TIpunosn, Oppn. 6uon. men. Haykn, MAHY, XXX, 2, ¢. 219-237 (2009)
Contributions, Sec. Biol. Med. Sci., MASA, XXX, 2, p. 219-237 (2009)
ISSN 0351-3254

YIK: 615.463

ON THE POSSIBILITY OF INCORPORATING ANTIMICROBIAL
COMPONENTS INTO GLASS-IONOMER CEMENTS

Dimkov A.,* Nicholson J. W.,2 Gjorgievska E.1

1 Clinic for pediatric and preventive dentistry, Faculty of dentistry,
Skopje, R. Macedonia
2School of Chemical Science, University of Greenwich,
Chatham Maritime, Chatham, Kent, UK

Abstract: Apart from their release of fluorine ions, GICs can potentially be
used as templates for the release of other active antimicrobial ingredients. The aim of
this study was to investigate the possibility of incorporating an antimicrobial compound
into a glass-ionomer cement. For the realization of the aim set we used the comercially
available ChemFlex glass-ionomer cement, a material widely used in restorative den-
tistry. Three groups of the commercial ChemFlex glass-ionomer were prepared, with no
antimicrobial compound added, of 5 samples each — to serve as a control group; and an-
other three groups of the same cement of 5 specimens each were also prepared, but each
with a different concentration of benzalkonium chloride added to it — 1%, 2% and 3%,
respectively — a total of 15 samples. The concentrations of released ions — fluoride and
chloride — were measured at predetermined time instants. In order to determine the
amount of ions (CI" and F’) released into the medium (deionized water) in which the
samples had been placed, we conducted measurements with ion-selective electrodes for
chloride and fluoride at different time instants. We carried out an analysis of the release
of chloride in order to see whether and in what concentrations such release of chlorine,
a constituent of benzalkonium chloride, occurs, and thus to conclude about the possibi-
lity of the antimicrobial effect of the glass-ionomer cement. The common feature of all
three percentages of benzalkonium chloride was that there were differences between the
concentrations of chloride released by the samples with and without the antimicrobial
compound added.

Key words: glass-ionomer cements, benzalkonium chloride, ion-selective electrodes,
fluoride ion, chloride ion, antimicrobial compounds.
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Introduction

Modern science identifies three main factors involved in the develop-
ment of dental caries: pathogenic micro-organisms, incorrect nutrition and xero-
stomy, and several protective factors: saliva, fissures sealing, use of antimicro-
bial agents, fluorides and correct nutrition. These, on the one hand pathogenic,
and on the other hand protective, factors are permanently in a state of balance
which varies during the day. Dental caries will or will not develop depending on
the direction of the change in this balance [36].

Although several pathogenic factors were emphasized, there is no dental
caries without micro-organisms. This is a generally accepted notion based on a
number of scientifically proven facts. Certain micro-organisms of the oral cavity
flora can cause experimental dental caries in vitro; experimental animals raised
in sterile conditions do not develop caries despite a cariogenic diet; certain bac-
teria, which can be proven histologically and microbiologically in the cariosic
enamel, the dentine and the dentine tubes, can be isolated from the cariosic le-
sion [12].

From a preventive viewpoint there are an enormous number of pro-
ducts, both commercial and professional, which have in their structure one or
several different antimicrobial components. As main examples we could cite
fluorine, chlorhexidine, cetylpyridinium chloride, benzalkonium chloride, tri-
closan, listerine, and xylitol.

Fluorine has been used since 1940 because of its acknowledged antica-
ries effects, which mainly refer to the process of demineralisetion/remineralisa-
tion. However, substances containing fluorine manifest antimicrobial character-
ristics as well in the reduction of levels of salivary cariogenic microorganisms,
and affect bacteria in a number of ways, which depends mainly on the concen-
tration of fluorine [2, 35].

The most frequently used antimicrobial substance, for professional use
mostly, is chlorhexidine. There is a quantity of research that has investigated the
effect of chlorhexidine in various forms, various percental presences, and in
combinations with other compounds, with the goal of determining the best me-
thod of application for reduction of oral cariogenic flora — in saliva and plaque
[1, 10, 14, 20, 22].

Cetylpirydinium chloride (CPC), as an active component of oral anti-
septics, has a broad antimicrobial spectrum with a strong bactericidal effect on
gram” pathogenics and a fungicidal effect. Its effectiveness against gram™ patho-
genics and mycobacteria is questionable. The application of CPC in a concen-
tration of 0.05% in rinses results with a direct reduction of bacteria counts [12,
27]. In comparison to chlorhexidine, CPC has fewer residual effects, but as a
result its effect against plaque and gingivitis is weaker.
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The official US pharmacopoeia accepts benzalkonium chloride as an
auxiliary antimicrobial agent [6]. It is the major antimicrobial agent in numerous
toothpastes and mouthrinses [11].

Triclosan and listerine had been used in antiseptic treatment of skin for
years. As oral antiseptics they have been used since the late eighties [2]. Nume-
rous analyses have been made on the efficacy of listerine for inhibition of both
cariogenic and overall viable oral flora, both from the plaque and the saliva [8,
10, 11, 15, 18].

The glass ionomer cements distinguish themselves as the most accep-
table restorative materials possessing the positive characteristics of fluorine in
the processes of remineralisation and antimicrobial action. Glass ionomer cements
have been used in restorative dentistry for thirty years. They appeared as a result of
the early studies of Alan Wilson and Brian Kent in the Laboratory of the Go-
vernment Chemist in London by the last century’s late sixties [24]. Commercial
dental cements of this type were launched in 1975, though they then had quite
inferior characteristics compared with materials being used today [23, 24]. The
original glass ionomer cements are composed of a water solution of poly(acry-
lic)acid in a concentration of about 45% which enters into a reaction with a
powder composed of calcium fluoraluminosilicate glass. This glass is of the same
generic type that was used in old dental silicate cements [4, 21, 23, 24, 30].

Glass ionomer cements are used most often for restorations of non-
retentive and cervical cavities, and of cavities in milk teeth. The use in these
cases is determined by their characteristic of releasing fluorine [3, 5, 13, 33, 34]
and of participating in the mechanism of inhibition at the development of secon-
dary caries [4, 21, 23, 24]. At the same time they also act on the surrounding
bacteria by reducing the cariogenic microorganisms [32, 16].

In addition to the release of fluoride ions, GICs can potentially be used
as templates for the release of other active antimicrobial components.

In order to improve the antimicrobial characteristics of both conventio-
nal and resin-modified GICs, antimicrobial compounds such as chlorhexidine
have been added.

Chlorhexidine has been described as a golden standard for antimicrobial
application [19]. The incorporation of chlorhexidine dihydrochloride and chlo-
rhexidine diacetate in glass ionomer cements has the ability to increase the anti-
microbial effects of the glass ionomers without seriously disrupting their physi-
cal characteristics [17, 28].

Several studies describe the measurement of the quantity of CHX relea-
sed from GICs as a function of time. Ribeiro and Ericson [28] acknowledge
only two concentrations (13.3 and 6.65%) incorporated into a commercial luting
cement (Aguacem) [25].
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Chlorhexidine has been added in concentrations from 0.5% to 13% of
the weight of the GICs. The whole measurable chlorhexidine was released wi-
thin 22% hours, although this was less then 10% of the total mass incorporated
in the samples. The percental increase of CHA incorporated in the powder also
yields an increased release into the neighbourhood. The largest part of CHA
stays tied in the cement [25].

Unfortunately, in the literature there is very little data referring to the
incorporation of other antimicrobial components in GICs. Although some of
them have a confirmed effect in the reduction of cariogenic salivary flora when
used in mouthrinses or toothpastes, [2, 6, 8, 9, 10, 11, 15, 18, 22, 26, 27] -results
regarding their incorporation in glass ionomer cements are still scarce.

The experiment through which a comparative analysis has been made of
the antimicrobial effects of various antimicrobial agents added to conventional
glass ionomer cement — Fuji IX, is interesting. Besides chlorhexidine hydro-
chloride, cetylpyridinium chloride, cetrimide and benzalkonium chloride were
added in concentrations of 0, 1, 2, and 4% of the weight. The antimicrobial
samples of GICs showed significant inhibition which declined in various time
periods during the research. The addition of antimicrobial agents to Fuji IX
creates a GIC material with a significant in vitro antimicrobial activity which
depends on the concentration and type of the antimicrobial agent, and is mainly
correlated to its release from the surface layer of the samples [7].

Considering that microorganisms are the main cause of the occurrence
of dental caries, that glass ionomer cements are materials of choice mainly in
pediatric dentistry, and that they can potentially be used as a medium for slow
release of active antimicrobial components, we have defined the null hypothesis
— that no differences appear before and after incorporation of antimicrobial
compounds into glass ionomer cements, all the characteristics of glass ionomer
cements remain preserved and satisfactory.

We tested the null hypothesis by:

— Incorporating various concentrations of an antimicrobial compound
into a commercial glass ionomer cement;

— Determining the effects of incorporated antimicrobial compound on
some of the physical characteristics of the commercial glass-ionomer cement
through measurement of a working time

— Measuring the quantity of released antimicrobial component with
different concentrations, from the commercial glass ionomer cement through
measurement of the level of released ions (chloride) in various time periods;

— Determining the level of release of fluoride ions from commercial
glass ionomer cements in different time periods.
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Material and method

The commercially available glass-ionomer cement that was used in the
analyses was ChemFlex, a material having been widely applied in restorative
dentistry. The composition of this glass-ionomer cement is shown in Table 1.

Table 1 - Tabena 1

Material used in research
Matuepujaa yioitipebysan 80 uciuilly8araiia

Material Classification Composition Manufacturer
Strontium, aluminium,
Conventional glass- fluoride, silicate, tartaric DENTSPLY DeTrey,
ionomer cement acid, pigments, Konstanz, Germany
polyakrylic acid

ChemFlex

The antimicrobial compound used was Benzalkonium Chloride. The com-
pound was procured from the factory in a powdery crystal-like aggregate state.

Five samples of the commercial ChemFlex glass-ionomer with no anti-
microbial compound added were prepared — to serve as a control group; and
another three groups of 5 specimens of the same cement were also prepared, but
each with a different concentration of benzalkonium chloride added to it — 1%,
2% and 3%, respectively — a total of 15 samples.

Samples with no antimicrobial agent incorporated were prepared by mi-
xing a certain amount of powder and liquid on glass mixing plates by means of
a metal trowel (according to the manufacturers’ instructions). The freshly mixed
paste was then put into 6 mm high metal moulds of 4 mm diameter. The moulds
were closed by metal plates on both sides and were then placed in special clamps.
Then the specimens were placed into an incubator at 37°C for one hour.

The benzalkonium chloride antimicrobial compound was first incorpo-
rated into the glass-ionomer cement’s polyacrylic acid by mixing, and then the
powder was gradually added, quantity by quantity, into the previously prepared
acid and antimicrobial compound mixture, while care was taken to mix them to-
gether until complete saturation. The antimicrobial agent was added in strict
portions of 1, 2 and 3% of the weight of the cement, the concentrations of 1, 2
and 3% being equivalent to 0.0022 g, 0.0044 g and 0.0066 g, respectively. The
necessary weights of Benzalkonium Chloride were measured using an analytical
scale having an inaccuracy less than 0.0001 g.

Determination of the working time was done using a Gilmore needle. The
Gilmore needle used to determine the working time had a weight of 28 g. The
following procedure was used. After the powder and the liquid without and with the
established concentrations of antimicrobial compound have been mixed, and after
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the mixture has been placed in rubber moulds, a Gilmore needle is placed on the
surface of the cement every 15 seconds. When placed on the cement’s surface, the
needle makes an impression. The surface is inspected for any impressions and the
time is measured as long as the needle’s tip makes impresssions. The first time the
needle fails to make an impression on the material’s surface stops the measurement
of the time, and thus determines the cement’s working time.

The quantities of released chloride and fluoride ions were determined at
various time instants as follows: immediately, after 30 minutes, 45 minutes, and
after 1, 2, 3, 4 and 24 hours.

The quantity of released F~ was determined by using an ion-selective
electrode for fluoride. The instrument used for the determination of fluoride was a
DIGITAL pH/mV and Temperature meter MODEL 7065, Electronic Instruments
Limited, Kent, UK. The electrode was previously calibrated by standards with mo-
larity within the range of the concentrations of fluoride that were to be measured
(0.1, 1.0, 10.0, 100.0 and 1000.0 ppm). For the determination of the quantity of
chloride an ion-selective chloride specific electrode and an ORION 4 star pH.ISE
Benchtop instrument, Thermo Electron Corporation USA, were used. Following the
calibration of the electrodes calibration curves were prepared. Bearing in mind that
chlorine is the main ingredient of benzalkonium chloride and is at the same time the
only relatively easily measurable element with this technique, it was considered that
the quantity of released chlorine was equivalent to the quantity of released anti-
microbial component. The release of fluoride and chloride ions was conducted in
deionized water. Ten special glass vials were used, each containing 5 ml of deioni-
sated water. The glass-ionomer cement samples having the aforementioned concen-
tration of benzalkonium chloride were placed in five of these vials, whereas the
other five vials were used for the placement of samples with no antimicrobial com-
ponent. Following this, the electrodes were immersed into the vials sequentially — to
determine the chloride ions and then the fluoride ions. The results thus obtained
were expressed in millivolts and entered into tables for each of the time intervals
measured, and were subsequently, through separate formulas, converted into con-
centrations of antimicrobial agent expressed in ppm in order to determine the real
concentration of the ions in the water.

All chemical analyses were conducted at the School of Chemical and
Life Science, University of Greenwich, Chatham Maritime, Chatham, Kent, UK.

Results

Determination of the working time

This was done using a Gilmore needle. One representative sample was
taken from each of the investigated groups with different concentrations of
benzalkonium chloride. The working time of the glass-ionomer cement with no
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antimicrobial agent added had been previously measured. The results of the
analyses are shown in tables.

Table 2 — Ta6ena 2

Working time
Bpewme na paboita
Without 5

1% 5
2% 510"
3% 510"

Determination of sample weights

The weights of the samples were determined with an analytical scale
before and after 24 hours, i.e. after the investigation, separately for each concen-
tration. The average values of the samples with, (A-E), and the samples without,
(F-J), the antimicrobial agent are shown.

The results are shown in the tables.

Table 3 - Tabena 3

Sample weights — 1% benzalkonium chloride — average values
Texcuna Ha iipumepouu — 1% benzalkonium chloride — cpeoru epeonocitiu

A-E F-J
0’ |0.13828 | 0.1455
24h | 0.14414 | 0.14956

0,15
0,145 OA-E
0,14 mF-J

0,135
0,131

0 24h

Diagram 1 — Sample weights — 1% benzalkonium chloride — average values
I'paguxon 1 — Tewuna Ha Gpumepoyu — 1% benzalkonium chloride
— CpeOHU 8peOHOCIlL
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Table 4 — Tabena

Sample weights — 2% benzalkonium chloride — average values
Texcuna na tipumepouu — 2% benzalkonium chloride — cpeoru speonociiu

A-E F-J
0’ | 0.13696 | 0.14812
24h | 0.14482 | 0.15222

0.16

0.15 oA E
0.14 B )
0.13 -]

0.12

0.11

o' 24h

Diagram 2 — Sample weights — 2% benzalkonium chloride — average values
I'pagpuxon 2 — Tewuna Ha Gpumepouu — 2% benzalkonium chloride
— CpeOHU 8peOHOCIIU

Table 5 - Tabena 5

Sample weights — 3% benzalkonium chloride — average values
Texcuna na dpumepouu — 3% benzalkonium chloride — cpeonu epeonocitiu

A-E F-J
0’ | 0.12802 [ 0.14486
24h | 0.13662 | 0.15038

0.16

0.15 OA-E

0.14 BmF-J
-J

0.13

0.12

o 24h

Diagram 3 — Sample weights — 3% benzalkonium chloride — average values
I'paguxon 3 — Tewuna Ha Gpumepouu — 3% benzalkonium chloride
— cpeOHU 8peOHOCIIU
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each
both

Determination of the levels of released ions

The measured values had been originally displayed in millivolts and were
subsequently converted, using separate formulas for each of the elements, into con-
centrations expressed in parts per million. For the results obtained in millivolts, the
following parameters were determined: mean, maximum, minimum and standard
deviation. Then formulas derived from the previously obtained calibration curves
for chlorine and fluorine were used to determine the ion concentrations in ppm. The
results are shown in summary tables separately for each of the ions analyzed and
of the concentrations used over the time intervals of interest. The tables show

the values obtained with and without antimicrobial agent added.

Table 6 — Tabena 6

Determination of CI" in ChemFlex without and with the addition
of 1% Benzalkonium chloride — concentration/ppm
Oopeoysare Ha Cl” 6o ChemFlex 6e3 u co dooaitiox
Ha 1% Benzalkonium chloride — koruenitipayujal/ppm

Without benzalkonium chloride 1% benzalkonium chloride
X Min | Max o X Min Max o

0" | 0.15 | 0.15| 0.15 0 0.24 0.18 0.29 0.04

15" | 1252 | 1.7 | 4755 | 19.69 27.68 5.16 66.67 25.91
30" | 14.65 | 2.38 | 54.96 | 22.64 36.68 5.16 102.94 39.72
45’ 1 16.05 | 25 | 57.68 | 23.39 48.99 5.68 144.32 55.97
1h | 18.84 | 3.86 | 60.53 | 23.68 60.37 8.36 192.8 75.78
2h ] 19.03 | 3.51 | 63.52 | 25.08 87.64 7.59 312.43 127.27
3h | 19.28 | 4.05 | 63.52 | 24.96 99.6 9.21 361.12 147.77
4h ] 20.09 | 5.16 | 63.52 | 24.53 141.06 11.17 557.61 233.93
24h | 21.32 | 5.68 | 63.52 | 24.04 147.65 14.22 557.61 231.24

160 -
140 r
120
100 /

80 | / aver

60 —aver 1%
40 1
20 -

0 . T T T

0" 15 30" 45 1h 2h 3h 4h 24h

Diagram 4 — Average value of CI" in ChemFlex without and with the addition
of 1% Benzalkonium chloride — concentration/ppm
I'pagpuxon 4 — Cpeona epeonociu Ha Cl" o ChemFlex 6e3 u co dooaitiox
Ha 1% Benzalkonium chloride — konyeniupayuja/ppm
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Table 7 — Tabena 7

Determination of CI" in ChemFlex without and with the addition
of 2% Benzalkonium chloride — concentration/ppm
Oopeoysare na Cl" 80 ChemFlex 6e3 u co dooaitiok
Ha 2% Benzalkonium chloride — koruenitipayujal/ppm

Without benzalkonium chloride 2% benzalkonium chloride
X Min Max o X Min Max o

0’ 0.17 | 0.16 0.18 0.01 0.42 0.3 0.79 0.21
15 | 037 | 0.27 0.48 0.08 4.62 1.78 14.22 5.38
30" | 054 | 044 [ 0.68 0.1 9.22 2.76 30.79 12.09
45 | 0.73 | 0.56 0.82 0.1 14.64 3.86 52.37 21.14
1h 0.94 | 0.87 1 0.06 18.01 4.92 63.52 25.51
2h 1.26 | 1.05 1.87 0.35 23.94 6.57 84.86 34.13
3h 156 | 1.21 2.5 0.54 31.87 8.78 113.37 45.65
4h 1.89 1.4 3.04 0.65 37.37 9.67 131.04 52.58
24h | 2.36 | 1.78 3.34 0.66 66.79 14.93 245.44 100.26

80

70

60 /

50 /

2 / aver

30 / aver2%

20 —

10 _—

0 /

00 15 30" 45 1h 2h 3h 4h 24h

Diagram 5 — Average value of CI" in ChemFlex without and with the addition
of 2% Benzalkonium chloride — concentration/ppm
I'pagpuron 5 — Cpeona speonociu Ha Cl” 6o ChemFlex 6e3 u co ooodaitiok
Ha 2% Benzalkonium chloride — konyeniupayuja/ppm

Table 8 — Tabena 8

Determination of CI" in ChemFlex without and with the addition
of 3% Benzalkonium chloride — concentration/ppm
Oopeoysare na Cl" 8o ChemFlex 6e3 u co dooaitiok
Ha 3% Benzalkonium chloride — koruenitupayujalppm

Without benzalkonium chloride 3% benzalkonium chloride

X Min Max o X Min Max o
0’ 0.2 0.18 0.21 0.01 0.4 0.4 0.42 0.01
15" | 0.43 0.3 0.65 0.15 4.89 1.78 15.67 6.06
30" | 0.71 | 0.48 1.16 0.26 14.63 2.89 45.31 175
45 | 1.22 | 0.71 2.89 0.93 66.93 4.69 297.71 129.09
1h | 1.25 | 0.82 2.38 0.64 70.55 6.26 312.43 135.32
2h | 156 | 0.95 3.19 0.92 82.27 7.97 361.12 155.99
3h 1.9 1.27 3.86 1.1 91.36 9.21 397.72 171.41
4h 2.42 1.78 4.69 1.27 101.53 10.65 438.04 188.32
24h | 3.33 | 2.06 7.24 2.21 165.27 16.44 709.83 304.79
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200 4
150 /
L =,
- //
0 “4 —
00 15 30" 45 1h 2h 3h 4h 24h
Diagram 6 — Average value of CI" in ChemFlex without
and with the addition of 3% Benzalkonium chloride — concentration/ppm
I'pagpuron 6 — Cpeona epeonociu na Cl" 6o ChemFlex
6e3 u co 0ooaitiox Ha 3% Benzalkonium chloride — konuenitipauuja/ppm
Table 9 — TaGemna 9
Determination of F~ in ChemFlex without and with the addition
of 1% Benzalkonium chloride — concentration/ppm
Oopeoysarse na F 6o ChemFlex 6e3 u co dooaitiox
na 1% Benzalkonium chloride — konyeniupayujalppm
Without benzalkonium chloride 1% benzalkonium chloride
X Min | Max 1o X Min Max o
0° | 024 | 017 | 0.28 0.04 0.14 0.12 0.16 0.02
15° | 0.33 | 0.28 | 0.39 0.04 0.29 0.26 0.32 0.03
30" ] 041 | 036 | 05 0.05 0.38 0.33 0.46 0.05
45° |1 049 | 041 | 0.59 0.07 0.48 0.39 0.67 0.11
1h | 0.75 | 0.64 | 0.93 0.12 0.79 0.62 1.06 0.18
2h ] 1.01 [ 086 | 1.24 0.15 1.03 0.86 1.35 0.2
3h ] 122 [ 1.01| 147 0.18 1.15 0.93 1.41 0.18
4h | 135 | 115 | 159 0.17 1.31 1.06 1.66 0.23
24h | 3.04 | 262 | 3.21 0.26 2.87 2.62 2.96 0.15
3.5+
3 4
2.5
24 aver
1.i /, aver 1%
0.5 —
o ———

0 15 30" 45 1h 2h 3h 4h 24h

Diagram 7 — Average value of F in ChemFlex
without and with an addition of 1% Benzalkonium chloride — concentration/ppm
I'paguron 7 — Cpeona speonociu na F 6o ChemFlex
6e3 u co dooaitiok Ha 1% Benzalkonium chloride — konyenizipayuja/ppm
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Table 10 — Ta6ema 10

Determination of F in ChemFlex without and with the addition of 2% Benzalconium
chloride — concentration/ppm
Oopeoysarve Ha F 6o ChemFlex 6e3 u co 0odaiiiox
Ha 2% Benzalkonium chloride — koruenitipayujal/ppm

Without benzalkonium chloride 2% benzalkonium chloride
X Min [ Max o X Min Max o
0’ 0.15 | 0.13 [0.19 0.02 0.14 0.12 0.16 0.02
15 0.41 | 0.31 [0.52 0.11 0.43 0.41 0.44 0.02
30’ 0.51 | 0.38 | 0.67 0.15 0.5 0.44 0.57 0.05
45’ 0.6 0.48 |0.73 0.12 0.59 0.55 0.64 0.04
1h 0.66 | 0.55 [0.82 0.15 0.66 0.59 0.76 0.07
2h 1.02 | 0.82 | 1.3 0.23 0.99 0.89 1.15 0.11
3h 1.27 1.01 | 1.59 0.3 1.22 1.1 1.41 0.13
4h 1.48 124 | 1.8 0.3 1.44 1.3 1.66 0.17
24h | 342 | 296 |4.12 0.57 3.15 2.84 3.49 0.33
4 .
3.5
3 /

aver

2.5 4
2 4

15 4 aver 2%
1

0.5 1 ///

0" 15 30" 45 1h 2h 3h 4h 24h

Diagram 8 — Average value of F~ in ChemFlex without and with an addition
of 2% Benzalkonium chloride — concentration/ppm
I'pagpuron 8 — Cpeona speonociu na F 6o ChemFlex 6e3 u co ooodaitiox
Ha 2% Benzalkonium chloride — koruenitipayuja/ppm

Table 11 — TaGena 11

Determination of F in ChemFlex without and with the addition
of 3% Benzalkonium chloride — concentration/ppm
Oopeoysarse na F 6o ChemFlex 6e3 u co dooaitiox
Ha 3% Benzalkonium chloride — koruenitipayujal/ppm

Without benzalkonium chloride 3% benzalkonium chloride

X Min [ Max o X Min Max o
0’ 0.16 | 0.15 | 0.17 0.01 0.13 0.12 0.15 0.02
15’ 0.37 0.32 | 0.39 0.03 0.31 0.29 0.36 0.03
30’ 054 | 0.46 | 0.59 0.07 0.41 0.38 0.44 0.03
45’ 0.57 0.52 | 0.62 0.05 0.5 0.44 0.57 0.05
1lh 0.72 0.64 |0.82 0.07 0.62 0.55 0.7 0.06
2h 1.02 0.93 |1.15 0.1 0.89 0.79 0.93 0.06
3h 1.31 124 | 141 0.07 1.11 0.97 1.15 0.08
4h 1.53 147 | 1.66 0.09 1.37 1.19 1.41 0.1
24h 341 3.21 | 3.64 0.16 3.01 2.73 3.21 0.18
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4 .
3.5 1
3 4
25 %
> —1QVET
15 j aver 3%
l 4
0.5 1
0 S S e
0 15 30 45 1h 2h 3h 4h 24h
Diagram 9 — Average value of F~ in ChemFlex without and with an addition
of 3% Benzalkonium chloride — concentration/ppm
I'pagpuron 9 — Cpeona speonociu na F 8o ChemFlex 6e3 u co oooaitiox
Ha 3% Benzalkonium chloride — konyeniupayuja/ppm
Table 12 — Tab6ema 12
Student t-test for CI
Ciniyoeritios t-ieciu 3a CI’
1% benzalkonium chloride 2% benzalkonium chloride 3% benzalkonium chloride
mV ppm mvV ppm mV ppm
It p [t] p It] p It p It p [t] p
7.05 | <0.001 | 6.01 | <0.001 | 454 | <0.01 | 2.66 | p<0.03| 20.93 <0.001 27.58 | <0.001
1.28 >0.2 1.02 >0.2 552 | <0.001 | 1.76 | p<0.2 | 4.59 <0.01 1.64 <0.2
1.48 <0.2 1.07 >0.2 5.35 | <0.001 | 160 | p<0.2 5.23 <0.001 1.77 <0.2
154 | <0.2 1.21 >02 [494 | <0.01 [ 147 | p<0.2 3.49 <0.01 1.13 >0.2
151 <0.2 1.16 >0.2 504 | <0.01 | 149 | p<0.2 3.62 <0.01 1.14 >0.2
1.59 <0.2 1.18 >02 [494| <0.01 [148 | p<0.2 3.74 <0.01 1.15 >0.2
1.72 <0.2 1.19 > 0.2 501 | <001 | 148 | p<0.2 3.72 <0.01 1.16 >0.2
1.77 <0.2 114 | >02 [489| <0.01 | 150 | p<0.2 3.64 <0.01 1.17 >0.2
190 | <0.1 1.21 >0.2 5.05 | <0.001 | 143 | p<0.2 3.89 <0.01 1.18 >0.2
Table 13 — TaGena 13
Student t-test for F
Ciniyoeninios t-inecit 3a F
1% benzalkonium chloride 2% benzalkonium chloride 3% benzalkonium chloride
mV pm mV pm mV ppm
[t] p [t] p [t] p [t] p [t] p [t] p
5.19 | <0.001 | 498 | <0.01 |085]| >0.2 [0.79| >0.2 3.51 <0.01 3.59 <0.01
181 | <0.2 178 | <02 [069| >02 |047| >0.2 2.76 <0.03 2.72 <0.03
092| >02 |088| >02 [006| >02 [014| >0.2 4.08 <0.01 3.81 <0.01
028 | >02 |016| >02 [009| >02 [023| >0.2 2.23 <0.1 2.23 <0.1
028 | >02 |035| >02 [015]| >0.2 [0.00| >0.2 2.44 <0.04 2.40 <0.05
0.07| >02 |013| >02 |[015| >0.2 |[027| >0.2 2.49 <0.04 2.46 <0.04
068| >02 |066| >02 |[021| >02 [035| >0.2 4.04 <0.01 | 4.20 <0.01
034 | >02 |028| >02 [016| >02 [025| >0.2 2.74 <0.04 2.81 <0.04
122 | >02 130 | >02 [085| >02 |[090| >0.2 3.563 <0.01 3.60 <0.01
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Discussion

The aim of this study was to perceive the possibility of incorporating an
antimicrobial agent in a glass-ionomer cement. A very small number of studies
dealing with this field could be found in the literature, so the results obtained
here could be considered as pioneering attempts on the topic. There have been
attempts to incorporate chlorhexidine in glass-ionomer cements with certain
results, but the results referred mainly to the effect of the newly obtained ce-
ments on the bacterial oral cariogenic flora, and not to the precise analysis of
the physical characteristics of the newly obtained cements and the concentration
of ions released in the medium.

In order to determine the amount of ions (CI" and F) released in the me-
dium (deionized water) containing the samples, measurements were carried out
with chloride and fluoride specific ion-selective electrodes over various time
intervals. The analysis of the release of chloride ions was conducted in order to
see whether or not and in what concentration chloride ions are released from
benzalkonium chloride, and thus to conclude on the possibility of the glass-
ionomer cement having an antimicrobial effect. The common characteristic for
all three percentages of benzalkonium chloride is that there is a difference in the
concentration of chloride ions in the medium (deionized water) between the
samples with and the samples without the addition of an antimicrobial agent.

In the samples with the addition of 1% of benzalkonium chloride the
concentration of CI" ions rises drastically over the whole 24 hours long measure-
ment interval; doubling its value in the first 15 minutes, and reaching a seven-
fold value after 24 hours. In order to see whether the difference is statistically
significant Student t-test was used. The results of the t-test for the values expres-
sed in millivolts demonstrate that the difference between the average values of
the samples without and with benzalkonium chloride are statistically significant
for p < 0.2 at all intervals of measurement, with the exception of the measure-
ments after 15 minutes where there is no significance, and for the values mea-
sured at time zero where the level of significance is for p < 0.001. Contrary to
these results, the t-test applied on the concentrations expressed in parts per mil-
lion shows significance only for the measurement at time zero (p < 0.001).

Values obtained with the statistical data processing in the case of 2% of
benzalkonium chloride are interesting, because they exhibit statistical signify-
cance both for the measured values expressed in millivolts and for those calcu-
lated in parts per million, but with different levels of significance. The analysis
of the results in mV exhibits a level of significance for values between p < 0.01
and p < 0.001 for all measurements (time intervals), in contrast to the results
expressed in ppm, where there is a statistical significance, but for p <0.2.
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In the case of the statistical data processing for 3% incorporated benzal-
konium chloride the results of the processing of 2% repeat, i.e. the level of sig-
nificance for mV is for values between p < 0.01 and p < 0.001, whereas for the
concentrations the difference is significant only for the first three measurements
(0:p<0.01,15: p<0.2and 30’: p<0.2).

The question that should now be answered is why the statistical data we
obtained demonstrate a huge difference in the release of chloride ions from sam-
ples without and with the addition of antimicrobial agent. One of the possible
causes is most probably due to the instance of calibration of the chloride spe-
cific electrode that results with a mathematical equation for the conversion of
milivolts to a concentration which is quite approximate. This can also be seen
from the large standard deviations. Because the calibration curve is obtained by
connecting the points of de facto measured milivolts (on the y-axis) and the
points obtained from the previous dissolving (titration) of the solution for cali-
bration (NaCl) (on the x-axis), which is nevertheless done manually, possibili-
ties of the occurrence of errors are probable. That is why the statistical data pro-
cessing conducting for the values in mV, which are in essence the data genera-
ted by the apparatus performing the measurements, are perhaps more valid than
those obtained with the analysis of the results of the concentrations, i.e. the
ppm-data which are obtained through an approximate mathematical equation
derived from a perhaps not quite proper calibration curve.

As regards the statistical processing of the data regarding the release of
fluoride ions, the results regarding the significance are almost identical for both
the millivolts and for the concentration. Namely, the electrode that was used for
the measurements of the F~ ions had been previously factory calibrated and was
therefore far more accurate. That is why there are no differences (or they are
minimal) regarding the levels of significance for the millivolts and for the ppms,
which allows us in the discussion of the results to use the statistical data obtain-
ned from the results expressed in concentration of ions, i.e. in ppms. In the de-
termination of F for 1% benzalkonium chloride, except at the time instants 0
and 15°, where there is a statistical significance (for p < 0.01, i.e. p <0.2), at all
other time instants there is no such significance. The differences in the levels of
fluoride ions without and with 2% benzalkonium chloride exhibit no statistical
significance, while the levels of significance in the case of 3% benzalkonium
chloride are in the range from p < 0.1 to p < 0.01. From the obtained results and
from their statistical processing we can conclude that concentrations of 1% and
2% of benzalkonium chloride have no impact on the release of fluoride ions in
the medium (deionized water), whereas, on the other hand, the differences in the
measurements for 3% of benzalkonium chloride are, although small, yet statisti-
cally significant.
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The manner of incorporating the crystals of benzalkonium chloride, which
was done manually by mixing the antimicrobial component with polyacrylic
acid, and then also with the powdery part of the GIC, could also be the cause of
errors in the values obtained. During this procedure a nonuniform distribution
of the antimicrobial agent within the GIC probably occurs. In the samples with
a higher concentration of the antimicrobial agent on the surface of the sample,
the concentration of released chloride ions would be higher and vice versa. Ho-
wever, the fact that there is a release of the antimicrobial component, along with
the increase of the released component in the medium over time, is a sufficient
reason to conclude that the incorporation of benzalkonium chloride is possible.

Therefore, the null hypothesis that no differences appear between the
samples with or without addition of the antimicrobial component, has to be par-
tially rejected. — differences appear, but, obtaining a glass-ionomer cement with
incorporated antimicrobial agents which have effects on the bacterial oral flora,
and which at the same time does not lose the characteristic properties of con-
ventional cements, will be a subject of our further comprehensive analyses, both
chemical and microbiological.
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Pesume

MOZKHOCTU 3A UTHKOPIIOPUPAILE AHTUMMNKPOGHU
KOMITIOHEHTMU BO I'TAC-JOHOMEP HEMEHTH

Tumkos A.! Nicholson J. W.,2 Tjopruescka E.!
1 Clinic for pediatric and preventive dentistry, Faculty of dentistry,
Skopje, R. Macedonia

23chool of Chemical Science, University of Greenwich, Chatham Maritime, Chatham,
Kent, UK

ITokpaj ocnobonyBameTo Ha (payopupuute jonu, ['JII-u noreHnujanHo
MOKaT a OMAaT NCKOPUCTEHN KaKO MaTPUIM 32 OCI000AYBakhe Ha [PYTH aKTHB-
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HU aHTUMHUKpOOHU cocTojku. Ilenta Ha oBaa cryamwja Oelle fa ja coriefgame
MOXHOCTa Off MHKOpIOpal#ja Ha aHTUMHUKPOOHO COEJUHEHHE BO TJIac-jOHOMED
[IEMEHT, KaKO U BJIMjaHHETO Of HETOBOTO BrpajlyBame Bp3 (PM3MUKUTE KapaKTe-
PUCTHKH Ha CaMHOT LIEMEHT. 3a peaji3anyja Ha MocTaBeHaTa 1eJl TO KOPUCTEBMe
KOMEPIMjaTHO JIOCTATHUOT TJlac-joHoMep meMeHT ChemFlex, maTepujan koj Haora
IIMpOKa MPIMEHa BO pecTaBpaTUBHATA cTOMaTojornja. bea m3rorsenu mo 5 npu-
MepoIr Off KOMEPIMjaIHNOT Triac-joHoMep neMeHT ChemFlex Ge3 momaBame Ha
AHTUMHUKPOOHO COEAMHEHNE — KOHTPOJIHA IpyMa; MO MeT MpUMEepoKa Off UCTHOT
OBOj IIEMEHT, HO CO JloflaBalke Ha Pa3iMYHN KOHIeHTpanun Ha — Benzalkonium
Chloride — 1%, 2% u 3% — BkynHO 15 npumepouu. bea Mepenn BpemeTo Ha pa6o-
Ta, paslUKaTa BO TEXKMHATA Ha MPUMEPOLUTE Npef M 10 3aBpILIyBambETO Ha
aHaNM3UTe W KOHIEHTpanyjaTa Ha MCIYIITEHN jOHN — (PIIyOPHN U XIIOP BO Ofipe-
JeHN BPEMEHCKU MHTepBaid. Pe3ynTaTtuTe of MCIUTyBamkaTa Ha BpEMETO Ha pa-
6oTra Ha OBOj IIleMEeHT 0e3 BrpajieHa aHTUMUKpPOOHA KOMIIOHEHTa € UCTO CO OHa
[afeHo Off MPOM3BOAMUTENOT. BrpaseHnor 1% GeH3alKOHUYM XJIOPHJ HE BIHjae
Bp3 BpeMeTO Ha padoTa, OHOCHO BpEeMETO Ha paboTa € MAEHTUYHO CO KOMep-
nujanauot I'JII. MuHUMaNHUTE OTCTamyBama KOH ce jaByBaaT Kaj 2%, OHOCHO
3% ce BO TpaHMIUTE Ha HOpMaslaTa M HE Ce cMeTaaT 3a 3HauajHa pa3nmuka. Mepe-
BaTa Ha TeKWHATa Ha NPUMEpOIHUTe cOo M 0e3 MHKOPHOpHpaH OEH3aIKOHUYM
XJIOpU/ TIpef U 1o 24 yaca NOKaKyBaaT ieKa aHTUMHKpOOHATa KOMIIOHEHTa He
BIIMjae BP3 MPOLECOT Ha NpUMame Ha TEYHOCT. 3a fla ja OfpefnMe KOJIMYMHATA
Ha ocnobopenute jonu (CI' m F) Bo MemmymoT (fiejoHn3MpaHa Boa) Bo Kom Gea
MOCTaBEeHN NPUMEPOLUTE, W3BPIIMBME MEpPEHa CO jOH-CEJIEKTUBHU €JEKTPORU
crienuuIHN 3a XJOop M (Iyop BO TeK Ha pa3iIWYHU BPEMEHCKH HHTEpBaIH.
AHanm3aTa Ha OCIOOOYBAKETO Ha XJIOP ja CIPOBETOBME CO IEJI fla Ce BUAM Jaln
7 BO KOja KOHIIEHTpanyja jfoafa A0 HCIyIITamke Ha XJIOpPOT Kako fAen off OeH-
3aJIKOHMYM XJIOPHJIOT, & aHAJIOTHO Ha TOA M Ha MOKHOCTA Off aHTUMHUKPOGHO Jiej-
CTBO Ha CaMHUOT TJ1ac-joHOMep LeMeHT. OHa IITO € 3aeJHAYKO 32 CeKOoja Off TpUTe
MIPOICHTYEITHA 3aCTAINleHOCTH Ha GEH3aIKOHIYM XJIOPUJOT € ieKa IIOCTON pa3iu-
Ka BO KOHIICHTpaIWjaTa Ha XJIOPUAHATE jOHH Off IPUMEPONUTE CO 1 6€3 JOTaTOK
Ha aHTUMUKPOOHOTO CPE/ICTBO.

Kayuynu 360poBu: riac-jonomep nemenTn, benzalkonium chloride, jor-cenekTuBHI
€JIeKTPOAH, (hIIyop, XJIOP, aHTUMUKPOOHH COCUHCHY]A.
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