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Abstract

Introduction: The majority of biodegradation studies of composite materials use simplified models of microbial biofilm despite the ap-
parent diversity of the oral microbiota. The use of in vitro systems of “artificial mouth” design is a step towards clarifying the synergistic
effect that microbial plaque and human saliva have on composite degradation.

Aim: Establishment of functional parameters for in vitro reproduction of oral biofilms via biofilm reactor systems.

Materials and methods: The CDC Biofilm Reactor system consists of eight polypropylene sticks. The rod cover and the retaining plates
are mounted in a 1-dm glass cylinder with an outlet side opening. The laboratory bioreactor has a working volume of 340 ml. The device
is equipped with a four-blade magnetic stirrer. The system also includes gauging appliances and executive mechanisms for controlling
and adjusting the basic parameters of the process.

Results: Determination of the operating volume of the reactor is performed prior to the experiment along with the time of reach and
stabilization of the set temperature in the design which is 60 min at 120 rpm. A mathematical model is used to calculate the rate of
delivery of growth medium - 11 millilitres per minute. The bioreactor is sterilized by 0.3% neomycin solution for 24 hours. Prior to the
experiment the system is cleansed (via passage) with sterile water for 60 minutes.

Conclusions: The pre-calibration of a bioreactor system allows specification and refinement of its working parameters, thus engaging
for accurate reproduction of the environmental conditions in the oral cavity.
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INTRODUCTION

diversity and a limited supply of nutrients despite being
simple to perform and cost-effective. On the other hand,

Oral environment is inhabited by more than 700 bacterial
taxa. The hard and soft tissues in the mouth are a natural
substrate used by the oral microbiota to form complex and
heterogenic microcosm biofilms.!-3)

The recent focus of contemporary cariology research is
creating controllable and highly reproductive biofilm cul-
ture models via open and closed test systems. The test mod-
els based on a closed system accommodate scarce bacterial

open system models are more complex involving diverse
bacterial spectrum and simultaneously ensuring continu-
ous supply of fresh medium, metabolites removal, and cul-
ture liquid. Shortcomings of this type of model design are
its technique sensitivity, cost, and proficiency to perform.
However, open system biofilm models provide better reg-
ulation of investigation parameters and thus are rendered
superior to closed system designs.*!
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The majority of studies in the literature implement sim-
plified models of microbial biofilm despite the apparent
diversity of oral microbiota. The use of artificial mouth-
based in vitro design is a step towards a better understand-
ing of the bacterial plaque-saliva complex and its combined
effects on the biodegradation of composite materials.

AIM

The aim of this study was to establish the functional param-
eters for in vitro reproduction of oral biofilms via biofilm
reactor systems.

MATERIALS AND METHODS

The CDC Biofilm Reactor system used in our experiment
can accurately simulate an in vivo environment using
computer-controlled facilities (Fig. 1). It consists of eight
polypropylene sticks - biofilm plate holders hinged on a
polyethylene lid. The rod cover and the retaining plates
are mounted in a 1-dm glass cylinder with an outlet side
opening (Fig. 2). The laboratory bioreactor has a work-
ing volume of 340 ml. The device is equipped with a four-
blade magnetic stirrer. The system also includes gauging
appliances and executive mechanisms for controlling and
adjusting the basic parameters of the process. Acidity is
monitored through a pH-electrode and a micro-reference
electrode. Calibration processes are performed with dis-
tilled water. Environmental variables are easily controlled
in the bioreactor. This allows analysis of the biofilm during
its development without contaminating other samples.

Determination of the operating volume of the reactor is
performed prior to the experiment along with the time of
reach and stabilization of the set temperature (60 min at
120 rpm). A mathematical model is used to calculate the
rate of delivery of growth medium (11 millilitres per min-
ute). Prior to the experiment, the bioreactor is sterilized by
0.3% neomycin solution for 24 hours and cleansed (via pas-
sage) with sterile water for 60 minutes.

RESULTS

Table 1 presents the results of this study.

Table 1. Results of the present study

Parameter Value

Time of reach of set temperature (36.6°C) 60 min

Stirring rate 120 rpm

Flow of medium (BMM, species-dependent) 11 ml/min

Cultivation cycle 72 h (species-
dependent)

Working volume 340 ml

Set acidity of the environment (pH) 7pH

Biodegradation of Composite Material

Figure 1. The CDC Biofilm Reactor system simulates an in vivo
environment using computer-controlled facilities.

Figure 2. The rod cover and the retaining plates mounted in a
1-dm glass cylinder with an outlet side opening.
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DISCUSSION

Laboratory microbial culture models simulate the oral
environment for cariology studies. Unlike in vivo studies,
laboratory simulations do not face problems related to the
uncontrollable fluctuations of the oral environment.[>¢!
Two complementary microbiological approaches can be
taken to generate biofilm in microbial culture models. One
of these approaches investigates the evolution of a plaque
microcosm from natural oral microflora.l”! The other ap-
proach is the construction of defined-species biofilm con-
sortia with major plaque species, or a mixture of different
species of the acquired oral bacteria, such as the American
Type Culture Collection (ACTT) bacteria. The designs of
laboratory microbial culture models vary according to the
purpose of the laboratory studies — these models are clas-
sified as closed and open systems. Each system is a com-
promise between the reality of the in vivo ecosystem and
the simplification of the system. However, a well-designed
model and a study allow researchers to obtain precise and
useful results.”)

The closed system

Microbial culture models in the closed system have a finite
supply of nutrients. The growth rates of the biofilm are rap-
id at the beginning of the cultivation cycle when there is
plethora of nutrients. However, this is rarely observed in
the in vivo growth of biofilm.[®*) The growth conditions
will change significantly following the consumption of nu-
trients and the accumulation of metabolic products. Hence,
the physiological and biological properties of the biofilm are
not comparable with those observed in vivo. Researchers use
closed system models for their simplicity, high productivity,
repeatability, controllability of the experimental conditions,
less contamination, and cost-effective properties. The agar
plate and microtiter biofilm models are two examples of a
simple microbial culture model in closed system.

The open system

The open system can be described as a continuous culture
cycle system. It enables the supply of a fresh culture medi-
um and the removal of metabolites and spent culture lig-
uid simultaneously. Hence, the concentration of bacteria
and metabolic products remains constant.'’! Moreover,
the biofilm is able to stay in a stable state or in a dynamic
balance.!'! Nevertheless, the repeatability of experimental
result is low because of the heterogeneity of the biofilm in
the open system.

The open system simulates the in vivo environment bet-
ter than the closed system, allowing better regulation of the
biofilm growth rate and other variables. Common microbi-
al culture models in the open system include the chemostat
model, the flow cell biofilm model, the constant depth film
fermenter model, the drip flow biofilm reactor, the multiple
Sorbarod model, and the multiple artificial mouth model.

The multiple artificial mouth (MAM) is a comput-
er-controlled, multiple station model. A MAM can ac-
curately simulate an in vivo environment using comput-
er-controlled facilities.!'?!

It has several microstations which are relatively inde-
pendent to one another. Different experimental conditions
can be applied simultaneously in different microstations.

Environmental variables can be easily controlled in the
MAM, thus allowing analysis of the biofilm during its de-
velopment without contaminating other samples. Acidity
can be monitored using a pH electrode and a micro-refer-
ence electrode.®! These well-controlled conditions improve
the standardization and flexibility of the MAM, therefore
enhancing its ability to culture biofilms close to natural
oral flora. Sissons et al. found that biofilms developed in
this system exhibited metabolic and pH behaviour that
resembled typical natural plaques.!'? The MAM has been
adopted in different studies, such as biodiversity of plaque,
fluoride and phosphate assay!!>!4], plaque calcium level
measurement!!¥), and the generation of consortia using
major plaque species!'. The biofilm samples in this model
were exposed to the same temperature and gas-phase fluc-
tuation. The MAM aims to mimic the oral environment
therefore saliva substitutes play an important role in the
model. Approximate laminar flows are applied to simulate
the situations in the oral cavity, instead of turbulent flow in
chemostat.

CONCLUSIONS

The pre-calibration of a bioreactor system allows specifica-
tion and refinement of its working parameters, thus con-
tributing to accurate reproduction of the environmental
conditions in the oral cavity. Nevertheless, the repeatabil-
ity of the experimental result is rather limited, because of
the heterogeneity of the biofilm in the open system. More
data need to be collected regarding the resulting biofilms,
formed in a dynamic open system.
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Pe3tome

BBefieHne: B 60NMbIIMHCTBE MCCIEHOBAHNIT 6MOferpaalliy KOMIIO3UTHBIX MaTepPUajIoB JICIIONb3YIOTCA YIPOIEHHbIE MOJIE/IY MM-
KpOOHOI1 6IOIIEHKM, HECMOTPS Ha OYeBVFHOE Pa3HOO6pasye MUKPOOMOTHI IIOIOCTH PTa. VICIIONb3oBaHue in Vitro CCTeM KOHCTPYK-
LMY «UCKYCCTBEHHBII POT» AB/IAETCS IIATOM K BBLACHEHNIO CMHEPreTN4ecKoro 3¢ ¢deKTa, KOTOPbIil MUKPOOHBIIT HAJIET U CTI0OHA YeNo-

B€Ka OKa3bIBAIOT Ha J€Tpafgaliio KOMIIO3UTA.

Lienb: YcranoseHne QyHKIMOHATbHBIX IAPAMETPOB /L1 PEIIPOAYKINY 6JOIVIEHOK IOJIOCTIL PTA if Vitro C OMOIbIO 6VIOIIEHOIHBIX
P€aKTOPHBIX CUCTEM.

Martepuanbl n metofbl: Cucrema CDC Biofilm Reactor cocTout n3 BocbMu IOMITPONIMIEHOBBIX ITaouek. Kpbliiika cTep>xH: U yaep-
KMBAOLIVe ITACTVHBI CMOHTYPOBAHbI B CTEK/ITHHOM LIUIMHJpe AuaMeTpoM 1-dm ¢ oTBepcTreM Ha CTOpOHe BbIXofia. JlabopaTopHBIit
61opeakTop MMeeT pabounit 06béM 340 M. YCTPOIICTBO CHabXKEHO YeTBIPEXIONACTHO MAarHUTHON MelIalKoil. B cocTaB cucTeMsl
TaKXKe BXOJAT M3MepPUTeIbHbIe IPUOOPHI U MCIIOMHUTEIbHbIE MEXaHU3MBI J/I1 KOHTPOJIA ¥ PETyIMpPOBaHUA OCHOBHBIX NTAPaMeTPOB
mporiecca.

Pesynbrathl: [lepes skcniepuMeHTOM IPOBELEHO ONpeneeHne pabodero o6béMa peakTopa, BpeMeH! HOCTVDKEHISI U CTabyIm3arumn
3aJJaHHON TeMIIEpPaTyphbl B pacuéTe, KoTopoe cocTasnAeT 60 myH npyu 120 rpm. C MOMOIIBI0 MaTeMAaTHIECKON MOJeNM pacCuMTaHa
CKOPOCTb JOCTaBKM IMUTATENbHON cpefpl — 11 MummmanTpos B MuHyTy. bruopeakrop crepunusyor 0.3% pacTBOpOM HEOMMIIMHA B
TevyeHne 24 yacoB. [lepey Ha4ya/IOM OIbBITA CUCTEMY OYMIAIOT (IACCUBHO) CTEPU/IBHOI BOJOI B TeyeHMe 60 MUHYT.

3akntoueHue: IpensapuTenbHas KatnbpoBKa 610peaKTOPHOI CHCTEMbI II03BOJIAET CIeLM(UKALMIO I YTOYHeHMe e€ pabouux mapa-
METPOB, TeM CaMbIM 00ecIIedrBasi TOYHOE BOCIIPOM3Be/ieH e YCIOBIUIT OKPYKAIOLLElT Cpefibl B POTOBOI IIOJIOCTHL.

KnwoueBble cnoBa

MCKYCCTBEHHBIIT pOT, 6MOpeakKTop, in vitro, opanbHas 6MONIEHKa
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