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Abstract

Particulate Bioglass® is a bioactive material used in the repair of periodontal defects. This material undergoes a series of surface
reactions in an aqueous environment which lead to osseointegration. The aim of this ‘study was to determine whether these reactions
exerted an antibacterial effect on a range of oral bacteria. Streptococcus sanguis, Streptococcus mutans and Actinomyces viscosus were
suspended in nutrient broth (NB), artificial saliva (AS) or Dulbecco’s modified eagle medium plus 10% foetal calf serum
(DMEM + 10%FCS), with or without particulate Bioglass®. All bacteria showed reduced viability following exposure to Bioglass® in
all the media after 1 h. This antibacterial effect increased after 3h. Porphyromonas gingivalis. Fusobacterium nucleatum, Prevotella
intermedia and Actinobacillus actinomycetemcomitans were suspended in either BM broth or 40% horse serum (HS) in RPML
A considerable reduction in viability was observed with all bacteria tested, in both media. compared to inert glass controls. In further
experiments it was found that the viability of S, sanguis was significantly reduced following exposure to NB pre-incubated with
Bioglass®. Additionally. it was found that neutralisation of this highly alkaline solution eliminated the antibacterial effect. Moreover,
a solution of NB and NaOH (of equivalent pH) exerted an antibacterial effect of similar magnitude to that of the solution
pre-incubated with Bioglass®. Thus. particulate Bioglass® exerts an antibacterial effect on certain oral bacteria, possibly by virtue of
the alkaline nature of its surface reactions. This may reduce bacterial colonisation of its surface in vivo. C 2001 Elsevier Science Ltd.

All rights reserved.
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1. Introduction

4585 Bioglass® is a bioactive implant material that
stimulates bone repair. In an aqueous environment, this
material undergoes a series of surface reactions resulting
in the formation of a hydroxycarbonate apatite (HCA)
surface layer [ 1]. It is the formation of this layer. together
with the release of soluble silica. that leads to the attach-
ment and proliferation of osteoblasts on the glass surface
and osseointegration [2].

Inflammatory periodontal disease can result in the
creation of periodontal bone defects [3]. Such defects
have been treated with autogenous bone grafts and allo-
grafts. guided tissue regeneration and a combination of
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guided tissue regeneration and decalcified freeze-dried
bone [4]. However. the use of autogenous bone requires
a second surgical site, allografts have been found to be
poor at inducing bone growth, and the outcome of
guided tissue regeneration may be unpredictable [4].

‘Bioglass®, in its particulate form. is used in the treatment

of periodontal defects [5] and this preparation is known
commercially as Perioglas®. A 1 year clinical trial
showed a greater degree of periodontal defect infill by
application of particulate Bioglass® following debride-
ment (root planing and removal of chronic inflammatory
tissue), than with debridement alone [4].

The use of implants in the body is associated with
a risk of bacterial colonisation of these materials and
subsequent failure of the implant [6]. Moreover, those
bacteria associated with periodontal disease have also
been associated with dental implant failure [7]. However,
certain bioactive glasses have been shown to exert an
antibacterial effect when challenged with bacteria [8].
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This antibacterial effect may result from one of the sur-
face reactions undergone by these glasses.

The purpose of this study was to determine the effect of
exposure to particulate 43535 Bioglass® on the viability of
a range of oral bacteria.

2. Materials and methods
2.1. Particulates

Particulate 43S5 Bioglass® with grain size ranges of
90-710um and 355-300 um (US Biomaterials. FL. USA)
was used for viability studies on typical supragingival
and subgingival microorganisms, respectively. For the
subgingival studies. particulate glass of grain  sizes
455-600 um (Sigma. Poole. UK) was used as an addi-
tional control.

2.2, Bacterial cultivation

In the studies with typical supragingival bacteria,

S. sanguis NCTC 10904, S. mutans NCTC 10449 and
A. viscosus NCTC 10951 were grown aerobically
for 24h in NB (Oxoid. Basingstoke, UK) at 37°C to
10°-10"CFU/ml. One ml volumes of the cultures
were then centrifuged for 10 min, washed once and re-
suspended in I ml NB. AS or DMEM (with sodium
glutamate, without L-glutamine) + 10%FCS (GibcoBrl,
Paisley, UK).

In the studies with typical subgingival bacteria,
A. actinomycetemcomirans NCTC 9710. P. gingivalis W30,
F. nucleatum ATCC 31190 and P. intermedia (clinical
isolate, strain DS102) were grown in BM broth anaer-
obically at 37°C for 48 h. The cultures were centrifuged
for 10 min, washed once and resuspended in | ml 40%
HS (Oxoid) in RPMI {without phenol red. with (- glu-
tamine) (Sigma). The pH's of the suspensions were
measured using a pH meter (pH Boy-P2. Camlab,
Cambridge, UK).

2.3. Incubation of cultures with bioactive glass

2.3.1. Experiments with supragingival bacteria
The cultures in NB. AS or DMEM + 10% FCS were
dispensed in 50l volumes into cryotubes containing
0.05g particulate Bioglass® (90-710 pm). Control tubes
contained no particulates. The cultures were then incu-
bated aerobically for 1 or 3h at 37°C. Following incuba-
tion, 950l of sterile phosphate buffered saline (PBS)
(Oxo1d) was added to each tube to facilitate viable count-
ing. The samples were then vortexed for 1 min to dislo dge
adherent bacteria. Viable counts were performed by ser-
ial dilution in PBS and plating onto Tryptone Soya Agar
{TSA) (Oxoid) plates with anaerobic incubation for 48h
at 37°C. The resultant colonies were counted and the

percentage kills relative .to controls without Bioglass?,
calculated.

2.4 incubation of cultures with bioactive glass

241, Experiments with subgingival hacteria

The cultures in BM broth. or 40% HS in RPMI.
were dispensed in 30l volumes into cryotubes con-
taining 0.1 g particulate Bioglass® (355-500 um). or 0.1 g
glass beads (455-600pum), or no beads. The cultures
were then incubated anaerobically for h at 37°C.
Samples were vortexed. as above. and serially diluted
in BM broth before plating onto blood agar plates
(Blood Agar No. 2. Oxoid. 7% defibrinated horse
blood, Oxoid). Plates were incubated anaerobically for
10 days (2 days for A. actinomycetemcomitans) at 37°C.
Resultant colonies were counted and the percentage kills
relative to controls without Bioglass® or glass beads.
calculated.

2.5. The antibacterial properties of Bioglass® supernates

Universals contained 5g of particulate Bioglass®
(355-500um), 5 g glass partlculates (455-600 um) or no
particulates. Sterlle NB (10ml) was then added and
the contents mixed on a multi-axle rotator for 1h at
37°C. The choice of Sg and 10ml for particulates
and media, respectively, was to allow recovery of ad-
equate volumes of supernates after mixing. Following
the 1h incubation period. 950 ul volumes of the super-
nates were removed and added to tubes containing 30 pl
volumes of an overnight culture of §. sanguis. The Bio-
glass® supernate-containing cultures were then incu-
bated aerobically for 1 h at 37°C. The cultures were then
serially diluted in NB. plated onto TSA plates and incu-
bated aerobically at 37°C for 48 h. The resultant colonies
were counted and expressed as colony- forming units
(CFU),ml.

2.6. The effect of pH adjustment on the antibacterial
properties of Bioglass® supernates

Bioglass® supernates were produced as above. The
pH's of the supernates were measured and, on being
found to be a constant 9.8, pooled into one universal.
One milliliter volumes were then dispensed into sterile
plastic universals. The pH was reduced in one set of
replicates by addition of 35ul of 1w HCI to give final
pH's of 7.2, which is the same as that of NB. To one set of
Bioglass® supernates was added 35l of 1M NaCl. The
pH remained at 9.8. The addition of NaCl acted as
a control for the addition of chloride ions (in the form of
HCl) in the pH-adjusted supernates. NB was included in
place of Bioglass® supernates as a negative control. As
a positive control. 1 M NaOH was added to NB to a final
pH of 9.8: 950 pl volumes of the solutions were then
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added to cryotubes containing 50ul of an overnight
culture of S. sanguis, and the experiments continued as
above.

3. Results
3.1, Incubation of cultures with bioactive glass

3.1.1. Experiments with supragingival bacteria

S. sanguis. S. mutans and 4. viscosus incubated with
particulate Bioglass® or no particulates in NB,
DMEM + 10% FCS or AS for 1 or 3h.

The particulate Bioglass® exerted an antibacterial of-
fect against all three bacterial species in all of the sus-
pending media. This effect was greater after 3h exposure.
After Th. a lesser antibacterial effect was observed
against bacteria suspended in DMEM + 10% FCS com-
pared to the other media, however, the viability of the
bacteria further decreased after 3h. No decrease in the
viability of the controls without particulates was ob-
served after 1 or 3h. Table 1 shows the percentage kills
after 1 and 3 h. After 1 h, the mean percentage kills of all
three bacterial species were approximately: 93% in NB,
85% in AS and 65% in DMEM + 10% FCS. After 3 h.
the approximate mean percentage kills were 99% for NB.
98% for AS and 93% for DMEM + 10% ECS.

3.2. Incubation of cultures with bioactive glass

3.2.1. Experiments with subgingival bacteria

The percentage kills of P. gingivalis. F. nucleatum. Prer.
intermedia and 4. actinomycetemcomitans following expo-
sure to particulate Bioglass®, particulate glass or no
particulates in BM broth are shown in Table 2.

The Bioglass® particulates demonstrated a consider-
able antibacterial activity against all of the subgingival
bacteria tested. with 100% kill of Prer. intermedia. How-
ever. there was in some instances. a reduction in viability

Table 1
Percentage kill of supragingival bacteria following exposure to Bio-
glass? particulates

Bacterium and suspending medium %% kill
th 3h

S. sanguis — NB 98.0 99.5
S. sanguis — DMEM = 10% FCS 711 999
S. sanguis — AS 65.8 94.4
S. mutans -~ NB 83.1 7.3
S. mutans — DMEM + 10% FCS 313 79.1
S. mutans — AS 944 98.4
A. viscosus -~ NB 97.3 99.5
A viscosus -~ DMEM + 10% FCS 72.7 99.9
A. rviscosus + AS 96.2 99.6

Table 2 .
Percentage kill of subgingival bacteria following exposure to Bioglass®
particulates*

Bacterium T kills

BM broth 40% HS in RPMI

Bioglass®  Glass  Bioglass® Glass

P. gingivalis 91.2 62.3 nd nd
F. nucleatum 93.0 14.7 859 0.9
Prev. intermedia 100 48.8 nd nd
A actinomyceetemcomitans 98.6 8.0 87.9 48

‘nd — no data.

Table 3
pH measurements of suspension medium + Bioglass®

Time (h)
Medium 0 1 3
NB 7.2 10.3 10.0
AS 6.6 10.t 10.2
BM broth 6.5 10.1 10.1
40% HS in RPMI 7.7 10.4 10.3
DMEM -+ 10% FCS 3.1 10.0 10.2

observed with the glass particulates. This was most
prevalent in the tests with P. gingivalis and Prev. inter-
media. It was found that the reductions in viability in BM
broth were greater than those in 40% HS in RPML

3.3. pH measurements

The pH values at each time interval are shown in Table 3.
The values at O h represent the pH's of the media prior to
addition of particulates.

3.4. The antibacterial properties of Bioglass® supernates

Fig. 1 shows the viability of S. sanguis following incu-
bation with the supernates from mixtures of Bioglass®
and glass particulates in NB. A statistically significant
reduction (p < 0.01) in the viability of S. sanguis was
observed after exposure to the supernates produced from
Bioglass® and NB. compared to the controls. The cul-
tures exposed to Bioglass®/NB supernates had a mean
viable count of approximately 3.8 + 1.6 x 10* CFU ml.
The cultures exposed to glass/NB supernates and NB
alone had mean viable counts of approximately
99 +36x10°CFU ml, and 8.2 +28x 10° CFU ml.
This constituted a percentage kill of S. sanguis of greater
than 99% when exposed to the Bioglass® NB supernates.
No significant difference was found between the controls
of glass particulates in NB, and NB alone.
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Fig. 1. Viability of S. sanguis following | h exposure to supernates from
Bioglass# particulates in NB.

Table 4
The effect of pH adjustment of Bioglass® supernates on the viability of
S. sanguis

%o kill
Untreated Bioglass® 911
Bioglass® ~ HCl1 313
Bioglass® + NaCl 91.7
NB - NaOH 97.2

3.3. The effect of pH adjustment on the antibacterial
activity of Bioglass® supernates

Table 4 shows the effect of pH adjustment of the
supernates on the viability of S. sanguis. Reduction of
the pH of the supernates to that of NB (pH 7.2) by the
addition of HC], eliminated the antibacterial activity. NB
alone had a mean viable count of approximately
2.6 £ 0.8 x 10" CFU/ml, while the Bioglass® supernates
pH adjusted with HCI had a mean viable count of ap-
proximately 1.8 +0.5x 10" CFU ml. These differences
were not significant (p < 0.01). Untreated Bioglass®/NB
supernates had a mean viable count of approximately
2.3+ 0.6 x 10°CFU/ml. The addition of NaCl to Bio-
glass® supernates had no significant effect on the antibac-
terial activity of the Bioglass® supernates. with a mean
viable count of approximately 2.2 + 0.4 x 10° CFU/ml.
Raising the pH of NB, by the addition of NaOH, to the
same as that of Bioglass® supernates, was found to pro-
duce an antibacterial effect, with a mean viable count of
approximately 7.4 + 5.0 x 10> CFU ml. This value was
significantly lower than that found with the untreated
Bioglass® supernates.

4. Discussion

These experiments have demonstrated that particulate
Bioglass® has an antibacterial effect against certain
supragingival and subgingival bacteria. Such an effect

may be an important advantage for the successful oss-
cointegration of Bioglass® when implanted periodontally
as bacterial colonisation of implant sites has been sugges-
ted to be an important cause of implant failure [7.9.10].

The experiments examining the antibacterial proper-
ties of Bioglass® supernates demonstrated that direct
contact between Bioglass® particulates and bacterial cells
was not required to produce an antibacterial effect.
Hence. the surface reactions of Bioglass® were found to
produce a solution capable of killing the target bacteria.
This may provide particulate Bioglass® with the advant-
age of being able to sterilise an implant site, or at least
reduce the numbers of viable bacteria in the vicinity. The
fact that contact between the granules and bacteria was
not necessary for an antibacterial effect suggests that
bacteria could be killed before they encounter the Bio-
glass® surface. Whether this would actually reduce bac-
terial accumulation on Bioglass® is uncertain. Bacterial
co-aggregation, which relies on receptor-adhesin interac-
tions. is an energy-independent process and therefore
viability independent [ 117. It seems likely that this is also
the case for bacterial adhesion to surfaces, as this has
been shown to be mediated by hydrophobic and recep-
tor-adhesin interactions [12].

The results from the experiments examining the effect
of pH adjustment on the antibacterial activity of Bio-
glass® supernates indicated that the antibacterial activity
of Bioglass® supernates was a pH-related phenomenon.
However. it was not possible to conclude from these
experiments that the antibacterial activity was due to
a high pH per se. A reduction in the pH of the Bioglass®
supernates may have altered the solubilities of particular
ions in the supernates which. at pH 9.8, could also have
been responsible for the bactericidal effect. However, the
antibacterial activity observed with addition of NaOH to
nutrient broth was of similar magnitude to that elicited
by the Bioglass® supernates. The antibacterial activity
represented percentage kills of approximately 91% for
the untreated Bioglass® supernates and 97% for NaOH
in nutrient broth. This provided evidence that high pH
alone was responsible for the antibacterial activity. High
pH solutions have previously been shown to have some
antibacterial activity [13]. Dentifrices of high pH have
also been shown to be bactericidal [14].

While no other studies appear to have been under-
taken examining the antibacterial properties of 4355 Bio-
glass®, some work has been carried out examining
a similar material, S33P4 (SiO,, 33; Na,O, 23; Ca0, 20:
and P,0s;, 4;: wt%). This material has been used in the
treatment of hypersensitive teeth and sinusitis [13.16].
These workers found even greater antibacterial effects.
although the glass surface area-to-volume (SA/V) ratio
used in their experiments was between 10 and 20 times
greater than the supra- and subgingival studies described
in this report. Bioglass® of high SA/V ratios can generate
a faster rate of pH increase in the surrounding solution
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and a [aster rate of ion release compared to lower SA, V
ratios [17]. Such findings may explain the cven greater
antibacterial effects found with S53P4 compared to the
materials used in the present study.

5. Conclusions

Particulate Bioglass® was shown to exert a consider-
able antibacterial effect against certain oral bacteria.
including those associated with caries and periodontal
disease. This antibacterial effect may reduce the potential
for bacterial colonisation of Bioglass® when used in
periodontal applications.
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