
sity quantity. After incubation for 18-24h at 37+1°C for
bacteria, 25+0.1°C at 72h for yeast and dermatophyte
pathogens. It was defined as the smallest value of that
sample for the nominal value of the polymer used top-
revent proliferation of microorganisms. This is the last
tube symbolization (mg mL?) whose demectric is not
microbial growth.

Statistical analysis

Statistical comparisons were made between the extract
and control groups (ampicillin sulbactam, micostatin) in
relation to measurable preventive activity against bac-
teria, yeast and dermatophytes. SPSS soft ware was
used for statistical evaluation (SPSS Inc., Chicago IL).
The values were achieved by analysis of variance (ANO-
VA) and the lowest significant difference (LSD) tests
were specified as meantSE. P<0.001were evaluated
for the variations between extract and control groups.
P value given as foot notes below Table 1 and 2 were
considered significant effect. This study was conducted
in three repetition.

RESULTS and DISCUSSION

Inhibitory property

There occurs many interactions when polymeric bioma-
terials come into contact with living tissue or physiolo-
gical fluids. Biomaterials have wide application areas in
medicine and dentistry because of the tissue interacti-
ons, bioactivity, and antimicrobial properties that they
constitute in their environment. Their resistance decre-
ases against a hypotonic environment. Molecules that
emerge as a result of burning the substances taken into
the body transforminginto energy by burning them with
oxygen can secrete toxic products such as oxidants. For
example, pharmaceutical products and the develop-
ment of implant materials occur through cell-substrate
interaction. It is enough to research the substrates to
which cells attach and develop in living systems to ob-
tain information on the effect of substrates on the cells.
The drug may have side effects on other tissues during
the transport of the drug to tumors or diseased tissues.
Controlled drug release systems (delivery of the active
substance to the target in the body) have been develo-
ped to remove or minimize these side effects. Moreo-
ver, biocompatible polymers can be biodegraded when

315



316

P. Erecevit Sonmez et al. / Hacettepe J. Biol. & Chem., 2021, 49 (3), 313-320

they are utilized in drug delivery systems. Non-toxic al-
cohols during degradation and other low molecular we-
ight products formed when decomposing can be easily
eliminated by creating acids [21].

While the antimicrobial measurement data showed that
this extract constitutes an important barrier area in ye-
ast and dermatophyte fungi against the development of
the microorganisms tested, it was determined that no
barrier area was observed in preventing the growth of
all bacteria showed (Table 1-2).

The obtained disk diffusion evaluation results were sup-
ported by the results of minimal inhibition concentrati-
on, and this polymer extract was proven to have anti-
fungal and antidermatophyte properties.

Polymer extract has significant barrier area with
11.33£0.57 mm on C. albicans, C. glabrata from yeast
(P<0.001;d) and with 12.33+0.33 against Epidermoph-
yton sp. and Trichophyton sp. from dermatophyta fungi.
These data are used as antimicrobial polymer for hea-
ling efforts on yeast infections dermatophytes and Can-
dida spp. It is an indication that it can be used (Table 1).

Additionally, when looking at the inhibitory property of
the polymer extract, compared to the standard antibi-
otic, this extract has shown a noticeable feature in pre-
venting proliferation of yeast and dermatophyte fungi.

To strengthen the antibiotic test; The antimicrobial pro-
perties of this polymer extract have been tested in bac-
teria, yeast and dermatophyte fungi with MIC values at
concentrations ranging from 100 pL to 6.25 plL.

The data are given in Table 2; The result of the evalua-
tion of the growth of all pathogenic microorganisms for
this extract by MIC analysis was obtained.

The MIC values of the polymer against the growth of
dermatophyte fungi and yeast ranged from 50 puL to
100 pL on average. According to this; results C. albicans,
Epidermophyton sp. growth inhibitory concentration is
50 uL, C. glabrata, Trichopyton sp. for 100 pL. On the
other hand, it did not inhibit the growth of bacteria (E.
coli, S. aureus, B. megaterium, P. aeruginosa) in any of
the concentration range of 100 to 6.25 pL. In this case;
the extract showed a good inhibitory property for C. al-
bicans, Epidermophyton sp. and C. glabrata, Trichopy-
ton sp. with the lowest concentration of 50 and 100 plL
(Table 2).

In previous studies, it was stated that antifungal sus-
ceptibility tests should be performed first and then the
appropriate antifungal should be selected to eliminate
fungal infections [1].

The feature that distinguishes this study is that this poly-
mer was first tested on these microorganisms and cont-
ributed to the pharmaceutical industry with its effec-
tiveness on dermatophyte fungi and yeasts that cause
chronic diseases in humans.

Table 1. The inhibitory property of poly (acrylonitrile-co-N-vinylpyrrolidone) copolymer by the agar disc diffusion method.

Microorganisms

E. coli
S. aureus
B. megaterium
P. aeruginosa

K. pneumoniae

Poly (acrylonitrile-co-N-vinylpyrrolidone)
coploymer extracts

Negative Control
Standart antibiotics

12.33+0.3*
10.33+0.3*
12.33+0.3*
12.33+0.3*
19.66+0.3*

C. albicans 11.33+0.3¢ 12.33£0.33**

C. glabrata 11.33+0.3¢ 8.66++0.33**
Epidermophyton sp. 12.33+0.3¢ 8.66+0.33**
Trichophyton sp. 12.33+0.3¢ 8.66+0.33**

The positive control; ampicillin sulbactam (*) and mikostatin (**) (100 pL and 20pg /disc). No negative control was used as the samples were dissolved in pure water. Inhibition zone > 15 mm

(highly significant effect; p<0.0001; cd), 15 — 10 mm (significant effect; p<0.001;d) : it has not inhibitory property.
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Table 2. The antimicrobial characteristic of poly (acrylonitrile-co-N-vinyl pyrrolidone) copolymer by the minimum inhibition concent-

ration (MIC in 100 uL).

Microorganisms

E. coli

S. aureus
B. megaterium
P. aeruginosa

C. albicans

C. glabrata

Epidermophyton sp.

Trichophyton sp.

In a study conducted on Candida species, it was repor-
ted that formic acid, a low-cost substance, can be used
in treatment at low doses, although it is toxic in high
doses. This makes us think that antimicrobial agents to
be used should be at low doses [4]. Again, In a study for
inhibitory property showed that poly (vinyl pyrrolidone)
was identified as microbicidal [12]. Our data accord to
being this polymer fungicidal by using a low dose.

Factors that affect antimicrobial activity of polymers
are molecular weight, deacetylation degree, pH and
temperature. Both the effect of these factors and the
increase in the rate of the amine group in the polymer
structure used in the study interacting with the culture
medium of the microorganisms and reacting with the
negatively charged microorganism cell wall explain the
antimicrobial effect mechanism of polymer on microor-
ganisms [22].

Many copolymers that gain importance with their reac-
tive functional groups are synthesized, tested and used
for the properties of functional groups. Polymers that
can destroy pathogenic microorganisms are also called
polymeric biocides with antimicrobial properties.

Studies on the properties of both compounds (acrylo-
nitrile and vinylpyrrolidone) are few in number. No stu-
dies have been conducted on dermatophyte and Can-
dida species.

In one study, N-vinylpyrrolidone- maleic anhydride co-
polymer and copolymer complexes prepared with co-
polymer, N, N-diethylaminoethanol (1: 1, 1; 2) showed
high inhibitory properties on all four gram negative

Inhibition area (pL)
Poly (acrylonitrile-co-N-vinylpyrrolidone) coploymer extracts
MIC values

50
100
50
100

bacterial strains [13]. There have been no trials on der-
matophytes and fungi. The copolymer we used in our
study did not show any inhibitory properties on 2 gram
positive and 2 gram negative bacteria. We think that
the reason for this is that the compounds contained in
the copolymer are different and their amounts are not
the same.

N-vinylpyrrolidone, due to its water-soluble structures
and low cytotoxicity. Since it is known that it does not
cause a harsh immune response to the substance, app-
lications in different fields have been evaluated widely.
Homo and copolymers of N-vinylpyrrolidone are scien-
tifically interesting due to their different properties and
allow their use.

Bio-tolerant polymers and low toxicity bio-useful com-
pounds, coagulants and flocculants 2-hydroxymethy-
Imethacrylate and N-vinylpyrrolidone copolymer are
used in drug interventions such as cancer therapy.

In the study on the antibacterial property of Poly
(N-vinylpyrrolidone-co-acrylic Acid)/Diethylaminoetha-
nol, it showed an important inhibitory effect on all bac-
teria with a concentration of 1500 pg per well. On all
bacteria, the ester of the copolymer shows more pro-
perties as it contains the amine group, which is more
antibacterial than the carboxylic acid group [14]. In our
study, the reason why poly (acrylonitrile-co-N-vinyl-2-
pyrrolidone) copolymer does not show inhibitory pro-
perties on bacteria is the low concentration of the co-
polymer and its antagonistic effect on the properties
of the compounds (acrylonitrile, N-vinyl-2-pyrrolidone),
which contain reactive functional groups.
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Studies have revealed that using Curcuma longa increases
antibacterial properties in polyacrylonitrile (PAN). PAN / C.
longa prevented the proliferation of gram positive bacte-
ria more than gram negative bacteria. The most suitable
biocide should not generate toxic products or cause any
adverse reactions that could be evaluated by in vitro cyto-
toxicity tests. In addition, due to the non-cytotoxicity of
the polymer, an excellent cell viability was observed in the
PAN matrix with 200 mg ml ** curcumin loading [15].

The most suitable polymer to be used for wound dressing
should be easy to remove, such as non-cytotoxic, biodeg-
radable, impermeable to bacteria. It has been stated that
poly acrylonitrile is used as a wound dressing material in a
single application to facilitate the healing process [17]. In
our study, the reason why the copolymer containing acr-
ylonitrile does not show inhibitory properties on bacteria
is the negative interaction with other functional compo-
unds and its large molecular weight.

It was found that both compounds were nontoxic in other
studies. The expression proves that this co polymer used
in our study is the ideal antimicrobial polymer. The fact
that polyacrylonitrile nanofibers have the least antibacte-
rial activity on E. coli and S. aureus used in our study sup-
ports the fact that the copolymer used in our study does
not show properties on bacteria [17]. Namely, it is in line
with the data of our study.

In a study, Poly (vinyl- pyrrolidone) nanofibers to evalua-
te the inhibitory effects of the structure of the metal on
some bacteria (E. coli and S. aureus), with different metal-
lic nanofibers (Ag, Cu and Zn) was prepared. It is explained
that the reason for its effect on bacteria is due to the an-
timicrobial activity mechanisms of the polymer, as well as
the toxic effect of low molecular weight substances thro-
ugh the cell membrane more quickly. Moreover, according
to another explanation, a different speciation has been
made in the cultural environment. It is accepted that me-
tals combine with thiol protein groups leading to membra-
ne damage and intracellular metabolic degradation. Silver
nanoparticles have been reported to produce reactive
oxygen species (ROS) that damage bacterial DNA or mi-
tochondria [16]. The data obtained explain the reason why
the polymer is fungicidal that it damages cell membranes
by entering a different interaction in the culture medium
where fungi are present and the formation of cationic anti-
microbial compounds that affect cell mechanisms.

In a study involving acrylonitrile, acrylic acid and acrylo-
nitrile were added to cellulose fluff pulp using ceric am-
monium nitrate as the initiator. It has been determined
that it gives high antimicrobial activity [23].

It has been reported that polyvinylpyrrolidone-based
hybrid materials containing silver nanoparticles de-
monstrate a high level of microbicidal effect against
the growth of bacteria and fungi species used. Accor-
dingly, Antimicrobial activity has been observed against
S. aureus; gram-positive bacteria, E. coli; gram-negative
bacteria, P. aeruginosa; non-fermented gram-negative
bacteria and different yeasts and molds such as Candi-
da krusei, Candida tropicalis, Aspergillus brasiliensis. In
addition, there is no antimicrobial effect against Bacil-
lus subtilis spores, C. albicans and C. glabrata [24]. Itis
thought that the reason for showing in C. albicans and C.
glabrata depends on the dosage used. It is compatible
with showing microbicidal properties on fungi when we
compared with the data obtained.

There is a need for new antifungalswhose in vitro effi-
cacy is determined in order to prevent fungal infections
from be coming both chronicity and easy to spread and
because of the emergence of resistant fungal patho-
gens.

An ideal drug should have a wide spectrum of efficacy
in low concentrations, fungicidal, fungicide and should
not develop fungal resistance, even side effects [25].
Because this polymer is antifungal against the growth
of yeast and dermatophytes, it has the potential to be
used among the ideal drugs to treat dermatophytosis
and candidemia. Inaddition, the data obtained proved
that this polymer, which is a low-cost substance, is not
toxic at high doses, but can also be used for therapeutic
purposes at low dose.

In contrast to the cholesterol structure found in mam-
malian cell membranes, fungi have an ergosterol struc-
ture in their cell membranes in contrast to the choles-
terol structure found in mammalian cell membranes
besides the general antimicrobial mechanism with
negatively charged cell membrane interaction of (N-)
cationic groups in the structure of the copolymer. The
structures in the polymer showed that squalenei that is
the first stage of the biological synthesis of ergosterol,
may avoid the epoxidation step of ergosterol and thus
cause squalene accumulation. The death of the fungal



cell by this mechanism is not due to ergosterol defici-
ency but by the accumulation of squalene in the cell
membrane [19, 26, 27]. It is observed that the polymer
in study is effective on strains of Candida.

According to results of antimicrobial susceptibility, co-
polymer can be utilized as an alternative therapeutic
drug active ingredient for limiting the spread of super-
ficial fungal infections and eliminating these infections
that tend to be chronic. We also think that this polymer
can contribute to different application areas in health
due to research and development studies.
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