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Abstract. Introduction. Acrylamide plastics are widely used in orthopedic dentistry. Studies of their susceptibility to 
microbial adhesion are relevant, since the restorative material made on the basis of these polymers can become a 
reservoir for microorganisms that can infect peri-implant tissues and cause inflammation. The purpose of the study 
was to test the adhesive ability of clinical strains of Candida to samples of acrylamide plastics. Materials and methods. 
50 clinical strains of Candida fungi have been studied for the formation of biofilms during cultivation on acrylamide 
plastics. Plastic samples were treated with an inoculum of fungal cultures for 48 h at 37 °C. The values of their optical 
density (λ=560 nm) were a quantitative assessment of the biomass of the formed films. The results of the study. 
Quantitative analysis of the biofilm biomass showed that after 48 h all fungal strains formed a biofilm on the surface 
of the tested polymer discs. The highest quantitative values of the biofilm biomass were noted in the cultivation of 
C. albicans. Conclusion. It was noted that the type of material is not a key growth restriction factor for C. albicans. 
A set of measures is needed that combines optimal mechanical processing methods with the use of antimicrobial drugs 
to prevent the formation and accumulation of biofilms.
Key words: fungi of the genus Candida; Candida albicans; biofi lms; acrylamide plastics.
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Резюме. Введение. Акриламидные пластмассы широко используются в ортопедической стоматологии. Ис-
следования их восприимчивости к микробной адгезии актуальны, поскольку изготовленный на основе этих 
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полимеров реставрационный материал может стать резервуаром для микроорганизмов, которые могут по-
ражать периимплантные ткани и вызывать воспаление. Целью исследования было проверить адгезионную 
способность клинических штаммов грибов рода Candida к образцам акриламидных пластмасс. Материалы 
и методы. Исследовано 50 клинических штаммов грибов рода Candida на предмет образования биопленок 
при культивировании на акриламидных пластмассах. Образцы пластмасс обрабатывали инокулятом культур 
грибов в течение 48 ч при 37 °C. Количественной оценкой биомассы сформировавшихся пленок были значения 
их оптической плотности (λ=560 нм). Результаты исследования. Количественный анализ биомассы биопленки 
показал, что через 48 ч все штаммы грибов образовали биопленку на поверхности тестируемых полимерных 
дисков. Самые высокие количественные  значения биомассы биопленок были отмечены при культивировании 
С. albicans. Заключение. Было отмечено, что тип материала не является ключевым фактором ограничения роста 
для C. аlbicans. Необходим комплекс мероприятий, сочетающий оптимальные методы механической обработки 
с использованием антимикробных препаратов для предотвращения образования и накопления биопленок.
Ключевые слова: грибы рода Candida; Candida albicans; биопленки; акриламидные пластмассы.

the biofilm formation which involves not only the mucous 
membranes but also the surfaces of the medical devices [3], 
thus, resulting in infection and the following medical assis-
tance. Nowadays the genus Candida fungi ability to produce 
biofilms is considered as the most important factor of viru-
lence [5], resulting in grave clinical conditions. Genus Can-
dida fungi present in biofilms is highly resistant to antifungal 
therapy and resists to some immune factors of the host. 

OBJECTIVE OF THE STUDY

The purpose of the study was to test the adhesive ability 
of clinical isolates of Candida strains to samples of acryla-
mide plastics which is used in prosthetics.

MATERIALS AND METHODS

Methyl methacrylate plastics Belacryl-M HO (Russia), 
ethyl methylmethacrylate plastics Belacryl-E HO (Russia) 
and Protacryl-M material (Ukraine) samples were inves-
tigated. 10 samples from each material with the diameter 
of 20 mm and height of 8 mm were involved. 50 strains of 
Candida fungi were studied: С. albicans — 23, C. tropica-
lis — 14, C. krusei — 8, C. glabrata — 5. All the strains 
were cultivated in 5% blood agar (24 h at 37 °C) to obtain 
separate colonies. To prepare inoculum the cultures were 
suspended in fluid Biomedia (Saburo) environment until 
they reached the density of D600 0,025±0,005 (NanoPho-
tometer N60-Touch, Germany). The tested materials were 
placed in the plates (Fudau Biotechnology, Russia) were 
2 ml of inoculum were introduced. Cultivation lasted 48 hours 
at 37 ° C. After incubation the samples were tho roughly 
washed twice in phosphate buffered saline (PBS), pH 5.0, 
to remove planktonic cells. The biofilm biomass was as-
sessed by the method [2] according to the research modi-

INTRODUCTION

The oral cavity is the most important biotope of the hu-
man body which is inhabited by various microflora repre-
sented by more than 700 kinds of the microorganisms and 
which plays an important role in cooperation of the human 
body with its environment [6]. A specific microbiota inha bits 
the oral cavity and tends to colonize the surfaces of the 
teeth, tongue and mucous membranes of the mouth, soft 
tissues, tooth implants and restorative materials.

The microorganisms colonizing the oral cavity mainly 
remain in the biotopes where the biofilm formation takes 
place. As a part of biofilms the microbes become more 
resistant to the immune factors, antibiotics etc. instead of 
those solely inhabiting ones, this factor promotes and ag-
gravates such oral conditions as caries, periodiodontal dis-
orders, infections associated with the implants and candi-
dosis of oropharynx. Polymicrobial biofilm infection on the 
teeth implants is considered to be the main cause of peri-
implant diseases. Oral streptococci such as Streptococcus 
sanguinis, Streptococcus mutans, Streptococcus oralis and 
Streptococcus mitis are considered to be the colonization 
“pioneers” prior to plague formation [11], the process in-
volves both the bacteria and the fungi. Thus the oral cavity 
is being colonized by various genus Candida fungi which 
are commonly associated with the disorders of the mucous 
membranes of the oral cavity. Candida albicans, Candida 
tropicalis, Candida parapsilosis, Candida glabrata, Candida 
krusei and Candida dubliniensis are most common types 
among them antibiotic-resistant strains are present [1, 4]. It 
is revealed that genus Candida fungi are characterized by 
expressive adhesive properties and they can be absorbed 
in biotic and abiotic surfaces including acrylic dentures. Ad-
hesion and colonization seem the first and the most impor-
tant stage in infectious process underlying and preceding 
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fication: the biofilm stained by gentian violet was extracted 
with ethanol, decanted, and separated 20 times to assess 
the optical density by spectrophotometer (PE-5400 UV) at a 
wavelength of 560 nm. Sterile disks were used as a nega-
tive control.

The amount of viable microorganisms in the biofilm was 
detected by counting colony forming units (CFU). After bio-
film formation the samples were thoroughly washed three 
times in 1 ml of PBS to remove the cells which were not 
detached. Then they were placed in centrifuge tubes filled 
with 1 ml of PBS, they were vigorously shaked for 2 min 
in LAUDA Varioshake VS 15 R (Germany) to disperse the 
cells which sticked to the disk surface. The cellular sus-
pension of each sample was three times consequently dis-
solved in PBS ten times and applied Saburo agar. They 
were incubated for 48 h at 37° C. The amount of the  viable 
cells which formed the colonies was indicated in CFU/mL. 
All the results are represented statistically according to 
STATISTICA 12.0. 

RESULTS AND DISCUSSION

The quantitative analysis of the biomass formed on the 
biofilm revealed that all strains of the fungi formed the bio-
film on the surface of the tested polymer disks in 48 h. The 
quantitative analysis noted the highest number of biofilm 
biomass represented by of C. albicans (Table 1).

High values of biofilm biomass in cultivation of C. albi-
cans to a great extent are associated with the adhesive 

activity of these fungi. In comparison with the other Can-
dida genus, C. albicans forms complicated biofilms which 
are composed of a merging basal layer of blastospores and 
covered with thick layer of matrix and containing extracellu-
lar material and hypha. The other isolates form only blasto-
spore basal layer [8;10]. Morphological transition of C. albi-
cans from yeast to micelial cells is one of the main factors 
of virulence as it contributes not only to significant spread 
of the culture on the polymer surface but also impairment 
of the mucous membrane of the oral cavity caused by acid 
proteases.

The results of calculation of the viable cells derived from 
the biofilms referred to the dynamic of biofilm biomass for-
mation by different genera of Candidae (Table 2).

It was noted that the type of the material was not a limi-
ting key factor for C. albicans growth. Though there was de-
crease of C. glabrata and C. tropical growth on the surface 
of Belacryl-M HO.

Survival rate of C. albicans on polymer materials is as-
sociated with extracellular polymer matrix formation ability, 
which overlaps the cells and pseudohyphae of the fungi, 
thus, it prevents the inhibiting factors [12].

Acrylamyd plastics are the most common type of polymer 
materials in dentistry. Nevertheless there are no extended 
research works concerning biofilm formation on these ma-
terials. Microorganisms which adhere to the dental implants 
and dentures can cause different infectious processes, ag-
gravating pulp pathology in particular [7, 9]. Intensive bio-
film formation on the restorative materials in the oral cavity 

Table 1
Quantitative characteristics of biofilm biomass based on absorption values depending on the type of restoration material

Таблица 1
Количественные характеристики биомассы биопленки на основе значений поглощения в зависимости 

от типа реставрационного материала
Материал / Material С. albicans C. glabrata C. tropicalis C. krusei

Белакрил-М ХО / Belacril-М HО 2,62 1,29 1,54 1,9
Белакрил-Э ХО / Belacril-E HО 2,07 1,43 1,8 1,54

Протакрил-М / Protacril-M 2,19 2,0 2,04 1,62

Table 2
Number of viable microorganisms in biofilms, expressed in colony forming units (CFU/ml)

Таблица 2
Количество жизнеспособных микроорганизмов в биопленках, выраженное в колониеобразующих единицах (КОЕ/мл)

Материал / Material С. albicans C. glabrata C. tropicalis C. krusei

Белакрил-М ХО / Belacril-М HО 5,87×106 1,63×106 2,28×106 2,86×106

Белакрил-Э ХО / Belacril-E HО 5,14×106 1,80×106 2,62×106 2,24×106

Протакрил-М / Protacril-M 5,99×106 3,05×106 3,14×106 2,24×106
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is revealed in a day, even a temporary restorative mate-
rial can aggravate the oral health condition, which requires 
measures to prevent accumulation of the microorganisms 
and formation of the biofilm.

CONCLUSION

All the investigated genus Candida types have shown 
high capability in biofilm production in all mentioned above 
acrylamide plastic samples. It was revealed that Candida 
albicans was characterized by the highest quantitative 
value prevalence. Intensive biofilm formation by the fungi 
on these materials during the restorative work in the oral 
cavity is a risk factor for infectious complications. Complex 
of measures including optimum mechanical debridement in 
combination with antimicrobial medications are required for 
effective oral hygiene.
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