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Abstract

Periodontal diseases are associated with inflammation, loss of gingival
attachment and erosion of alveolar bone. More than 300 species of bacteria
have been isolated from human subgingival plaque samples. Of these, certain
species including Actinobacillus actinomycetemcomitans, Porphyromonas
gingivalis and Fusobacterium nucleatum have been specifically implicated in the
aetiology of one or more of the periodontal diseases. The microenvironment of
the periodontal pocket is extremely complex and it is likely that there will be
continual variation in the environmental conditions operating in this habitat. The
aim of this thesis was to study the effect of environmental factors on the growth
and virulence potential of periodontopathogenic bacteria.

The redox potential (En) of the environment was found to profoundly affect the
growth and survival of P. gingivalis and F. nucleatum. Addition of the redox-
modifying agent, methylene blue (MB), to suspensions of P. gingivalis and F.
nucleatum caused an increase in the E;, of the medium and this was associated
with killing of both organisms. In a small-scale clinical trial, application of MB to
the periodontal pocket was associated with changes in the subgingival
microflora which represented a shift towards a microflora more compatible with
gingival health.

The effect of growth medium and incubation atmosphere on the acid (AcP) and
alkaline (AIP) phosphatase activity of A. actinomycetemcomitans was studied.
AcP activity was greater under anaerobic conditions compared to CO,-enriched
aerobic conditions.

The effect of IL-13 and IL-6 on the growth of P. gingivalis and A.
actinomycetemcomitans and the ability of these two organisms to degrade IL-
1B, IL-6 and IL-1ra was determined. Neither IL-1p nor IL-6 affected the growth
of either organism. However, P. gingivalis was shown to rapidly degrade these
cytokines both in the absence and presence of serum. A.
actinomycetemcomitans exhibited no cytokine-degrading activity.

The effect of a range of environmental conditions (growth in a COz-enriched
aerobic atmosphere versus anaerobic growth, presence of serum or blood,
biofilm versus planktonic mode of growth and iron depletion) on the surface
protein and antigen profiles of A. actinomycetemcomitans was examined. Up-
regulation and down-regulation of a number of proteins was observed when
growth conditions were altered.

This study has shown that environmental conditions do affect the growth and
virulence potential of periodontopathogenic bacteria and furthermore, that
environmental modification may represent an alternative to traditional
antimicrobial agents in eliminating these microorganisms from the periodontal
pocket.
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AcP acid phosphatase
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o alpha
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1.1.1.1 The junctional epithelium

The junctional epithelium (JE) provides attachment of the free marginal gingiva
to the tooth surface. The apical region of the JE is only a few cell layers thick
while the coronal region adjacent to the sulcus may be 15 - 30 cell layers thick.
The JE is constantly renewed and is quite permeable allowing the diffusion of
bacterial products (Listgarten, 1986).

1.1.1.2 The gingival sulcus

The gingival sulcus is a narrow groove surrounding the tooth. In health the
sulcus is approximately 0.5 mm in depth. It is lined by the sulcular epithelium
which extends from the crest of the free marginal gingiva to the tooth surface.

1.1.2 Alveolar bone

The alveolar bone is made up of bony processes that project from the mandible
and maxilla. These processes consist mainly of cancellous or spongy bone
covered by a layer of harder cortical bone. The sockets which accommodate the
roots of the teeth are lined with a layer of bone known as alveolar bone proper
or cribiform plate. Alveolar bone is a vascular and innervated mineralised tissue.
There is a constant turnover of alveolar bone (remodelling) which results from
the processes of bone formation and bone resorption (Schwartz et al., 1997).

1.1.2.1 Osteoblasts

The osteoblast is the cell responsible for bone formation. Osteoblasts are
cuboidal cells which occur in continuous sheets. They have a high capacity for
protein synthesis and possess a large Golgi apparatus and an extensive
endoplasmic reticulum (Holtrop, 1991a). Osteoblasts synthesise a collagen-rich
matrix (osteoid) which is subsequently mineralised to form mature bone. The
organic matrix consists mainly of type | collagen. Other non-collagenous
proteins such as osteonectin, osteopontin, osteocalcin and various
proteoglycans are also present. Mineralisation of the matrix is also under the
control of the osteoblasts. The activity of osteoblasts is tightly controlled by
systemic hormones (e.g. parathyroid hormone, 1,25-dihydroxyvitamin Ds,
oestrogen), growth factors (e.g. TGF-B, IGFs) and cytokines (e.g. IL-1p)
(Heersche and Aubin, 1991).
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1.1.2.2 Osteoclasts

The osteoclast is the cell responsible for bone resorption. These cells are large
in size (50 - 100 um), multinucleated (2 - 10 nuclei) and highly motile. They
normally occur singly or in low numbers at the resorption site (Holtrop, 1991b).
The osteoclast attaches to the mineralised bone surface by forming a tight ring
of adhesion (sealing zone). The area inside the sealing zone constitutes the
bone resorbing compartment. Protons are extruded across the apical
membrane (ruffled border) of the osteoclast into the bone resorbing
compartment resulting in a decrease in local pH (Blair et al., 1989). In addition
the osteoclast secretes a number of enzymes including acid phosphatase,
arylsulfatase, B-glucoronidase, cysteine proteinases and collagenase (matrix
metalloproteinase 1, MMP-1) (Delaisse et al., 1991; Delaisse and Vaes, 1992).
The low pH causes dissolution of the mineral phase of the underlying bone,
whilst the degradative enzymes break down the organic matrix.

The termination of bone resorption and initiation of bone formation occurs
through a coupling mechanism. This coupling process ensures that the amount
of bone removed during the resorption phase is equivalent to the amount laid
down in the subsequent formation phase. Factors produced by osteoblasts
during bone formation are incorporated into the extracellular matrix. During
phases of bone resorption these factors are released and activated. These
activated factors act to inhibit oseoclast activity and stimulate oseoblast activity.
In addition osteoclasts and osteoblasts produce other factors which modulate
both their own activity and the activity of the other cell type (Schwartz et al.,
1997).

Where bone resorption exceeds bone formation, for example in periodontal

disease, there will be a net loss of bone.

1.1.3 The periodontal ligament

The periodontal ligament attaches the root of the tooth to the alveolar bone. It
consists mainly of bundles of collagen fibres which are embedded in cementum
on the tooth side and in the alveolar bone on the opposite side. Type | collagen
accounts for about 80% of the periodontal ligament collagen. The periodontal
ligament also contains blood and lymph vessels and numerous cell types
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including fibroblasts (responsible for collagen synthesis), osteoblasts and
- osteoclasts.

1.1.4 Cementum

Cementum is a calcified tissue covering the root of the tooth. Cementoblasts
located at the interface of the periodontal ligament with the cementum
continually synthesise an organic matrix which is subsequently calcified to form
cementum. The primary function of cementum is to attach the periodontal
ligament fibres to the root surface.

1.2 Periodontal diseases

Periodontal diseases can be divided into conditions which affect only the
gingiva (gingivitis) and conditions which involve other tissues of the
periodontium, namely the periodontal ligament, cementum and alveolar bone.
Periodontal diseases may be further classified according to the rate of progress
of the disease (rapid, acute, chronic), the age group of the person affected (pre-
pubertal, juvenile, adult), the distribution of the lesions (localised or generalised)
or whether there are any predisposing factors (e.g. HIV infection, pregnancy,
diabetes) (Ranney, 1993).

1.2.1 Gingivitis

Gingivitis begins with the accumulation of plaque along the gingival margin (Lée
et al., 1965; Theilade et al., 1966). Bacterial products penetrate the gingival
tissues leading to inflammation (chronic marginal gingivitis). Clinical
manifestations of advanced gingivitis include bleeding on probing, erythema
(redness) and oedema (swelling). If plaque is removed at this stage, periodontal
health may be restored. Continued build-up of plaque may lead to periodontitis,
although gingivitis may persist for many years without progression to
periodontitis (Socransky et al., 1984).

1.2.2 Chronic adult periodontitis

This is the most common form of periodontitis and affects a large proportion of
the adult population to some degree (Brown and Lée 1993). The progression of
the disease is generally slow and is preceded by precursor gingivitis. The
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distribution of the disease is irregular with more severe destruction occurring in
molar areas and anterior sections. There is evidence to suggest (Goodson et
al., 1982; Socransky et al., 1984) that periodontitis occurs cyclically and that
bursts of disease activity are followed by periods of quiescence and even
healing. The disease is characterised by inflammation, loss of gingival
attachment, tissue destruction and loss of alveolar bone. Alveolar bone loss
results in tooth mobility and eventually tooth loss.

1.2.3 Juvenile periodontitis

Localised juvenile periodontitis (LJP) is a rare condition which begins during
adolescence. The disease affects approximately 0.1% of the adolescent
population (Blankenstein et al, 1978, van der Velden, 1989), although
considerably higher rates have been found in certain parts of the world and in
different ethnic groups (Gjermo et al., 1984; Lée and Brown, 1991). LJP is
characterised by an extremely rapid rate of bone loss which is restricted to the
first permanent molars and incisor teeth. There is generally minimal gingival
inflammation (Hall et al., 1991) and the plaque associated with LJP is sparse.
Often the first sign of disease is tooth mobility. A large proportion of LJP
patients demonstrate depressed neutrophil chemotaxis with cells expressing a
reduced number of cell surface receptors for chemotactic factors (Schenkein
and van Dyke, 1994). There is strong evidence to suggest that Actinobacillus
actinomycetemcomitans is the primary aetiological agent of LJP.

In some individuals a more generalised pattern of tissue destruction can be
observed (generalised juvenile periodontitis).

1.3 Progression of periodontal disease

1.3.1 Development of plaque

The development of plaque involves a number of stages starting with initial
attachment and colonisation of oral surfaces by pioneer species, through a
relatively ordered succession of organisms, to a highly complex climax
community comprised of up to 350 species. Inmediately after a tooth surface is
cleaned, a layer is formed over the enamel surface. This conditioning film is
composed of glycoproteins, mucins and enzymes derived from the saliva, and is
termed the acquired enamel pellicle. A pellicle will also form over the oral
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mucosal surfaces, although the nature of this pellicle may be different from the
acquired enamel pellicle. Bacteria adhere to the pellicle either non-specifically
or specifically (via interactions between adhesins on the bacterial cell surface
and receptors in the pellicle). The first species to attach are mainly Gram-
positive facultative cocci including Streptococcus sanguis, Streptococcus oralis,
Streptococcus mitis and Actinomyces spp. (Liliemark et al., 1986, Nyvad and
Kilian, 1987). These early colonisers provide the nascent surface for the
attachment of secondary colonisers. Coaggregation reactions have been
demonstrated between a number of oral bacteria (Kamaguchi et al., 1994;
Onagawa et al., 1994; Amano et al., 1997), and Kolenbrander and London
(1993) proposed the following model for the colonisation of oral surfaces by
bacteria, with Fusobacterium nucleatum acting as a bridge between early and

late colenisers.

late
colonisers

["TA. actinomycetemcomitans)

early
colonisers

ikl

acquired pellicle

Figure 1.2 Diagrammatic representation of proposed bacterial accretion in dental plaque
(Kolenbrander and London, 1993)
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Gingivitis, the precursor of periodontal disease, begins with the accumulation of
plaque along the level of the gingival margin. As a result of an inflammatory
response, there is an increase in the flow of gingival crevicular fluid (GCF). In
addition to delivering components of the host defences, GCF provides a supply
of proteins, glycoproteins and co-factors that may act as novel nutrients for
periodontopathogenic bacteria. Gingivitis is also associated with bleeding.
These changes in environmental conditions (i.e. an increase in the flow of GCF
and the presence of blood) may lead to the selection of periodontopathogenic
bacteria. Evidence to support this is provided by ter Steeg et al. (1987, 1988)
who demonstrated that repeated passaging or continuous culture of subgingival
plaque in the presence of human serum led to an enrichment of species
implicated in periodontal disease such as Bacteroides spp., F. nucleatum and
Treponema denticola. In addition, Loesche and Syed (1978) observed an
increase in the levels of black-pigmented anaerobes from 0.01% to 0.2% of the
total subgingival flora at sites of gingival inflammation which had progressed to
the bleeding stage.

1.3.2 Formation of the periodontal pocket

Within a few days of undisturbed plaque formation, the gingival margin begins
to show typical inflammatory changes including swelling and redness.
Detachment of the JE and the increasing volume of plaque leads to a
deepening of the gingival sulcus. This, together with oedema of the gingival
tissues creates a small gingival pocket or pseudopocket (Holmstrup, 1996). The
next stage in pocket formation is an apical proliferation and migration of the JE.
The JE becomes attached to the root cementum and a true periodontal pocket
is formed (Muller-Glauser and Schroeder, 1982). The epithelium which lines the
periodontal pocket is referred to as the pocket epithelium. The pocket
epithelium is invaded by neutrophils and is characterised by thickening with
irregular proliferations of rete pegs and micro-ulceration of the epithelium
(Saglie et al., 1982). The periodontal pocket can be up to 12 mm in depth and
provides a unique microenvironment for the proliferation of the subgingival
microflora.
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1.3.3 Microenvironment of the periodontal pocket

1.3.3.1 Anaerobiosis and Ej

Conditions within the periodontal pocket are highly anaerobic with a low oxygen
tension (pO2) and a low E,. The E, of the gingival crevice in health is in the
region of +74 mV. In the periodontal pocket E;, values as low as -300 mV have
been recorded (Marsh and Martin, 1992). The low E; is due in part to the low
pO.. The pO; of the anterior surface of the tongue when the mouth is closed is
16.4% (Eskow and Loesche, 1971). A study by Mettraux et al. (1984)
demonstrated that the pO- in the periodontal pocket was 13.3 mm Hg (1.8% O3)
with deeper pockets having a lower pO; (11.6 mm Hg) than moderately deep
pockets (15.0 mm Hg). The production of reducing agents such as Hz and
methyl mercaptan, and volatile fermentation products by the subgingival
microflora will also contribute to the low Ej.

1.3.3.1.1 Measurement of E;,

En may be defined as the potential for electron transfer from a reductant
(electron donor) to an oxidant (electron acceptor) and can be measured
electrolytically. If an inert electrode is placed into a solution containing a redox
system, it can either give up electrons to the solution or take electrons from it.
The presence of the oxidised form of a substance in a solution will cause
electrons to be drawn away from the electrode (electron suction) and the
electrode will consequently become more positive. If the reduced form of a
substance is present, electrons will be donated to the electrode (electron
pressure) and the electrode will consequently become more negative. The Ey,
resulting from the two processes is a measure of the difference between the
electron suction of the electron acceptor and the electron pressure of the
electron donor (Jacob, 1970). The measuring electrode must be inert and act
only as a conductor of electrons to or from the system. The measuring electrode
is therefore constructed from a non-corrodable noble metal such as platinum,
gold or iridium. The potential of the measuring electrode is compared against
the constant potential of the reference electrode. The standard reference
electrode is the hydrogen electrode which has an ascribed Ey (potential of the
standard hydrogen electrode) of 0 mV. However this type of reference electrode
is rarely used. Other types of reference electrode are the silver chloride
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electrode, the calomel electrode and the sulphate electrode, each of which has
its own constant potential.

When measuring E;, there are some important factors to consider. Ep is
affected by pH, and as the pH decreases, so the E;, increases. The relationship
is not necessarily linear and varies for different redox systems. In addition, the
introduction of even small amounts of oxygen into a redox system will have a
significant effect on the observed Ej.

1.3.3.2 pH

Early studies by Kleinberg (1958) reported alkaline pH as high as 9.06 at
inflamed sites. However this study did not take into account the effect of
reducing agents which would most likely have been present. It has since been
demonstrated that non-ionic reducing agents such as dithiothreitol are able to
donate electrons to antimony electrodes, such as the one used by Kleinberg,
resulting in pH values that are artificially high by as much as 1 - 1.5 units
(Eggert et al., 1991). Another study by Bickel and Cimasoni (1985)
demonstrated a clear relationship between the pH of GCF and gingival index
(Gl). The mean pH of GCF collected from healthy sites was 6.90 compared to
7.79 and 8.66 for GCF collected from sites with a Gl of 1 and 2 respectively.
Again these measurements may have been artificially high as the study did not
take into account the loss of CO; to the atmosphere following exposure of the
GCF samples to air. Eggert et al. (1991) measured the pH in situ of healthy
gingival crevices and periodontal pockets using glass micro-electrodes which
are unaffected by the presence of reducing agents. The authors were unable to
establish a relationship between crevicular pH and disease status. The mean
crevicular pH was near 7.0 and ranged from 6.5 to 7.5 with a small proportion of
individuals having at least one site with a pH between 7.5 and 7.8. However
even a small shift in pH may be sufficient to alter the balance of the periodontal
microflora. In mixed culture studies, an increase in pH from 7.0 to 7.5 led to an
increase of Porphyromonas gingivalis from <1% of the total community to
predominate the culture (Marsh and Martin, 1992). A shift towards a more
alkaline pH in the periodontal pocket may be due in part to the degradation of
proteins and urea.
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1.3.3.3 Temperature

Temperatures in the oral cavity are approximately 1 - 2°C lower than core body
temperature. In healthy subjects a natural gradient in temperature can be
observed over the mandibular and maxillary arches with sulcular temperatures
decreasing from posterior to anterior regions (Kung et al., 1990). Temperatures
at diseased sites are higher (0.96 - 1.76°C) than at healthy sites (Fedi and
Killoy, 1992). In addition, a study by Meyerov et al. (1991), where pocket
temperature was measured at 1 mm intervals, showed that pocket temperature
increases with increasing depth.

1.3.3.4 Nutrients

In the periodontal pocket, the resident microflora are dependent on proteins and
glycoproteins derived from GCF and host tissues as their primary source of
nutrients. Collectively, the periodontal microflora elaborates a vast array of
hydrolytic and proteolytic enzymes and there is evidence to suggest that these
act in concert to breakdown host macromolecules.

Ter Steeg et al. (1987) found that a consortium of bacteria, derived from
subgingival plaque, with different metabolic activities, demonstrated good
growth in human serum (used to mimic GCF) whilst individual species grown in
pure culture in serum exhibited only poor growth. Another example of such
metabolic cooperation is provided by Bradshaw et al., (1994) who demonstrated
that addition of species with novel enzyme activities to a 5-member mixed
culture, in which hog gastric mucin was the major carbon and energy source,
led to an increase in the total viable count. This increase was made up of not
only the numbers of the newly added species, but also an increase in the
numbers of the existing community members.

Many other nutritional interactions have been shown to exist between different
plaque bacteria (Grenier and Mayrand, 1986; Grenier, 1992a; Homer and
Beighton, 1992) and some of these are illustrated in Fig. 1.4.
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Figure 1.4 Nutritional interactions between members of the plaque microflora

1.3.3.5 Host defences

1.3.3.5.1 Gingival crevicular fluid

GCF is a serum exudate which is continually secreted from the gingival tissues
into the sulcus through the sulcular epithelium. GCF has a cleansing and
antimicrobial role. The flow of GCF is approximately 0.3 pl per tooth per hour at
healthy sites. During inflammation the volume of fluid produced increases.
Goodson (1989) reported GCF flow rates of 20 ul per hour at diseased sites
which, with an estimated pocket volume of 0.5 pl, represented a GCF turnover
of 40 times per hour. The mechanical cleansing action of the fluid flow will act to
remove non-adherent bacterial cells and bacterial factors.

GCF contains a number of components of the immune system. Non-cellular
factors present include IgG, IgM, IgA and complement. The predominant
cellular component is the neutrophil, however lymphocytes (T and B-cells) and
monocytes can also be detected.

A whole range of inflammatory mediators and cytokines including PGE> (Nelson
et al., 1992), IL-18 and TNF-a (Heasman et al., 1993) have been identified in
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GCF which act to modulate the activity of host cells in response to the presence
of bacteria and their components.

GCF contains a number of iron-sequestering proteins including transferrin and
lactoferrin. Iron sequestration maintains the free iron concentration at very low
levels. Free plasma iron has been estimated to be 108 moles per litre. This is
far lower than the level (0.1 - 0.4 x 10® moles per litre) required for microbial
growth (Weinberg, 1978). Other antimicrobial components of GCF include
lysozyme and the protease inhibitors alpha-1-antitrypsin and alphas-
macroglobulin.

1.3.3.6 Biofilm mode of life

Traditionally microbiologists have studied bacteria as homogenous suspensions
of planktonic bacteria. However, in natural ecosystems, the majority of bacteria
are attached to surfaces and form biofilms. Dental plaque is an excellent
example of a biofilm.

One of the most notable features of biofilms is the large amount of extracellular
matrix material. In supragingival plaque, the extracellular matrix consists mainly
of polysaccharide material which is comprised largely of glucans and fructans.
This extracellular polysaccharide (EPS) may play an important role in the
adhesion of oral bacteria (Ellen and Burne, 1996).

Bacterial cells within a biofilm exhibit a number of different morphological and
physiological properties compared to their planktonic counterparts. Indeed,
adsorption to surfaces may be sufficient to induce change. Stal et al. (1989)
showed that marine Vibrio species exhibit a change from a single polar
flagellum to the production of numerous lateral flagella when located on a
surface. Changes in O-antigen subunits of LPS in Gram-negative organisms
have also been demonstrated in biofilm organisms (Cochrane et al., 1988).

The general opinion is that surface-associated bacteria demonstrate increased
metabolic activity, although usually only under low-nutrient conditions,
compared to planktonic cells (Hamilton, 1987; Hamilton and Characklis, 1989;
Jeffrey and Paul, 1986). Surface growth may provide an advantage by
facilitating the capture of scarce nutrients. Costerton et al. (1987) proposed that
nutrient trapping may occur at the surface of bacterial biofilms.
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The virulence properties of biofilm bacteria may also differ from their planktonic
counterparts. Jensen et al. (1992) showed that biofiims of Pseudomonas
aeruginosa induced a much lower oxidative burst from polymorphonuclear
leukocytes than the planktonic form of the organism. Another interesting finding
is that of Hoppe (1984) who demonstrated the ability of attached bacteria to
produce extracellular enzymes with a higher Vyax and a lower K, than the
corresponding enzymes produced by planktonic cells.

Organisation of microbial populations into biofilms confers a number of
advantages on the constituent organisms. For example access of components
of the immune response system such as phagocytic cells, antibodies and
complement is limited (Costerton et al., 1987). Biofilms are inherently more
resistant to antimicrobial agents than their planktonic counterparts (Wilson et
al., 1996a). This may be due, in part, to the protective role of the glycocalyx,
although there is evidence to suggest that differences in the physiology and
phenotype of biofilm bacteria in relation to their planktonic counterparts may
also be important (Gilbert and Brown, 1995). The growth rate of an organism in
vivo is likely to be much slower than in a nutrient-rich media in vitro. Slowly-
growing cells have been shown to be more resistant to antimicrobial agents
(Tuomanen et al., 1986). Local differences in environmental conditions within
the biofilm will lead to populations of organisms with physiologies and
phenotypes unique to each particular subset of conditions.

1.4 Aetiology of periodontal disease

The microflora of the periodontal pocket is extremely complex and more than
300 species have been isolated from human subgingival plaque samples. Of
these a number have been implicated in the aetiology of periodontal disease
including A. actinomycetemcomitans, P. gingivalis, Prevotella intermedia, F.
nucleatum, Bacteroides forsythus, Eikenella corrodens, Peptostreptococcus
micros and Eubacterium species (Haffajee and Socransky, 1994). These
putative periodontopathogens may be dependent on other non-pathogenic
members of the microflora for essential nutrients, attachment sites, suppression
of host defence mechanisms, generation of a favourable microenvironment or

inhibition of competing microorganisms.
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Darkground microscopy of subgingival plaque samples reveals a microflora
dominated by rods and spirochaetes many of which are motile. The role of
spirochaetes in periodontal disease is as yet unclear. Plaque from healthy sites
exhibits few, if any, spirochaetes. However plaque from deep pockets contains
large numbers of these organisms. The most extensively characterised
periodontal spirochaete, T. denticola, produces a range of virulence factors
which could potentially contribute to the disease process (Mikx and Keulers,
1992; Ohta et al., 1986; Grenier, 1996).

Initiation of disease involves a number of different stages; transmission,
adherence, colonisation, evasion of host defence mechanisms, invasion, tissue
destruction and inhibition of tissue repair. Periodontopathogenic bacteria have
been shown to produce a plethora of virulence factors which could potentially
contribute to their ability to induce disease (Holt and Bramanti, 1991).

1.4.1 Actinobacillus actinomycetemcomitans

A. actinomyceterncomitans is a small Gram-negative, non-motile, saccharolytic,
capnophilic coccobacillus. On initial isolation the colonies are small with a
characteristic crossed-cigar configuration at the centre. A
actinomycetemcomitans is implicated in the aetiology of several forms of
periodontal disease (Slots et al., 1986; Haffajee and Socransky, 1994) but the
strongest association of this organism with destructive periodontal disease is
observed in LJP. A. actinomycetemcomitans is isolated with increased
frequency and in higher numbers (Slots et al., 1980a; Zambon et a/., 1983) from
LJP lesions compared to plaque samples from healthy sites or diseased sites in
other forms of periodontal disease. LJP patients demonstrate an enormously
elevated antibody response to A. actinomycetemcomitans (Ebersole, 1990).
Successful treatment of LJP patients results in elimination or a decrease in the
levels of A. actinomyecetmcomitans, whilst treatment failure is associated with
failure to bring about a reduction in the levels of this organism (Haffajee et al.,
1984; Mandel et al., 1986; Slots and Rosling, 1983). Furthermore, studies have
also shown that levels of A. actinomycetemcomitans are higher at disease-
active sites compared to inactive sites (Mandell et al., 1987; Haffajee et al.,
1984). A. actinomyecetmcomitans produces a vast array of potential virulence
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factors which may contribute to the ability of the organism to induce disease
(Wilson and Henderson, 1995).

1.4.1.1 Pathogenic strategies

The first stage in colonisation is attachment. A. actinomycetemcomitans
produces large amounts of extracellular amorphous material which contributes
to the ability of the organism to attach to epithelial cells in vitro (Meyer and
Fives-Taylor, 1993). Fimbriae produced by certain strains of A.
actinomycetemcomitans have also been shown to be important in mediating
attachment to epithelial cells (Preus et al., 1988) and saliva-coated
hydroxyapatite (Rosan et al., 1988). There is evidence to suggest that following
attachment, A. actinomycetemcomitans is able to invade the periodontal
tissues. A. actinomycetemcomitans has been detected in gingival tissue
samples by immunofluorescence (Christersson et al., 1987) and the organism
has also been shown to invade a number of cell types in vitro (Meyer et
al.,1991; Blix et al., 1991).

A. actinomycetemcomitans possesses a number of mechanisms by which it
may interfere with host defences. The leukotoxin of A. actinomycetemcomitans
forms pores in the membrane of target cells (Taichman et al., 1991) causing
lysis of neutrophils, monocytes and lymphocytes (Simpson et al., 1988). A.
actinomycetemcomitans  produces immunoglobulin-degrading proteases
(Gregory et al., 1992, Jansen et al., 1994) and Fc-binding proteins (Tolo and
Helgeland, 1991). In addition the organism produces a 60 kDa protein that
inhibits 1gG and IgM synthesis by human peripheral blood lymphocytes
(Shenker et al., 1990). In vivo these features may lead to a reduction in
opsonisation and phagocytosis of the organism. A. actinomycetemcomitans has
been shown to be resistant to a number of the antibacterial components of
neutrophil granules including H2O, (Miyasaki et al., 1984), defensins (Miyasaki
et al., 1990) proteinase 3, azurocidin, lysozyme and elastase (Miyasaki et al.,
1991). In addition, the organism appears to be able to inhibit the production of
such compounds (Ashkenazi et al., 1992). One of the first stages of the immune
response is an infiltration of polymorphonucleocytes (PMNs) to the site. Van
Dyke et al. (1982) reported a secreted compound from A
actinomycetemcomitans which was able to inhibit PMN chemotaxis.
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A. actinomycetemcomitans possesses a number of virulence factors which
could contribute to tissue destruction. Lipopolysaccharide (LPS) (Kiley and Holt,
1980) and lipid A-associated proteins (LAPs) (Reddi et al., 1995a) have been
shown to stimulate bone resorption. Another osteolytic agent, a 62 kDa protein
isolated from A. actinomycetemcomitans surface-associated material (SAM),
which possesses 95% sequence homology with Escherichia coli GroEL, has
been shown to be a potent stimulator of bone resorption (Kirby ef al., 1995). A.
actinomycetemcomitans produces a number of enzymes including acid and
alkaline phosphatases (Fletcher et al., 1995) and collagenase (Robertson et al.,
1982) which may contribute to tissue breakdown. LPS, LAPs and SAM from A.
actinomycetemcomitans have been shown to stimulate the release of pro-
inflammatory cytokines from monocytes and fibroblasts (Reddi et al., 1995b,
Reddi et al., 1996a,b). IL-1B, IL-6 and TNF-a are mediators of bone resorption
(Schwartz et al., 1997; Dziak, 1993; Tatakis, 1993; Ishimi et al., 1990; Kurihara
et al., 1990) and IL-1B8 and TNF-a are able to stimulate the release of MMPs
from fibroblasts (Reynolds and Meikle, 1997).

In addition to its potential for inducing tissue damage, A.
actinomycetemcomitans exhibits several mechanisms by which it may inhibit
tissue repair. A number of studies have demonstrated the ability of extracts or
components of A. actinomycetemcomitans to inhibit fibroblast proliferation
(Kamin et al., 1986; Meghiji et al., 1992a; White et al., 1995). Gapstatin, an 8
kDa protein isolated from A. actinomycetemcomitans SAM appears to act by
inhibiting fibroblasts in the G, phase of growth (Patel et al., 1994). In addition
there is evidence to suggest that A. actinomycetemcomitans may inhibit bone
formation. SAM from the organism inhibited DNA and collagen synthesis by
murine calvaria and osteoblasts (Meghiji et al., 1992b).

1.4.2 Porphyromonas gingivalis

P. gingivalis is an anaerobic Gram-negative, non-motile, asaccharolytic, short
rod. On blood agar plates the organism produces dark olive-green to black
colonies. There is a strong correlation of P. gingivalis with periodontal disease.
The organism is absent or present in low numbers in most healthy individuals
(Spiegel et al., 1979; Duerden, 1980; White and Mayrand, 1981). In periodontal
disease, P. gingivalis can be detected at 40 - 55% of sites (Savitt and
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Socransky, 1984; Loesche et al., 1985; Slots et al., 1986). In addition, a
proportional increase in the level of P. gingivalis in subgingival plague has been
correlated with severity of disease (Socransky et al., 1991).

1.4.2.1 Pathogenic strategies

P. gingivalis produces a range of virulence factors (Cutler et al., 1995, Haffajee
and Socransky, 1994) which may contribute to the ability of the organism to
colonise the tissues and initiate disease. Fimbriae produced by P. gingivalis
have been shown to mediate attachment to oral epithelial cells and saliva-
coated tooth surfaces (Slots and Gibbons, 1978; Okuda et al., 1981).
Coaggregation with other bacterial species may also facilitate colonisation
(Kamaguchi et al., 1994; Kinder and Holt, 1993, Amano et al., 1997).

Once attached, the organism must obtain the appropriate nutrients in order to
grow and multiply. P. gingivalis has an essential requirement for blood hemin
(iron protoporphyrin IX). P. gingivalis is able to agglutinate (Mouton and
Chandad, 1993) and lyse (Chu et al., 1991) red blood cells thus liberating hemin
and hemin-binding and iron transport systems have been described for this
organism (Winston and Dyer, 1994; Genco, 1995; Bramanti and Holt, 1992;
Smalley et al., 1993a). P. gingivalis is a highly proteolytic organism and
produces a number of proteolytic enzymes (Kuramitsu et al., 1995) which can
degrade proteins derived from host tissues and GCF providing the organism
with small peptides and amino acids.

P. gingivalis exhibits a number of immune-evasion strategies. A capsule which
is composed of polysaccharide material enables the organism to resist
phagocytosis by PMNs (Sundqvist et al., 1991; van Winklehoff et al., 1993). P.
gingivalis proteases have the capacity to reduce the bactericidal activity of
human serum. Proteases from this organism have been shown to degrade IgG,
IgA, IgM, the complement component C3 (Gregory et al., 1992; Grenier, 1992b)
and lactoferrin (Alugupalli and Kalfas, 1996). P. gingivalis can also inhibit
neutrophil chemotaxis (Novak and Cohen, 1991) and volatile fatty acids
produced by the organism as metabolic by-products inhibit T- and B-cell
proliferation (Kurita-Ochiai, 1995).

The tissue damage observed in periodontal disease may be due in part to the
products and components of P. gingivalis. SAM, LPS and LAPs from P.
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gingivalis have been shown to induce bone resorption in a mouse calvarial
assay (Reddi et al., 1995a). Proteases may contribute to the soft tissue damage
and these enzymes have also been shown to possess collagenolytic activity
(Mayrand and Grenier, 1985; Smalley et al., 1988; Kuramitsu et al., 1995). P.
gingivalis is able to stimulate cytokine release from a number of cell types
(Reddi et al., 1995b, 1996b). Induction of pro-inflammatory cytokine release by
oral bacteria may indirectly contribute to tissue breakdown.

1.4.3 Fusobacterium nucleatum

F. nucleatum is a non-motile, anaerobic Gram-negative organism. Cells are rod
shaped with long tapered ends. This species exhibits a high degree of
heterogeneity and, on the basis of electrophoretic patterns of whole-cell
proteins and DNA homology, Dzink et al. (1990) proposed that the species be
divided into three different subspecies: nucleatum, polymorphum and vincentii.
F. nucleatum is one of the most commonly-occurring species in the healthy
gingival crevice (Moore and Moore, 1994). A significant increase in the levels of
this organism is observed at sites of gingival inflammation suggesting that F.
nucleatum may play an important role in the initiation of periodontal diease (van
Palenstein Helderman, 1975; Moore and Moore, 1994). In addition, increased
levels of this organism have been demonstrated at disease-active sites
compared to inactive sites (Dzink et al., 1988).

1.4.3.1 Pathogenic strategies

F. nucleatum is able to attach to human oral epithelial cells and gingival
fibroblasts (Xie et al., 1991). Babu et al. (1995) suggested that fibronectin may
play an important role in mediating attachment to host cells. F. nucleatum
participates in a number of coaggregation reactions. The organism has been
shown to coaggregate with oral streptococci (Takemoto et al.,, 1993) and P.
gingivalis (Kinder and Holt, 1993). It has been suggested that F. nucleatum may
act as a bridge between the early and late colonisers of dental plaque
(Kolenbrander and London, 1993). The formation of multigeneric aggregations
may help maintain the presence of F. nucleatum and other
periodontopathogens in the periodontal pocket.
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F. nucleatum demonstrates a number of mechanisms by which it may evade
immune responses. Grenier and Michaud (1994) demonstrated IgG Fc-binding
activity in a number of oral bacteria including F. nucleatum. An
immunosuppressive factor, FIP, has been purified from F. nucleatum. FIP
inhibits T-cell activation by arresting cells in the G4 phase of the cell cycle
(Shenker and Datar, 1995; Demuth et al., 1996).

Of particular importance to the periodontopathogenic potential of F. nucleatum
would appear to be the production of toxic metabolites. Butyric and propionic
acids produced by F. nucleatum have been shown to inhibit T- and B-cell
proliferation (Kurita-Ochiai et al., 1995) and human gingival fibroblast
proliferation (Bartold et al., 1991). In addition, hydrogen sulfide produced by F.
nucleatum (Pianotti et al., 1986) may interfere with opsonisation of the organism
(Granlund-Edstedt et al., 1993). LPS extracted from F. nucleatum demonstrated
B lymphocyte mitogenicity and was found to inhibit cell growth and DNA
synthesis of human gingival fibroblasts (Onue et al., 1996). F. nucleatum also
has the potential to modulate cytokine production by host cells and both
particulate and soluble fractions of the organism were able to induce the release
of TNF-a and IL-1a from monocytes and human gingival fibroblasts (Rossano
et al.,1993).

1.4.4 Extracellular vesicles

A number of periodontopathogenic bacteria have been shown to produce
extracellular vesicles (Mayrand and Grenier, 1989). These vesicles are a direct
outgrowth or evagination of the outer membrane and possess a wide range of
biological activities. Vesicles from P. gingivalis have been shown to possess
haemagglutinating, haemin-binding and proteolytic activities (Smalley et al.,
1993b). In addition, vesicles from P. gingivalis contain large amounts of LPS.
Vesicles from A. actinomycetemcomitans have been shown to possess
leukotoxic (Berthold et al., 1992) and bone resorbing (Mayrand and Grenier,
1989) activities. '

These vesicles may act as a vehicle delivering potent virulence factors into the
host tissues and may also act as scavengers of essential nutrients within the
local environment of the bacterial cell.
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compared to cells grown under aerobic conditions. Smalley et al. (1994)
showed that whilst P. gingivalis was able to bind hemin in an oxidising
environment, the hemin-binding capacity was greatly enhanced under reducing
conditions such as would be encountered in the periodontal pocket. When P.
gingivalis was subjected to a 2°C increase in temperature from 37°C to 39°C, a
sharp decrease in the production of fimbrillin and a concomitant increase in
superoxide dismutase activity was observed (Amano et al., 1994).

Such studies are essential in order to build a more complete picture of how the
periodontopathogenic microflora may cause destruction of the periodontal
tissues in the highly complex and continually changing microenvironment of the
periodontal pocket in vivo and to identify potential therapeutic targets.

1.6 Pathology of periodontal diseases

The response of the host to the continued presence of bacteria and their
products is to mount an immune response, which is intended to destroy the
infectious agent, remove the debris and repair the damaged tissues.

In the early stages of the acute inflammatory response, a number of
vasodilatory mediators including histamine, bradykinin and fibrin degradation
products are released which results in an increase in vascular permeability.
Activation of phospholipases leads to the degradation of membrane
phospholipids to produce arachidonic acid. Arachidonic acid is, in turn, acted on
by the enzymes lipoxygenase and cyclo-oxygenase to produce a variety of
mediators including prostaglandins (e.g. PGE;) and leukotrienes (e.g. LTBy).
The acute inflammatory response is characterised by an infiltration of
neutrophils. LTB4, the complement component C5a and small peptides released
from bacteria act as chemoattractants for these cells. The primary role of the
neutrophil is phagocytosis. Degranulation of neutrophils leads to the release of
degradative enzymes including collagenase, elastase, B-glucoronidase and
arylsulfatase which can contribute to localized tissue damage.

During the chronic phase of the inflammatory response, there is a mass
infiltration of monocytes into the region which then differentiate into tissue
macrophages. Chemoattractants for these cells include C5a and TGF-B. In
addition to their phagocytic role, macrophages are an important source of

42



microbicidal reactive oxygen metabolites such as O;", H,O; and ‘OH which can
also be toxic to host cells. Macrophages are also an important source of
inflammatory mediators or cytokines.

1.6.1 Cytokines

Cytokines are soluble proteins or glycoproteins which act as intercellular signals
modulating immunoinflammatory processes.

Cytokines are produced by a number of cell types including macrophages and
fibroblasts, and may act in a paracrine (i.e. near to the producing cell) or
autocrine (i.e. directly on the producing cell) manner. Cytokines may be
produced constitutively or in response to a particular stimulus, for example
complement factors and other cytokines. Bacteria have been shown to produce
a whole range of molecules, in addition to LPS, which have the capacity to
induce cytokine production (Henderson and Wilson 1995, Henderson and
Wilson, 1996).

The cytokine network is extremely complex and it is not yet fully understood
which cytokines are important in periodontal disease. However there is
considerable evidence to suggest that the pro-inflammatory cytokines IL-1 and
IL-6 are involved and elevated levels of these two cytokines have been
demonstrated in GCF and periodontal tissues (Masada et al., 1990; Reinhardt
et al., 1993; Bartold and Haynes, 1991; Takahashi et al., 1994; Hou et al., 1995;
Stashenko et al., 1991) of patients with periodontal disease.

1.6.1.1 Interleukin-1

IL-1 occurs in two forms (IL-1a and IL-13) which recognize the same receptor
and therefore possess similar biological activities. IL-1 is produced as a 31 kDa
precursor which is cleaved to the mature 17.5 kDa form by pro-IL-1 converting
enzyme (ICE). In the gingival tissues, macrophages are the main source of IL-1
(Matsuki et al., 1991).

IL-1 plays a central role in the host response to bacterial invasion and has a
wide range of target cells. The biological effects of this cytokine include the
stimulation of fibroblast proliferation, T- and B-cell proliferation and induction of
immunoglobulin secretion from mature B cells. IL-1 also stimulates the
production of a number of cytokines (IL-1, IL-2, IFN-y, IL-3, IL-4 and TGF-8) by
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monocytes and neutrophils (Dinarello, 1994).

IL-1 possesses a number of biological activities which could potentially
contribute to the tissue damage observed in periodontal disease. IL-1 is a
potent mediator of bone resorption (Tatakis, 1993). The mechanism of IL-1
induced bone resorption is very complex and this cytokine has been shown to
trigger a number of events which may ultimately lead to bone loss. Several
studies have demonstrated the abilty of IL-1 to induce fusion of osteoclast
precursor cells to form multinucleate osteoclast cells (Pfeilschifter et al., 1989;
Kurihara and Roodman, 1990). IL-1 stimulates the production and release of
PGE:; by osteoblasts (Sato et al., 1986; Tatakis et al., 1988; Akatsu et al., 1991)
and fibroblasts (Newton and Covington, 1987; Richards and Rutherford, 1988)
which in turn activates osteoclasts. In addition to its ability to initiate bone
resorptive events, IL-1 can also inhibit bone formation (Stashenko ef al., 1987,
Nguyen et al., 1991). In a study by Canalis (1988), an IL-1 induced inhibition of
collagen synthesis by cultures of rat calvariae was demonstrated. IL-1 may also
contribute to soft tissue damage by stimulating the release of matrix
metalloproteinases (MMPs) (Meikle et al., 1989) and plasminogen activator
(Mochan et al., 1988) from human gingival fibroblasts.

1.6.1.2 Interleukin-6

IL-6 is produced by a wide variety of cell types including T- and B- cells,
macrophages, fibroblasts, osteoblasts and osteoclasts. It is a glycoprotein with
a molecular mass ranging from 20 - 30 kDa depending on the cellular source.
IL-6 is a multifunctional cytokine that regulates immune responses,
hematapoiesis and acute phase reactions. One of the main functions of IL-6 is
to stimulate the differentiation of B-cells into plasma cells which subsequently
secrete large amounts of IgG, IgA and IgM (Narazaki and Kishimoto, 1994).

The exact role of IL-6 in the pathology of periodontal disease remains to be
established, however there is growing evidence to suggest that IL-6 is an
important mediator of bone resorption. In a study by Kurihara et al. (1990), IL-6
was shown to stimulate the formation of multinucleate osteoclast-like cells in
human marrow cultures. These results are in accordance with Ishimi et al.
(1990) who found that addition of IL-6 to fetal mouse calvaria stimulated calcium
release in a dose dependent manner and this was associated with a
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concomitant increase in osteoclast numbers.

1.6.1.3 Interleukin-1 receptor antagonist

Cytokine activities are regulated by inhibitors or antagonists. IL-1 receptor
antagonist (IL-1ra) for example is structurally related to IL-1 and binds to the
same receptors as IL-1, but does not trigger the intracellular signal transduction
events which normally occur when IL-1 binds (Eisenberg et al., 1990; Hannum
et al., 1990). Thus IL-1ra acts to suppress the effects of IL-1.
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Figure 1.6 Contribution of host factors released in response to bacterial components in
the pathology of periodontal disease
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1.7 Treatment of periodontal diseases

1.7.1 Scaling and root planing

Scaling involves the mechanical removal of supra- and sub-gingival calculus.
Root planing refers to the removal of embedded calculus and pathologically-
altered cementum from the root surface. The aim of scaling and root planing is
to generate a smooth tooth surface which is less conducive to the accumulation
of plaque and a smooth root surface free of irritants such as calculus, plaque
bacteria and endotoxin, thereby encouraging new epithelial attachment. The
open-flap procedure is a surgical procedure whereby incisions are made in the
gingival tissue creating a flap which can be folded back allowing improved
access to the root surface for scaling and root planing.

1.7.2 Adjunctive therapies

In recent years, antibiotics and antimicrobial agents have been increasingly
used as an adjunct to scaling and root planing (Gordon and Walker, 1993,
Smith et al., 1994; Needleman et al., 1995; Seymour and Heasman, 1995). The
two most widely used antibiotics are the tetracyclines (which include
doxycycline and minocycline) and metronidazole. Tetracyclines have a broad
spectrum of activity and are effective against many anaerobic and facultative
bacteria and spirochaetes. Tetracyclines have been shown to be particularly
effective in the treatment of LJP. The reason for this may be that A.
actinomycetemcomitans, the main species implicated in the aetiology of LJP, is
highly susceptible to tetracyclines (Slots et al., 1980b). A useful property of the
tetracyclines is that they become concentrated in GCF and levels 5 times higher
than in serum can be detected following systemic administration (Ciancio et al.,
1980; Gordon et al., 1981).

Metronidazole is only active at low E, and is particularly effective against
anaerobic organisms (Gordon and Walker, 1993). Metronidazole has been used
in the treatment of periodontal disease and has been shown to reduce the
proportions of anaerobic rods and spirochaetes in subgingival plaque (Loesche
et al., 1992).

Systemic administration of antibiotics in the routine treatment of periodontal
diseases is not generally recommended due to the risk of side effects, and more
recently attention has focused on the development of methods of local
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application of antibiotics and antimicrobial agents (Needleman et al., 1995).
Slow or controlled release devices consist of an antibiotic or antimicrobial agent
embedded in a matrix which is placed in the periodontal pocket. The drug is
released gradually over a period of time as the matrix breaks down. Examples
of controlled release devices include gels containing metronidazole (Elyzol) or
minocycline (Dentomycin) and fibres containing tetracycline (Actisite). GCF
antibiotic concentrations achieved are much higher than those obtained by
systemic administration (Needleman et al., 1995).

In addition to their antimicrobial effect, antibiotics and other antimicrobial agents
can also reduce the activity of potentially damaging bacterial and host enzymes.
Millward and Wilson (1990) demonstrated a reduction in the proteolytic activity
of P. gingivalis in the presence of sub-inhibitory concentrations of chlorhexidine,
‘whilst numerous studies have shown that tetracyclines inhibit tissue
collagenase activity (Golub et al., 1984; Ingman et al., 1993).

1.7.3 Disadvantages of using antibiotics in the treatment of periodontal
diseases

Numerous side effects have been reported following systemic antibiotic
treatment of periodontal disease (Gordon and Walker, 1993; Slots and Rams,
1990). A common side effect is the disturbance of the gastrointestinal microflora
leading to abdominal discomfort, nausea, vomiting and diarrhoea. Systemic
antibiotic administration tends, therefore, to be restricted to certain conditions
such as juvenile, rapidly progressive and refractory periodontitis. Locally-applied
antibiotics are generally better tolerated.

However the main concern over the use of antibiotics in the treatment of
periodontal disease is the development of resistance by bacteria in the oral
cavity and elsewhere. The massive increase in the production and use of
antibiotics in the last three decades has lead to what might be described as a
“crisis in antibiotic resistance” (Neu, 1992). Bacteria have become resistant to a
wide range of antimicrobial agents as a result of chromosomal changes or the
exchange of genetic material via plasmids and transposons. There is ample
evidence to suggest that the periodontal microflora too, is developing resistance
to a number of antibiotics. In a study by Lacroix and Walker (1995) tetracycline-
resistant bacteria represented approximately 12% of the total viable count of
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subgingival plaque samples, whilst Listgarten ef al. (1993) demonstrated
resistance to tetracycline, penicilin and metronidazole in a number of
periodontopathogens including A. actinomycetemcomitans, F. nucleatum and
Prev. intermedia. Long-term systemic therapy with tetracycline has been shown
to increase the proportion of resistant strains present in the subgingival
microflora (Kornman and Karl, 1982). Short-term therapy with tetracycline
resulted in an increase in the minimum inhibitory concentration (MIC) to the
agent in Por. gingivalis and Prev. intermedia (Abu-Fanas et al., 1991). This
supports the work of O’Connor et al. (1990) who demonstrated an increase in
MIC to minocycline in A. actinomycetemcomitans following exposure to low
concentrations of the antibiotic for several weeks.

1.7.4 Alternative approaches to the treatment of periodontal disease

1.7.4.1 Modification of the environment

The survival, growth and pathogenic potential of an organism in the periodontal
pocket is dependent on environmental factors such as pH, Ey pO: and the
availability of nutrients. By modifying the conditions in the periodontal pocket, it
may be possible to create an environment which is incompatible with the growth
of periodontopathogenic bacteria.

The periodontal pocket has a low pO, and a low E, which is essential for the
survival of the anaerobic microflora. Several studies have looked at the effect of
oxygen and oxygenating agents on gingivitis and periodontitis (Chasens, 1978).
In 1937, Box reported that delivery of molecular oxygen into the gingival crevice
resulted in an improvement in gingival health. However in a study by Hirsch et
al. (1981), locally released molecular oxygen was found to have no significant
effect on plaque formation and development of gingivitis. A number of
oxygenating agents which release molecular oxygen have been investigated for
their potential use in the treatment of gingivitis and periodontal disease. Merritt
(1939, cited by Chasens, 1978) recommended the use of a toothpowder
containing sodium perborate for the treatment of necrotising ulcerative gingivitis
and observed no side-effects from its use. However Hirschfeld (1942) found that
sodium perborate, where applied as a paste or mouthwash, caused chemical
burns of the oral mucosa, hairy tongue, oedema of the lips and crevical
sensitivity. Zinc perborate in the presence of moisture slowly and continuously
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liberates active oxygen. Several studies indicate promising results with zinc
peroxide in the treatment of oral infections (Knighton, 1940; Freeman, 1940).
Monoxychlorosene in solution releases chlorine and oxygen. In a study by
Weisman (1958) monoxychlorosene was shown to be a useful adjunct to oral
hygiene, and greater reductions in levels of plaque were observed in the test
group compared to the control group. No adverse reactions were reported. An
in vitro study by Rosenthal (1958) however, raised doubts as to the bactericidal
properties of monoxychlorosene. Sodium peroxyborate monohydrate (SPM) is
claimed to have more than four times the oxygen concentration of sodium
perborate. Wade et al. (1963) compared SPM with penicillin in the treatment of
acute ulcerative gingivitis. SPM was found to be effective in 73% of cases
compared to 83% effectiveness with penicillin. None of the patients treated with
SPM demonstrated any side-effects. Urea peroxide in a glycerine gel has been
shown to reduce the number of viable bacteria in saliva two hours after brushing
and rinsing with the test product (Slanetz and Brown, 1946). Several studies
have demonstrated that urea peroxide gel can reduce plaque levels (Shipman
et al., 1971; Shapiro et al., 1973; Zinner et al., 1970), although reductions in
gingival inflammation were not necessarily greater in the test group compared
to the control group. No side-effects were reported from the use of the product.
Hydrogen peroxide (H.O;) is the most widely investigated oxygenating agent
and a number of oral health care products containing H,O, are currently
available. In a review of the use of H,O; in the treatment of gingivitis and
periodontal disease (Marshall et a/., 1995), it was concluded that prolonged use
of H,0; can bring about a decrease in plaque and gingivitis indices. However
for effective treatment of periodontal disease, H,O, must be mechanically
introduced into the periodontal pocket. Another oxygenating agent currently
used in oral health care products is chlorine dioxide (CIO;). ClO, has been
shown to reduce dental plague scores (Goultschin et al., 1989) and oxidatively
consume sulphur compounds which are responsible for oral malodour (Lynch et
al., 1997).

Certain compounds, while not liberating molecular oxygen, can raise the E;, of a
system. An example of such an agent is methylene blue (MB). In a small-scale
clinical trial (Wilson et al., 1992), subgingival irrigation with MB was found to
reduce the proportion of Gram-negative anaerobes and spirochaetes in
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subgingival plaque samples. A reduction in GCF flow was also observed. A
second clinical trial (Gibson et al., 1994), where MB was administered both by
subgingival irrigation and by incorporating the agent into a slow-release device
was carried out and the microbiological findings of this trial are presented in Ch
3.

1.8 Aims of thesis

By understanding more about the effect of environmental conditions on the
growth and virulence properties of periodontopathogenic bacteria and the
interactions of these organisms with host molecules, it might be possible to
design a treatment for periodontal disease based on the modification of the
environment in vivo with the aim of eliminating periodontopathogenic bacteria
from the periodontal pocket or attenuating their virulence.

The aims of this thesis were therefore:

i) To investigate the effect of altering the E;, of the environment on the survival
of P. gingivalis and F. nucleatum in vitro and to evaluate the efficacy of a
redox-modifying agent in the treatment of periodontal disease by studying
changes in the subgingival microflora.

ii) To study the effect of growth medium and incubation atmosphere on the
acid and alkaline phosphatase activities of A. actinomycetemcomitans.

iii) To investigate the interactions of A. actinomycetemcomitans and P.
gingivalis with cytokines.

Interactions to be studied,;

o effect of IL-1 and IL-6 on the growth of A. actinomycetemcomitans and P.
gingivalis

e degradation of IL-1p, IL-6 and IL-1ra by A. actinomycetemcomitans and P.
gingivalis

iv) To examine the protein and antigen profiles of surface-associated material
from A. actinomycetemcomitans grown under different conditions.

Growth conditions to be studied;

o growth in a COz-enriched aerobic atmosphere versus anaerobic growth

o biofilm versus planktonic mode of growth
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presence of serum

iron depletion

effect of nutrient-rich medium containing blood

To begin to identify the surface-associated and exported proteins of A.
actinomycetemcomitans using a plasmid-based phoA gene fusion system.
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Chapter 2
General methods

2.1 Maintenance of bacterial strains

Bacterial strains were maintained by weekly sub-culture on Wilkins-Chalgren
(WC) agar containing 5% (v/v) horse blood (Oxoid, Basingstoke, UK). Cultures
were incubated anaerobically at 37°C. For long term storage a loopful of the
organism was inoculated into 1 ml of WC broth containing 50% (v/v) glycerol
and 2% (w/v) sorbitol in 5 ml cryovials (Nalgene, Rotherwas, UK). The vials
were snap frozen in liquid nitrogen and placed at -70°C.

2.2 Culture media

2.2.1 Bacteroides medium (BM broth)

Per litre of distilled water:

Tryptone soya broth (10g), proteose peptone (10g), yeast extract (5g), NaCl
(5g), cysteine-HCI (0.75g).

The pH of the medium was adjusted to 7.4 and then autoclaved at 121°C for 15
mins.

Immediately prior to use a hemin and menadione supplement was added to the

medium to give final concentrations of 5 ug/ml and 0.5 pg/ml respectively.

2.2.1.1 Hemin and menadione supplement

50 mg of hemin was dissolved in 1 mi of 1 M NaOH, made up to 100 mi with
dH-0 and autoclaved. When cool, 1 ml of a filter sterilised solution of menadione
(5 mg/ml in ethanol) was then added to give a stock solution containing 0.5
mg/ml hemin and 0.05 mg/mi menadione. The stock solution was stored in the
dark at 4°C.

2.2.2 Semi-defined medium for A. actinomycetemcomitans

The semi-defined medium for the growth of A. actinomycetemcomitans was
based on that of Ohta et al. (1989).

Per litre of distilled water:
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Na;SO4 (0.5g), KH,PO4 (0.2g), MgCl-6H,0 (0.4g), NaCl (1.2g), NH4CI (0.3g), KCI
(0.3g), CaCl; (0.11g), yeast extract (2.0g), Tris (6.059).

1 ml of a trace element solution was added per litre of medium. The pH of the
medium was adjusted to 7.3 prior to autoclaving at 121°C for 15 mins. A
separately autoclaved solution of glucose was then aseptically added to the
medium to give-a final concentration of 1.8 g/l.

2.2.2.1 Trace element solution

Per litre of distilled water:

EDTA (1.0g), FeSO47H,0 (2.5g), ZnSO47H.0 (0.2g), MnCl,-4H,0 (0.5g), H3BO3
(0.05g), CoCl,-6H.O (0.15g), CuSO45HO (0.15g), NiCl6HO (0.025g),
(NH4)sM07024-4H,0 (0.1g), NaWO42H20 (0.05g), Na,SeO3-5H,0 (0.05g).

2.3 Buffers

2.3.1 Physiological saline
Per litre of distilled water:
NaCl (8.59).

2.3.2 Phosphate buffered saline
Per litre of distilled water:
NaCl (8g), KCI (0.2g) Na;HPO, (1.15g), KH,PO, (0.2g).

2. 4 Viable counting technique

Serial 1:10 dilutions of the sample were prepared in WC broth and 20 pl of each
dilution was then dropped onto the surface of WC agar plates in duplicate using
specially calibrated 50 dropper pipettes (Bilbate Ltd., Daventry, UK). The drops
were spread over the surface of the agar using a sterile glass spreader. Plates

were incubated anaerobically at 37°C for 4 - 7 days and the colonies counted.

2.5 Determination of protein content of whole bacterial cells

Total protein content was determined by the enhanced alkaline copper protein
assay of Lowry et al., (1951) adapted for the assay of whole microorganisms. The
method is based on the Biuret reaction of proteins with copper under alkaline
conditions and the Folin-Ciocalteau phosphomolybdic-phosphotungstic acid
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reduction to heteropolymolybdenum blue by the copper-catalysed oxidation of
aromatic amino acids (primarily tyrosine and tryptophan). The reaction results in a
blue colour which can be measured spectrophotometrically at 750 nm.

Reagent 1: 0.5% Na,CO3

Reagent 2: 1% sodium potassium tartrate containing 0.5% CuSQO4-5H,0
Reagent 3. Immediately prior to use, 2 ml of reagent 2 was added to 50 ml
reagent 1

Briefly 0.5 ml of 1.0 M NaOH was added to 0.5 ml of bacterial cell suspension in a
glass test tube. Samples were boiled for 5 mins (to lyse the bacterial cells),
allowed to cool and then 2.5 ml of Reagent 3 was added. After 10 mins at room
temperature, 0.5 ml of 0.5x Folin-Ciocalteau reagent (Sigma, Poole, UK) was
added and mixed immediately. Samples were left to stand for 30 mins to allow
colour development and the absorbance at 750 nm was then measured. Bovine

serum albumin (BSA, 0 - 200 ug/ml) was used as a standard.

2.6 Extraction of surface-associated material (SAM) from bacteria

Harvested bacteria were resuspended in cold, 0.85% sterile saline (1 g wet weight
bacteria per 100 ml saline) and rotated gently at 4°C for 1 h. The suspension was
centrifuged (3000 g, 20 mins) and the supernatant removed and kept at 4°C. The
pellet was resuspended in fresh saline and the extraction procedure was repeated
twice more. The supernatants were pooled, filtered through a 0.22 pm
polytetrafluoroethylene (PTFE) filter, dialysed extensively against dH.0 for 5 days
at 4°C using Spectrapor dialysis tubing with a 3.5 kDa cut-off (Medicell
International Ltd., London, UK), and then lyophilised.

2.7 Determination of the protein content of SAM

The protein content of the SAM preparations was determined using the DC protein
assay kit (Bio-Rad, Hemel Hempstead, UK). This assay is based on the method
of Lowry et al., (1951) but has been modified to save time and to minimise the
volume of sample required. Briefly, 20 ul of each sample was dispensed into a 96
well microtitre plate. BSA standards ranging from 0.0 - 1.0 mg/ml were also
included. 10 pl of reagent A was added and the plates were incubated at room

temperature for 10 mins. 80 pl of reagent B was then added and the plates were
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incubated at 37°C for 15 mins before measuring the absorbance at 650 nm using
a Titertek plate reader.

2.8 Determination of the carbohydrate content of SAM

The carbohydrate content of the SAM preparations was determined using the
method of Dubois et al. (1956). Briefly, 0.5 ml of 5% w/v phenol was added to 0.5
ml of sample in clean glass test tubes. Glucose standards ranging from 0 - 100
ug/ml were also included. Concentrated sulphuric acid (2.5 mi) was then added to
each tube and vortexed immediately. Tubes were allowed to stand for 10 mins
and were then placed in a water bath at 25 - 30°C for 15 mins. The absorbance of

each sample was measured at 490 nm.

2.9 Determination of the endotoxin content of SAM

The endotoxin content of the SAM preparations was determined using the
Pyrotell® Limulus amebocyte lysate assay (Associates of Cape Cod, Liverpool,
UK). The principle of the assay is the ability of endotoxin to cause clotting of blood
cells (amebocytes) from the horseshoe crab, Limulus polyphemus.

10 pl of lysate was spotted onto the inside of the lid from a tissue culture grade 96
well microtitre plate (Sarstedt, Leicester, UK). An equal volume of ten-fold dilutions
of the test sample (ranging from 20 pg - 20 ug of SAM per ml) was pipetted
directly into the lysate. Endotoxin standards ranging from 0.0075 - 1.00
International Unit (IU)/ml were included as a means of validating the assay. The lid
was covered and placed at 37°C for 1 h taking care not to agitate the lid and thus
disturb gel formation. Following incubation, a small drop of 0.2% methylene blue in
70% ethanol was placed onto the surface of each spot. A negative result was
indicated by the formation of a homogenous blue drop. A positive result (where
gelation had occurred) was indicated by the exclusion of the dye from the spot
resulting in the dye remaining on the surface (a blue star was often observed on
the surface of positive spots). The assay was considered valid only if the lysate
sensitivity was within one two-fold dilution of the label claim.
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210 One-dimensional sodium-dodecyl-polyacrylamide gel electrophoresis
(SDS-PAGE)

SDS-PAGE was carried out according to the method of Laemmli (1970). This is a
discontinuous system consisting of 2 contiguous, but distinct gels; a resolving or
separating (lower) gel and a stacking (upper) gel. The two gels are cast with
different porosities, pH and ionic strength. The stacking gel serves to concentrate
the proteins whilst the resolving gel separates the proteins according to their
molecular mass. When an electric current is applied, the proteins are driven into
the gel. Glycinate ions from the electrode buffer follow the proteins into the
stacking gel and a moving boundary region is rapidly formed with the highly
mobile chloride ions at the front and the relatively slow glycinate ions at the rear. A
localised high-voltage gradient forms between the leading and trailing ion fronts
causing the SDS-polypeptide complexes to concentrate into a thin zone or stack.
As proteins migrate into the resolving gel, molecular sieving operates causing the
SDS-polypeptide complexes to separate on the basis of their molecular weight.
SDS-PAGE was carried out using the Mini-PROTEAN®1I cell (Bio-Rad).

Reagents required:

1.5 M Tris-HCI, pH 8.8

0.5 M Tris-HCI, pH 6.8

30% acrylamide stock solution (29.2% acrylamide, 0.8% bisacrylamide)
electrode buffer ( 0.025 M Tris, 0.192 M glycine, 0.1% SDS, pH 8.3)

The composition of the gels were as follows:
Lower resolving gel

12 - 15% acrylamide, depending on pore size required

0.375 M Tris-HCI, pH 8.8

0.1% SDS
Polymerisation was induced by the addition of 100 ul of freshly prepared 10%
ammonium persulphate (APS) and 10 pul of N,N,N',N’, -tetramethylethylenediamide
(TEMED) per 10 mi of gel solution.
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Upper stacking gel

4% acrylamide

0.125 M Tris-HCI, pH 6.8

0.1% SDS
Polymerisation was induced by the addition of 50 ul of 10% APS and 10 pl of
TEMED per 10 ml of gel solution.
Samples were mixed (1:1) with reducing sample buffer (Sigma) consisting of
0.06M Tris-HCI, pH 6.8, 2% SDS, 10% glycerol, 5% 2-mercaptoethanol and
0.25% bromophenol blue and then boiled for 5 mins prior to loading onto the gel.
SDS-binding imparts a strong negative charge to the protein, dominating over its
native charge. Thus, the charge to mass ratio becomes constant for most proteins
and, under an electric field, the proteins separate according to their molecular
mass.
Electrophoresis was carried out at a constant current of 30 mA per gel until
stacking was complete, and then at 15 mA per gel until the bromophenol tracking
dye had reached the bottom of the gel.

2.11 Two-dimensional electrophoresis

The method used for two-dimensional electrophoresis is based on that of O’Farrell
(1975). In the first dimension proteins are separated across a pH gradient
according to their isoelectric point (isoelectric focusing, IEF). The net charge on
any protein, is the sum of positive and negative charges on amino acid residues
as well as side groups such as carbohydrates, phosphates and sulphates, and is
dependent on the pH of the surrounding environment. At one specific pH, a
protein will have no net charge (i.e. the molecule has an equal number of positive
and negative charges). This pH value is referred to as the isoelectric point (pl) for
that protein. A pH gradient for IEF can be generated using carrier ampholytes
incorporated into a gel matrix. Ampholytes are composed of isomers and
homologues of aliphatic polyaminopolycarboxylic acids with pl values covering a
pre-selected range. When an electric current is applied, ampholytes migrate
through the gel and a pH gradient is established. A protein which is initially in a pH
region below its pl will have a net positive charge and will move towards the
cathode. Conversely, a protein which is in a pH region above its pl will have a net
negative charge and will move towards the anode. A protein will continue to
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migrate along the pH gradient until it reaches the pH where its net charge drops to
zero at which point the protein is said to be ‘focused'.

Proteins are then separated in the second dimension according to their molecular
size by PAGE.

Two-dimensional electrophoresis was carried out using the PROTEAN® 11 xi cell
(Bio-Rad).

2.11.1 First dimension
2.11.1.1 Casting of IEF tube gels
The composition of the IEF tube gel monomer was as follows:

5.5 g urea

1.5 ml 30% acrylamide/bisacrylamide stock solution

0.1 ml Bio-Lyte 5-7 ampholyte

0.4 ml Bio-Lyte 3-10 ampholyte

3 ml dH0
After the components had dissolved, 0.5 ml of a detergent solution (0.3 g CHAPS
and 0.1 ml Nonidet P-40 dissolved in 0.9 ml dH,O) was added and the total
volume made up to 10 ml with dH2O.
The monomer solution was then degassed thoroughly for 30 mins and
polymerisation was induced by the addition of 10 ul of TEMED and 20 pl of 10%
(w/v) APS. The monomer solution was dispensed into disposable glass test tubes
and was drawn up into the capillary tubes (1.5 mm diameter) to a height of 13.5
cm by means of a syringe attached to the capillary tube by a short length of
silicone tubing.

2.11.1.2 Sample preparation for IEF

SAM was dissolved in sample buffer (1% SDS, 0.232% dithiothreitol) to give a
final protein concentration of 5 mg/ml. 100 pl of each SAM solution were boiled for
5 mins and allowed to cool. Once cool, 1/10 of the sample volume of iso-urea
solution (0.1 g dithiothreitol, 0.2 g CHAPS, 5.4 g urea, 500 ul Bio-Lyte 3-10
ampholyte dissolved in 6.05 ml dH,0) was added.
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2.11.1.3 First dimension electrophoresis

40 pl of each sample (i.e. 200 ug of protein) was applied to the top of the tube gel
using a Hamilton syringe. Samples were carefully overlaid with upper chamber
running electrolyte (20 mM NaOH). The lower chamber electrolyte consisted of 10
mM H3PO4. IEF was carried out at 200 V constant voltage for 2 h, 500 V constant
voltage for a further 2 h and finally 800 V constant voltage for 18 h. Once
electrophoresis was complete, the tube gels were placed immediately at -20°C
until required.

2.11.2 Second dimension electrophoresis
2.11.2.1 Casting of slab gels
The composition of the gels were as follows:
Lower resolving gel

13% acrylamide

0.4 M Tris-HCI, pH 8.8
Polymerisation was induced by the addition of 250 ul of 10% APS (freshly
prepared) and 25 nl of TEMED per 100 ml of gel solution.
Upper stacking gel

4% acrylamide

0.125 M Tris-HCI, pH 6.8

0.1% SDS
Polymerisation was induced by the addition of 50 ul of 10% APS and 10 pl of
TEMED per 10 ml of gel solution.
The electrode buffer consisted of 0.05 M Tris, 0.38 M glycine, 0.1% SDS, pH 8.3.
Tube gels were removed from -20°C and allowed to defrost. The tube gel was
extruded onto a plastic sheet and 150 pl of transfer buffer (0.07M Tris-HCI, pH 8.8,
2.9% SDS) was dispensed along the length of the gel. The tube gel was
immediately applied to the top of the slab gel ensuring perfect contact between the
two gels. Electrophoresis was carried out (35 mA constant current per gel, 3.5 h)
until the dye front of the molecular weight markers had reached the bottom of the
gel.
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212 Staining of 1-D and 2-D gels
Gels were stained with Brilliant blue G - Colloidal (Sigma) or silver-stained using a
commercially available kit (Pierce, Chester, UK).

2.13 Western immunoblotting

Following 1-D SDS-PAGE or 2-D electrophoresis, proteins were transferred on
to Immobilon-P polyvinylidene difluoride (PVDF) membrane (Millipore, Watford,
UK) by electroblotting overnight in blotting buffer (25 mM Tris, 190 mM glycine,
20% (v/v) methanol) at a constant voltage of 15 V using a TE Series Transphor
Electrophoresis Unit (Hoefer Scientific Instruments) for the small 1-D gels or a
Trans-Blot electrophoresis tank (Bio-Rad) for the large 2-D gels. Following
electroblotting the membranes were washed in phosphate buffered saline (PBS)
containing 1% Triton-X-100 for 5 mins and PBS containing 0.1% Triton-X-100
for 25 mins. The membranes were then transferred to blocking buffer (2% FCS
or 5% skimmed milk powder in PBS-0.1% Triton-X-100) for 45 mins. The
blocking buffer was removed and the primary antibody, diluted as appropriate in
blocking buffer, was added and incubated at room temperature for 1 h. The
membranes were then washed thoroughly in PBS-0.1% Triton-X-100 for 30
mins, changing the wash buffer at least 6 times. After washing, the secondary
antibody, conjugated to horse-radish peroxidase (HRP) diluted 1:1000 in
blocking buffer was added and incubated at room temperature for 1 h. The
membranes were again washed and the peroxidase substrate 3,3-
diaminobenzidine tetrahydrochloride (0.67 mg/ml DAB in buffer containing 0.67
mg/ml urea hydrogen peroxide, Sigma FAST tablets) was added. The reaction
was terminated by washing the membranes in dH,0.

2.14 Determination of the molecular weight (MW) of proteins

The MW of proteins was determined by reference to a standard curve of the log
of the MW of each protein standard plotted against its respective Rf value
where Rf = distance between top of gel and leading edge of band or spot

distance between top of gel and dye front
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Chapter 3
Effect of methylene blue, a redox agent,
on periodontopathogenic bacteria;

in vitro and in vivo studies

3.1 Introduction

The characteristic lesion of periodontal disease is the periodontal pocket, formed
by the detachment of the junctional epithelium from the tooth root surface. The
microenvironment of the periodontal pocket is highly anaerobic, with a low oxygen
tension (Mettraux et al.,, 1983) and a low redox potential (E;) (Kenney and Ash,
1969). Many anaerobic bacteria are highly sensitive to the presence of oxygen
(Morris, 1980; Loesche, 1969) and are also dependent on a low E;, for growth
(Gottschalk and Peinemann, 1992; Socransky et al., 1964). The periodontal
pocket therefore provides an ideal environment for these bacteria and a highly
complex flora develops. A number of Gram-negative obligately anaerobic bacteria
including Por. gingivalis, Prev. intermedia, F. nucleatum and various spirochaetes
have been specifically implicated in the aetiology of chronic periodontitis
(Socransky and Haffajee, 1992). The products of these organisms are thought to
contribute to the tissue damage and bone loss characteristic of the disease (Holt
and Bramanti, 1991). Treatment of periodontal disease involves the mechanical
removal of subgingival plaque. Increasingly this procedure is supplemented by the
application of antibiotics and antiseptics to the periodontal pocket (Slots and
Rams, 1990). An alternative approach to controlling the microbial population
would be to alter the environment to such an extent that organisms were no longer
able to survive. Several studies have investigated the effect of exposing the
anaerobic microflora of the periodontal pocket to molecular oxygen or oxygenating
agents (Chasens, 1978). However, few have involved the addition of an oxidising
agent to the periodontal pocket, which, without producing O, would also cause an
increase in E, and hence oxidation of the pocket contents.

The E;, of the healthy gingival crevice is in the region of +74 mV (Kenney and Ash,
1969), whereas in the periodontal pocket E,, values as low as -300 mV have been
recorded (Marsh and Martin, 1992). The E, of the redox agent used in this study,
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methylene blue (MB), when it is fully oxidised is +71 mV (Jacob, 1970). By adding
MB to the periodontal pocket it may be possible to raise the E;, to a level which is
incompatible with the survival of the anaerobic microflora.

3.2 Aims

The objectives of this study were to:

i) determine whether MB, by altering the E;, could affect the survival of the
anaerobic periodontopathogens P. gingivalis and F. nucleatum in vitro

ii) investigate whether the reducing agent dithiothreitol could negate the effect of
MB

iii) evaluate the use of MB in the treatment of chronic inflammatory periodontal
disease

3.3 In vitro studies

3.3.1 Materials and methods

3.3.1.1 Effect of MB and dithiothreitol on the E, of pre-reduced culture
medium

Aliquots of sterile BM broth were incubated in an anaerobic jar for 24 h at 37°C.
MB (The Boots Company Pic., Nottingham, UK) was added to give final
concentrations ranging from 0.0 - 1.0 mg/ml. An equal volume of dH;O was added
in place of MB to controls. MB and dithiothreitol were added in combination to pre-
reduced BM broth to give final concentrations of 1.0 mg/ml and 2.0 mg/mil
respectively. Controls contained MB only, dithiothreitol only or neither. Samples
were incubated in an anaerobic jar at 37°C and the E; was determined at 0, 24
and 48 h using a combination redox cell with a platinum measuring electrode and
a Ag/AgCil reference electrode (Russel pH Ltd., Auchtermuchty, UK) taking care to
avoid agitation, which would have caused aeration of the sample. The pH of all
samples was measured immediately after E,, determination.

3.3.1.2 Effect of MB on the survival of suspensions of P. gingivalis and F.
nucleatum

Suspensions of P. gingivalis W50 and F. nucleatum NCTC 10562 were prepared
in pre-reduced BM broth using bacteria harvested from 72 h WC agar plates. The
suspensions were aliquoted into sterile test tubes and MB was added to give final
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concentrations of 0.0 - 1.0 mg/ml. An equal volume of dH,O was added in place of
MB to controls. The samples were incubated in an anaerobic jar at 37°C. Viable
counts and measurements of E;, and pH were carried out at 0, 24 and 48 h.

3.3.1.3 Effect of MB on the survival of suspensions of P. gingivalis and F.
nucleatum in the presence of dithiothreitol

MB was added together with dithiothreitol to suspensions of P. gingivalis or F.
nucleatum to give final concentrations of 1.0 mg/mi and 2.0 mg/ml respectively.
Controls contained MB only, dithiothreitol only or neither. The samples were
incubated in an anaerobic jar at 37°C, and viable counts and measurements of E;,
and pH were carried out at 0, 24 and 48 h.

3.3.1.4 Effect of MB on the survival of 48 h broth cultures of P. gingivalis and
F. nucleatum

Pre-reduced BM broth was inoculated with P. gingivalis or F. nucleatum and
incubated anaerobically at 37°C for 48 h. Serial dilutions of this 48 h culture were
prepared in pre-reduced BM broth and MB was added to give a final concentration
of 1.0 mg/ml. An equal volume of dH,O was added to controls in place of MB.
Cultures were removed for viable counting and measurement of E;, and pH after O,
24 and 48 h anaerobic incubation.

3.3.1.5 Oxidation of NADH by MB

100 pl of MB solution (prepared in dH,0) was added to 900 pl of 0.2 mg/ml NADH
(prepared in 0.05 M Tris-HCI, pH 7.0) in a cuvette to give final concentrations of
MB of 0.0, 0.1, 1.0 and 10.0 pg/ml. Samples were incubated aerobically at 37°C
and the absorbance at 340 nm was measured at t = 0, 15, 30, 45 and 60 mins
against an appropriate blank.

The experiment was repeated under anaerobic conditions with MB at a final
concentration of 10 pug/ml. All solutions were pre-reduced for 24 h beforehand and
the experiment was carried out entirely in an anaerobic cabinet (Don Whitley
Scientific, Shipley, UK). Cuvettes were carefully sealed using Blu-Tack before
removing them from the anaerobic chamber for spectrophotometric
measurements.
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3.3.2 Results

3.3.2.1 Effect of MB and dithiothreitol on the E, of pre-reduced culture
medium

The Ej, of pre-reduced BM broth was -288 + 4 mV. While addition of water to pre-
reduced broth raised the Ey, to -207 + 3 mV, addition of MB resulted in a greater
increase of the E, to -173 £ 7 mV, -159 + 6 mV and -154 + 3 mV for 0.01, 0.1 and
1.0 mg/ml MB respectively (Fig. 3.1). Following incubation in an anaerobic
environment for 48 h, the E;, of broth containing 1.0 mg/ml MB was considerably
higher (-171 £ 8 mV) than that of the dye-free control (295 + 7 mV),
demonstrating the ability of MB to poise the En. MB at a concentration of 0.1
mg/ml also displayed a redox-poising capacity, although the effect was less than
for 1.0 mg/ml MB.

MB had no significant effect on the pH of BM broth; at a concentration of 1.0
mg/ml, the pH was 6.59 + 0.01, whereas the pH of dye-free broth was 6.63 + 0.09.
Following 48 h anaerobic incubation, the E;, of BM broth containing 2.0 mg/ml
dithiothreitol was -386 + 8 mV. The E;, of broth containing 1.0 mg/ml MB at this
time was -154 + 14 mV. However when MB at 1.0 mg/ml was added in
combination with dithiothreitol at 2.0 mg/ml, the E, of the broth after 48 h
anaerobic incubation was similar (-349 + 18 mV) to that of the overall controls
(-306 £ 15 mV) containing neither MB or dithiothreitol (Fig. 3.2). Thus dithiothreitol
was able to counteract the redox-poising ability of MB.
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3.3.2.2 Effect of MB on the survival of suspensions of P. gingivalis and F.
nucleatum

MB at a final concentration of 1.0 mg/ml poised the E;, of suspensions of P.
gingivalis at a level which was approximately 200 mV higher than that of control
dye-free suspensions. After 24 h anaerobic incubation, the E; of suspensions
containing 1.0 mg/ml MB was -150 mV compared to -359 mV for controls. This
was accompanied by a reduction in the viable count of P. gingivalis from 28.75 x
107 + 4.60 x 107 cfu/ml at t = 0 h to undetectable levels (< 500 cfu/ml) within 24 h
(Fig. 3.3a). Lower concentrations of MB were unable to poise the E; at a higher
level and after 24 h anaerobic incubation the E;, of suspensions containing 0.01
and 0.1 mg/ml MB were -331 mV and -320 mV respectively. There were no
significant differences in the viable counts of the P. gingivalis suspensions
containing 0.01 and 0.1 mg/ml MB compared to the dye-free controls.

A similar pattern of results was obtained for suspensions of F. nucleatum. After 24
h anaerobic incubation the E, of suspensions of F. nucleatum containing 1.0
mg/ml MB was -123 mV compared to -317 mV for the dye-free controls. A
corresponding reduction in the viable count of the suspensions from 25.88 x 108 +
1.25 x 10° cfu/ml at t = 0 h, to undetectable levels (<500 cfu/ml) within 24 h was
observed (Fig. 3.3b). MB at concentrations of 0.01 and 0.1 mg/ml was ineffective
in reducing the viability of the F. nucleatum suspensions, and after 24 h anaerobic
incubation the viable counts and Ej;, values were similar to that of the controls.
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3.3.2.3 Effect of MB on the survival of suspensions of P. gingivalis and F.
nucleatum in the presence of dithiothreitol

Dithiothreitol at a concentration of 2.0 mg/ml had no adverse effect on the viability
of P. gingivalis. The viable count of suspensions containing dithiothreitol was
19.69 x 10° £ 2.37 x 10° after 24 h anaerobic incubation compared to the overall
control which was 60.16 x 10% + 2.81 x 10° at this time (Fig. 3.4a). Dithiothreitol
caused an immediate decrease in the Ey, of P. gingivalis suspensions to -367 mV
at t = 0 h. As before, MB by itself at 1.0 mg/ml poised the En of P. gingivalis
suspensions at a level approximately 200 mV higher than that of the overall
controls, -142 mV compared to -348 mV. This was accompanied by complete
killing of the P. gingivalis suspension which contained 47.50 x 10° + 3.54 x 10°
cfu/ml at t = 0 h. However, when MB and dithiothreitol were added in combination
to suspensions of P. gingivalis to give final concentrations of 1.0 mg/ml and 2.0
mg/ml respectively, the E;, after 24 h anaerobic incubation had decreased to -327
mV which was similar to that of the overall control at this time (-348 mV). In the
presence of dithiothreitol, MB at 1.0 mg/ml had no adverse effect on the survival of
P. gingivalis, and indeed the organism was able to multiply.

Similar results were obtained for F. nucleatum (Fig. 3.4b) Dithiothreitol at 2.0
mg/ml counteracted the E,, poising effect of 1.0 mg/ml MB and the viable count
and Ej, values for these suspensions were similar (10.25 x 10® + 7.12 x 108, -328
mV) after 24 h anaerobic incubation to that of the overall controls (33.10 x 10% +
3.70 x 108, -344 mV).
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3.3.2.4 Effect of MB on the survival of 48 h broth cultures of P. gingivalis and
F. nucleatum

Fig. 3.5a shows the effect of MB at 1.0 mg/ml on serial dilutions of a 48 h broth
culture of P. gingivalis. At this concentration MB had no significant effect on the
viability of the undiluted culture of the organism, and the viable count and E,
values of MB containing cultures at t = 48 h were similar (18.80 x 107 + 2.82 x 107,
-339 mV) to that of the dye-free controls (39.35 x 10" + 6.25 x 107, -363 mV).
However, when the culture was diluted 1/10 and 1/100, MB at 1.0 mg/ml caused a
reduction in the viable count from 7.88 x 10® + 2.14 x 10%and 7.88 x 10" + 2.14 x
107 for the 1/10 dilution and the 1/100 dilution respectively, to undetectable levels
within 48 h. The viable counts for the corresponding controls were 28.43 x 107 +
4.90 x 10" and 88.83 x 107 + 2.94 x 10”. MB at 1.0 mg/ml was able to poise the E,
of the 1/10 and the 1/100 dilutions of the culture at a level significantly higher (-146
mV and -134 mV respectively) than that of the corresponding dye-free controls
(-357 mV and -286 mV).

The effect of MB at 1.0 mg/ml on serial dilutions of a 48 h broth culture of F.
nucleatum is shown in Fig. 3.5b. At this concentration MB was only effective
against a 1/100 dilution of the culture. MB caused a reduction in the viable count
of the 1/100 dilution from 19.4 x 10° + 4.4 x 10° to undetectable levels after 48 h
anaerobic incubation. The E, of the 1/100 dilution containing MB after 48 h
anaerobic incubation was -127 mV compared to -299 mV for the dye-free control.
MB at 1.0 mg/ml was not effective against an undiluted culture of F. nucleatum
and a 1/10 dilution of this culture. After 48 h anaerobic incubation, viable counts of
the cultures were similar to that of the respective dye-free controls. The Ep values
of these cultures after 48 h anaerobic incubation were also similar, -322 mV for
the undiluted culture plus MB and -314 mV for the 1/10 dilution plus MB,
compared to -296 mV and -286 mV for the respective controls. In these cultures
MB was completely reduced. For the neat, undiluted culture, reduction of the dye
occurred very rapidly and the Ej, values at t = 0 h were the same as those of the
controls.
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3.3.2.5 Oxidation of NADH by MB

In an aerobic environment, MB at 10 pg/ml caused oxidation of NADH, and a
decrease in the absorbance at 340 nm with time was observed (Fig. 3.6a).
Under anaerobic conditions, MB at 10 pg/ml caused no detectable oxidation of
NADH (Fig. 3.6b). MB itself was rapidly reduced and samples were colourless
within 15 mins of addition of the dye. Scanning spectrophotometry revealed that
at the end of the incubation period, whilst a large peak at 663 nm (absorption
maximum for MB) could be observed in the aerobically incubated samples, the
corresponding peak in the anaerobically incubated samples was absent (data

not shown).

72



L-%# L ,0# # L /-%# K=0%# L .- %#
382 % 16 %

L - # L ,0 % # L /- #

382 §% /16 %



3.4 In vivo studies - evaluation of the efficacy of MB in the treatment of
chronic periodontitis

3.4.1 Materials and methods

A 3-month randomised single blind clinical trial was undertaken, using a quadrant
split-mouth design in order to determine the efficacy of MB in the treatment of
chronic periodontitis compared to traditional methods of subgingival root surface
debridement.

3.4.1.1 Personnel involved in the clinical trial
M. Gibson - clinician

D. Mangat - clinician

G. Gagliano - darkground microscopy

J. Bulman - statistical analysis

J. Fletcher - microbiological monitoring

3.4.1.2 Patient selection

24 adult patients, 10 male and 14 female, aged 35 - 55 years (mean 42.7 £ 6.4)
were admitted to the trial. Selection criteria were as follows:

1. The presence of at least one true interdental periodontal pocket 2 6mm, with
radiographic evidence of bone loss, in each of the 4 quadrants.

2. No history of any periodontal therapy in the preceding 6 months.

3. No use of antibiotics or oral antiseptics during the previous 6 months.

4. No systemic condition which may influence the course of the disease.

5. Ability to attend at regular intervals.

3.4.1.3 Treatment modalities

Following baseline recordings of clinical and microbiological parameters, one of
four treatments was randomly assigned to each quadrant.

1. Irrigation with sterile water.

2. Irrigation with sterile 1% MB (Macarthy Medical, Romford, UK).

3. 33% (w/w) MB incorporated in a biocompatible and biodegradable collagen
alginate vicryl composite controlled-release carrier (Johnson and Johnson Medical
Biopolymers Ltd., Stirling, UK).
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4. Subgingival debridement, under local anaesthesia, using a combination of
ultrasonic (Cavitron) and conventional hand instrumentation.

Initial irrigation was carried out professionally, and subsequently on a daily basis
by the patient, using a 2.5 ml syringe fitted with a 0.5 mm tip diameter blunt ended
needle (Luer-Lock Hub, Stram Dental Inc., lllinois, USA) for a period of 4 weeks.
The needle was pre-bent, the tip placed subgingivally and fluid injected to fill the
pocket until just visible at the gingival margin. The sustained-release device which
consisted of pre-sterilised strips, 10 mm x 2 mm, was packed into the pocket using
a pushscaler until just visible at the gingival margin.

3.4.1.4 Efficacy variables

The following clinical and microbiological variables were measured on day O
(baseline) and then at 1, 4, 8 and 12 weeks following treatment:

1. Plague index (Silness and Lée, 1964).

2. Gingival index (Lée and Silness, 1963).

3. Probeable pocket depth.

4. Bleeding on probing using the criteria of the Papilla Bleeding Index (Saxer and
Mihlemann, 1975, cited by Rateitschak et al., 1985).

5. Bacteriological sampling.

3.4.1.5 Bacteriological sampling

Supragingival plaque was removed and 2 sterile endodontic paper points were
introduced into each pocket until they had reached an apical limit. The paper
points were left in situ for 15 secs and then transferred immediately to pre-reduced
sterile saline. The sample was vortexed for 1 min and serial 10-fold dilutions were
prepared in pre-reduced brain heart infusion broth (Oxoid). Duplicate aliquots of
20 pl of each dilution were spread over the surface of WC agar plates containing
10% (v/v) horse blood. One set of plates was incubated anaerobically at 37°C in
order to determine the total number of obligate and facultative anaerobes (total
anaerobic count). An additional set of WC plates was incubated in a CO2-enriched
atmosphere (generated by placing a lit candle inside an air-tight container) at 37°C
in order to determine the total number of aerobes and facultative anaerobes (total
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aerobic count). Plates were incubated for up to 14 days and the colonies were
counted after 7 and 14 days using a low-power binocular microscope. Black-
pigmented colonies obtained on plates incubated anaerobically were also counted
and the colonies were then subcultured and tested for their ability to grow under
aerobic conditions. Those that did not grow under aerobic conditions were
designated black-pigmented anaerobes (bpa).

3.4.1.6 Statistical analysis

Aerobe/anaerobe log ratios were analysed using a one-way ANOVA supported,
where appropriate by the Students t-test. The percentage bpa was analysed using
the Kruskal-Wallis one-way ANOVA by rank for between-group comparisons and
the Friedman two-way ANOVA by ranks for within-group comparisons.
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3.4.2 Results

3.4.2.1 Effect of MB on the subgingival microflora of patients with chronic
periodontitis

The baseline aerobe/anaerobe ratio of the 4 treatment groups ranged from 0.10 to
0.15 (Fig. 3.7). Sites subjected to subgingival debridement showed a significant
increase in the aerobe/anaerobe ratio after 1 week and after 4 weeks the ratio had
increased to more than 3 times the baseline value (0.37 compared to 0.11).
Thereafter the ratio decreased, although the proportion of aerobic organisms at
week 12 was still higher than at baseline.

Sites which received MB in the slow release form showed the greatest increase in
the aerobe/anaerobe ratio. After 4 weeks the ratio had increased approximately 4-
fold from 0.12 (baseline) to 0.41.

Sites irrigated with MB also showed a marked increase in the aerobe/anaerobe
ratio and at week 4 the ratio was 3 times greater than the baseline level (0.33
compared to 0.11). After the cessation of MB irrigation (week 4), the ratio
decreased, although at week 12 the ratio was still considerably higher (0.27) than
at baseline.

The proportion of bpa at baseline ranged from 7 - 22% for the 4 treatment groups
(Fig. 3.8). Sites subjected to subgingival debridement or water irrigation showed
no significant decrease in the proportion of bpa during the course of the trial. In
contrast, sites which received MB irrigation showed a significant reduction after 4
and 8 weeks. The proportion of bpa remained at a low level following cessation of
treatment (week 4) and even after 12 weeks the %bpa was much lower than at
baseline.

Sites receiving MB in the slow-release form showed a progressive decrease in the
%bpa and by week 8 the difference was significantly lower than at baseline.
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3.5 Discussion

It has long been known that both a low concentration of O, and a low E;, (Hungate,
1969; Aranki et al., 1969) are important for the isolation and cultivation of strictly
anaerobic bacteria. The presence of O, will by its very nature, lead to an increase
in Ep. The question remains as to whether Ej, in the absence of O, has any effect
on the growth of anaerobic bacteria. Socransky et al. (1964) showed that even in
an O.-free environment Treponema microdentium could only grow in a narrow Ep,
range of between -185 and -220 mV. Other wdrkers suggest that it is the presence
of O,, causing an increased Ep, which is inhibitory to the growth of anaerobic
bacteria. Walden and Hentges (1975) demonstrated growth of Clostridium
perfringens under anaerobic conditions with an E;, of +325 mV maintained by the
addition of potassium ferricyanide, whilst no growth occurred in aerated cultures
with a low E; suggesting that O, was the detrimental factor. Hanke and Kaiz
(1943) however showed that it was possible to grow certain anaerobic bacteria in
a continuous current of air if the E;, was maintained at a sufficiently low level. in
these experiments the E;, was maintained electrolytically without the addition of
any chemical agents.

In vivo it is likely that there will be complex interactions between different bacterial
species. Bradshaw et al. (1996) demonstrated the survival and growth of strictly
anaerobic species in aerated mixed planktonic cultures. In the presence of the
aerobic species Neisseria subflava, the dissolved O, tension (dO;) of the mixed
culture was <5% of air saturation despite continuous aeration, and the E, was
-275 mV. In the absence of N. subflava, however, the dO, was 50 - 60% of air
saturation and the E, was +50 mV. Anaerobic species were able to survive and
multiply even under these relatively aerobic conditions and it was suggested that
clumps of bacteria resulting from specific coaggregations between different
species (as proposed by Kolenbrander and London, 1993) afforded protection to
anaerobic species against the toxic effects of O, and a high E;. In a more recent
study Bradshaw et al. (1998) showed that F. nucleatum was able to coaggregate
both oxygen-tolerant and other obligately anaerobic species and moreover, was
able to act as a bridge between otherwise non-coaggregating oxygen-tolerant-
obligate anaerobe pairs to form three-species aggregates. When F. nucleatum
was omitted from aerated mixed planktonic cultures, significant reductions in the
numbers of black-pigmented anaerobes (Por. gingivalis and Prev. intermedia)
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were observed, suggesting that the formation of metabolically organised
aggregates is essential for the survival of obligately anaerobic organisms in an
aerated environment.

Hungate (1969) stated that whilst agents such as potassium ferricyanide can be
used to induce a high E, independent of oxygen, and may interact with an E,
measuring electrode, this does not necessarily give an indication of whether the
agent is capable of affecting the intracellular environment and hence cell
metabolism. O'Brien et al. (1970) showed that another agent N,N,N,N-
tetramethylazoformamide (diamide) was capable of oxidizing flavin nucleotides
(FMNH. and FADH;) and also NADH and NADPH. If such an oxidizing agent
were able to gain access to a bacterial cell it would be likely to exert a detrimental
effect on biosynthetic pathways and energy generation.

The results of this study have shown that addition of MB to pre-reduced culture
medium to give a final concentration of 1.0 mg/ml poised the Ej;, at a level some
170 mV higher than that of controls to which distilled water had been added in
place of MB. This elevated E, was maintained for at least 48 hours in the oxygen-
free, highly reducing atmosphere of an anaerobic jar. When MB at a final
concentration of 1.0 mg/ml was added to suspensions of P. gingivalis or F.
nucleatum, the E;, was poised at a level higher than that of the controls and this
was associated with complete kiling of the organism. Addition of the reducing
agent dithiothreitol to a suspension of P. gingivalis or F. nucleatum containing MB
at 1.0 mg/ml enabled survival of the organism. This, together with the redox data,
suggests that killing of P. gingivalis and F. nucleatum by MB is due to some redox-
related mechanism.

Redox-modifying agents have a buffering capacity which is concentration-
dependent (Jacob, 1970). Thus at 1.0 mg/ml MB was able to poise the E; of
suspensions of P. gingivalis and F. nucleatum at a higher level compared to
controls. Lower concentrations of MB were unable to poise the E;, of P. gingivalis
or F. nucleatum suspensions in the highly reducing conditions of an anaerobic
atmosphere and the E;, decreased to control levels and the organism survived. In
addition, the ability of a redox agent to poise the E;, will depend on the capacity of
a system to counteract any change in E;. Suspensions of P. gingivalis and F.
nucleatumn containing dithiothreitol had a large reducing capacity which was able
to counteract the effect of the MB. Similarly, 48 h broth cultures of P. gingivalis
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and F. nucleatum were unaffected by high concentrations of MB. This was most
likely to have been due to a high reducing capacity as a result of the accumulation
of large amounts of reduced metabolites during the 48 h growth period.

The current investigation has shown that under aerobic conditions, MB at 10 ug/ml
was able to oxidise significant amounts of NADH. MB, in its oxidised form was
continually regenerated due to the presence of oxygen. Under anaerobic
conditions MB was rapidly consumed and converted to its reduced, colourless
form. This would have resulted, presumably, in a concomitant oxidation of NADH,
although the level of oxidation of NADH under anaerobic conditions was too low to
detect spectrophotometrically. It was not possible to use MB concentrations higher
than 10 pug/ml due to the interference of the intense blue colour of MB with the
absorbance at 340 nm. However, if an excess of MB was added to NADH under
anaerobic conditions (e.g. 1.0 mg/ml, the concentration required to Kill
suspensions of P. gingivalis and F. nucleatum) it might be expected that 100 times
more NADH would have been oxidised. It is known that MB is taken up by viable
bacterial cells (Tuite and Kelly, 1993). Thus MB may be acting intracellularly by
consuming reducing power in the form of NADH (and NADPH) which is required
for energy generation and biosynthesis. MB may also cause oxidation of
components of electron transport chains.

Another possibility is that MB may exert its effect by oxidising enzymes which are
only active in the reduced form. Sakurai et al. (1980) showed that the beta toxin
from C. perfringens could be inactivated by oxidising agents and that activity could
be restored by treatment with dithiothreitol. Toluidine blue O (a molecule which is
structurally related to MB and which shares a similar E,) has been shown to
decrease the proteolytic activity of P. gingivalis (M. Bhatti, personal
communication).

The results of this investigation have shown that MB poised the E;, of suspensions
of P. gingivalis and F. nucleatum at a higher level compared to controls in a highly
anaerobic environment and this was associated with the death of the organism.
However, MB at 1.0 mg/ml had a limited Ey, buffering capacity and was unable to
poise the E, of suspensions of P. gingivalis or F. nucleatum containing
dithiothreitol and 48 h broth cultures of these organisms due to the large reducing
capacity of these systems. The contents of the periodontal pocket would also
have a large reducing capacity due to the accumulation of reduced bacterial
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metabolites. It would therefore be necessary to add an excess of MB to the
periodontal pocket to overcome this reducing capacity.

MB was the redox agent of choice in the current study because of its low toxicity
for humans (it is used in the treatment of methaemoglobinaemia and urolithiasis)
and because promising results had been obtained in a small-scale, short-term
pilot study (Wilson et al., 1992). This preliminary study demonstrated significant
reductions in the proporton of anaerobes, Gram-negative anaerobes,
spirochaetes and motile organisms, and corresponding increases in the
proportions of facultative anaerobes and cocci at test sites (receiving MB
irrigation) compared to control sites (receiving water irrigation). In addition the
reduction in GCF flow was significantly greater at test sites compared to control
sites. Although reductions in pocket depth and bleeding on probing were
observed, differences between the two groups were not significant.

Similar results were observed for the current study. That is, whilst sites receiving
MB (MBI and MB/SR) showed a greater shift towards a microflora associated with
gingival health compared to sites receiving WI and SD, improvements in clinical
indices, although significant, were not generally significantly different between
treatment types.

At baseline, only a small proportion of subjects had gingival index scores of 0 or 1
(20 - 30%). This increased during the first 4 weeks to 45 - 60% with a decrease at
week 12, although gingivitis scores were still relatively improved, compared to
baseline, independent of treatment type. There was an overall decrease in mean
probing depth at all sites and again this was independent of treatment type.
Approximately 40% of all sites scored 0, 1 or 2 for bleeding at baseline implying
that the majority of sites were markedly inflamed initially. By the end of the trial 50
- 70% of sites had lower bleeding scores. Differences between treatments were
not statistically different.

There are a number of reasons why statistically significant differences between
treatment groups were not observed for clinical measurements. It might be
expected that there would be a delay between microbiological changes and
clinical changes and as the trial was relatively short in duration, only early
changes in clinical indices may have been detected. That the sustained-release
device did not yield the beneficial clinical results expected on the basis of the
microbiological data may have been due to a number of factors. The device may
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have interfered. with measurements of pocket depth and in addition, insertion of
the device may have caused some gingival trauma. Despite attempts to match
pockets at the outset, the MBI group had abnormally high initial numbers of bpa.
Thus improvements in clinical indices may have been harder to achieve in this
group compared to the other 3 groups.

The study showed improvements in all treatment groups including irrigation with
sterile water (albeit to a lesser extent than treatment with MB or subgingival
debridement). This is in accordance with other studies which have shown that
irrigation itself may have some benefit (Aziz-Ghandour ef al., 1986; Sanders et al.,
1986; Vignarajah et al., 1989; Schlagenhauf et al., 1987, 1990). It is likely that the
hydrodynamics of irrigation in combination with the syringe tip being inserted into
the subgingival plaque will have a detrimental effect on the plaque.

Treatment of periodontal disease with MB would appear to have a number of
advantages over subgingival debridement. At the end of the clinical trial a survey
was carried out to assess adverse effects of each treatment modality. Eight
patients receiving subgingival debridement reported hypersensitivity and pain.
Hypersensitivity and pain were not reported by any of the patients receiving MBI,
MB/SR or WI, although a small number of patients in these treatment groups did
report some discomfort and tenderness. Another advantage of MB therapy is the
time taken to administer the treatment. In this study the time taken for operator
irrigation with MB, including isolation of the site with cotton wool rolls, did not
exceed 1 min per tooth, whilst placement of the controlled release material took 2
- 3.5 mins depending on pocket depth and volume. This compares favourably with
the time taken for adequate subgingival debridement which varied between 4 - 8
mins per tooth.

These results clearly demonstrate that, in terms of altering the microflora to one
more compatible with periodontal health, treatment with MB (both as a subgingival
irrigant and in the form of a slow-release device) is comparable if not better to the
currently standard treatment of subgingival debridement. However, if MB were
used as an adjunct, as opposed to an alternative to subgingival debridement,
even greater improvements may be observed. In a more recent study by Ower et
al. (1995), MB was used in combination with subgingival debridement. All
experimental sites received subgingival debridement at day 0. Test sites received
32% MB (w/w) incorporated in a slow release device at days 0 and 28. Clinical
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improvements were observed in both groups, although test sites showed
consistently greater improvements, some of which were statistically significant.
Significant between-group differences in relation to baseline levels were seen in
bleeding index at days 7 and 56, in probeable pocket depth at day 56 and for the
Perioscan BANA test (a positive result in which has been shown to correlate with
the presence of one or more of the periodontopathogenic bacteria P. gingivalis, T.
denticola and B. forsythus) at day 7. MB, when used as an adjunct to subgingival
debridement, combines the advantages of removal from the root surface of
plaque-retaining factors and factors which inhibit the regeneration of the
periodontal ligament, with the advantages of an effective antimicrobial agent.
Antibiotics and antiseptics are increasingly being used in the treatment of
periodontal disease (Gordon and Walker, 1993; Smith et al., 1994; Needleman et
al., 1995; Seymour and Heasman, 1995). Whilst many of the studies show
promising results, there are disadvantages such as the emergence of resistant
strains (Lacroix and Walker, 1995; Listgarten et al., 1993) and side-effects
(Gordon and Walker, 1993; Slots and Rams, 1990) which argues against the long-
term use of such agents. The results of this study have shown that MB can
produce equivalent clinical and bacteriological improvements. One major
advantage of such environment-modifying agents is that resistance development
in the target organism would be extremely unlikely as this would have to involve
fundamental changes in the biochemistry and physiology of anaerobic bacteria.
MB was chosen as the redox-modifying agent for this study because of its known
safety for use in humans. However the E,, of MB in its fully oxidised state is only
+71 mV. Agents with a higher E, might be expected to exert a greater redox-
modifying effect and work is ongoing at the Eastman Dental Institute to develop
more potent redox-modifying agents for use in the treatment of periodontal
disease.
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Chapter 4
Effect of environmental factors on the phosphatase
activity of A. actinomycetemcomitans

4.1 Introduction

Acid (AcP) and alkaline (AIP) phosphatases are a group of enzymes which are
responsible for the hydrolysis of phosphate esters. Bacteria are relatively
impermeable to phosphate esters that are not actively transported and substrates
must be dephosphorylated before they can be taken up and metabolised by the
cell. AcP and AlPases have been demonstrated in dental plaque (Lo Storto et al.,
1992; Bercy and Vreven, 1979; Friskopp and Hammarstrém, 1982) and in GCF
(Frank and Cimasoni, 1972; Sueda and Cimasoni, 1968). A proportion of the
phosphatase activity in GCF is of bacterial origin and cytohistochemical studies of
dental plaque have demonstrated intramicrobial AcP and AIP activity.

Many oral bacteria including Actinomyces spp. (Howell and Fitzgerald, 1953)
Streptococcus mutans (Greenman and Melville, 1978), Capnocytophaga spp.
(Poirier and Holt, 1983a, b, c), T. denticola (Yotis et al., 1993; Norton Hughes and
Yotis, 1990) A. actinomycetemcomitans (Slots, 1982; Yotis, 1988) and Bacteroides
spp. (Slots, 1981; Laughon et al., 1982) have been shown to produce AcP and
AlPases. In addition to a role in nutrition, AcP and AlPases may have a potential
role in the pathogenesis of periodontal disease by dephosphorylating tissue
phosphoproteins (Poirier and Holt, 1983b) and by indirectly contributing to plaque

mineralisation (Bercy and Vreven, 1979).

4.2 Aim
The aim of this study was to determine the effect of growth medium and incubation
atmosphere on the production of AcP and AIP by A. actinomycetemcomitans.

4.3 Materials and methods

4.3.1 Effect of growth medium on AcP and AIP production by A.
actinomycetemcomitans

Three growth media were tested;
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i) a semi-defined medium (detailed in Ch 2), to represent nutrient-limited
conditions

i) WC broth, to represent nutrient-rich conditions

iii) heat-inactivated (56°C, 30 mins) foetal calf serum (FCS, Sigma), to mimic GCF

Media were inoculated with a dense, washed suspension of A.
actinomycetemcomitans NCTC 9710 and cultures were incubated anaerobically at
37°C. Samples were removed at the early stationary phase of growth (24 - 26 h)
and assayed for AcP and AIP activity using p-nitrophenyl phosphate (p-NPP) as a
substrate. The reaction mixture consisted of 0.45 ml 8 mM p-NPP and 0.45 ml of
0.2 M sodium acetate, pH 4.8 or 0.2 M glycine NaOH, pH 9.4. All reagents were
prepared in saline containing 0.01% (w/v) cysteine-HCI (Yotis, 1988). To start the
reaction 0.3 ml of whole culture was added and the samples were incubated
anaerobically at 37°C for 3 h. Controls contained uninoculated media. The reaction
was stopped by the addition of 0.3 ml of 2.5 M NaOH. Samples were centrifuged
for 10 mins to pellet the cells and the absorbance at 420 nm of the supernatant
was measured against an appropriate blank. The amount of p-nitrophenol (p-NP)
liberated was determined by reference to a standard curve. A known volume of the
whole culture was centrifuged and the pellet resuspended in dH20. The total
protein content of the suspension was determined by the method of Lowry et al.
(1951) adapted for the assay of whole microorganisms as described in Ch 2.

4.3.2 Effect of incubation atmosphere on AcP and AIP production by A.
actinomycetemcomitans

Semi-defined medium was inoculated with A. actinomycetemcomitans. Cultures
were incubated either anaerobically or in a COz-enriched aerobic atmosphere
generated by placing a lit candle in with the cultures in a sealed jar. Samples were
removed at the early stationary phase of growth (24 - 26 h) and assayed for AcP
and AIP activity as described above. Reaction mixtures were incubated either
anaerobically or in a COz-enriched aerobic atmosphere, according to the original
growth conditions of the culture.
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4.3.3 Effect of incubation atmosphere on the activity of A.
actinomycetemcomitans and E. coli Acp

Samples removed from A. actinomycetemcomitans cultures grown in a CO.-
enriched aerobic atmosphere and purified AcP from E. coli (Sigma) were assayed
for AcP activity under both CO2-enriched aerobic conditions and anaerobic
conditions. Purified E. coli AcP was dissolved in saline containing 0.01% (w/v)
cysteine-HCI and was added to the reaction mixture to give a final concentration of
2.5 ng AcP/ ml.
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4.5 Discussion

The level of AcP and AIP produced by A. actinomycetemcomitans grown in
different media did not appear to be related to the level of free phosphate in the
growth medium. The amount of free phosphate in each of the three media was 1.9,
5.9 and 3.0 mmoles per litre for the semi-defined medium, WC broth and FCS
respectively. Whilst many bacterial phosphatases have been shown to be
phosphate-repressible (Shah and Blobel, 1967; Torriani, 1990), others appear to
be produced constitutively (Poirier and Holt 1983a; Gonzalez et al., 1989). Yotis et
al. (1993) demonstrated that the uptake of certain phosphorylated compounds by
T. denticola was dependent on their prior dephosphorylation. Choline and betaine
have been shown to induce the production of an AcP by P. aeruginosa even in a
non-phosphate limiting medium (Lucchesi et al.,, 1989). Thus the presence or
levels of a particular substrate in the different growth media may have been
responsible for the differential stimulation of AcP and AIP production by A.
actinomycetemcomitans.

The AcP and AIP activities of A. actinomycetemcomitans cultures which had been
grown in a CO2-enriched aerobic atmosphere were lower than that of cultures
grown in an anaerobic environment. However these findings did not indicate
whether the differences observed were due to differences in the amount of enzyme
produced or differences in the activity of the enzyme under the different incubation
atmospheres as reaction mixtures were incubated either anaerobically or in a CO2-
enriched aerobic atmosphere according to the original growth conditions of the
culture. When cultures incubated in a CO2-enriched aerobic atmosphere were
assayed for AcP under anaerobic conditions the level of activity was considerably
greater compared to that observed when the same cultures were assayed for AcP
under COz-enriched aerobic conditions. The AcP activity of CO2-enriched aerobic
cultures assayed anaerobically was similar to that of anaerobic cultures assayed
anaerobically. In addition the activity of purified AcP from E. coli was greater under
anaerobic conditions than under COz-enriched aerobic conditions. A possible
explanation for the greater activity of the phosphatase enzymes under anaerobic
conditions is the presence of thiol groups. The protein tyrosine phosphatase of
Yersinia pestis has been shown to possess an essential cysteine residue (Guan
and Dixon, 1990) and it is possible that there are important thiol groups involved in
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the phosphatase activities of A. actinomycetemcomitans and E. coli. Thus although
the assay buffer contained the reducing agent cysteine-HCI, oxygen which was
present in the CO2x-enriched aerobic atmosphere but not in the anaerobic
atmosphere may have caused oxidation of such thiol groups leading to a reduction
in the activity of these enzymes.

The AcP and AIP of A. actinomycetemcomitans may serve an important role in the
nutrition of the organism in the periodontal pocket. Non-specific phosphatases
could remove phosphate groups from non-transportable phosphate esters present
in the environment, thereby allowing the hydrolysed component to be transported
and utilised by the cell. Such non-specific phosphatase activity could supply a
variety of nutrients to the organism depending on the organic moiety of the ester, in
addition to phosphate.

In addition to a role in nutrition, the phosphatases of oral bacteria may also play a
role in the pathogenesis of periodontal disease. AcP from A
actinomycetemcomitans was able to release inorganic phosphate from phosvitin
(data not shown), a phosphoprotein which is similar in phosphoseryl content to the
phosphoproteins of dentin, enamel, cementum and bone (Shainkin and Perimann,
1971; Glimcher, 1979). A study by Poirier and Holt (1983b) demonstrated similar
activity in Capnocytophaga ochracea. Release of phosphatases from
periodontopathogenic bacteria into the periodontal environment may lead to the
hydrolysis of mineralised tissues whose physicochemical integrity are dependent
on inter- and intra-molecular cross-linking between phosphoseryl groups of
phosphopeptides and calcium ions (Glimcher, 1979). Phosphatases may also play
an indirect role in plaque mineralisation by removing pyrophosphate, a calcification
inhibitor (Lucchesi et al.,, 1989). This hypothesis is supported by the positive
correlations found between AcP and AIP levels in saliva and calculus index (Bercy
and Vreven, 1979).

This study has shown that A. actinomycetemcomitans produces significant
amounts of AcP and AIP and that the production and activity of these enzymes is
affected by growth medium and incubation atmosphere. The production of such
enzymes by A. actinomycetemcomitans may facilitate the survival and growth of
the organism in the nutritionally competitive environment of the periodontal pocket
and may also contribute to the pathogenesis of periodontal disease.
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Chapter 5
Interactions between periodontopathogenic
bacteria and cytokines

5.1 Introduction

The immunoinflammatory response observed in periodontal disease is
modulated mainly by cytokines which act as intercellular signalling molecules.
Elevated levels of certain cytokines, for example the pro-inflammatory cytokines
IL-18 and IL-6, have been demonstrated in GCF and periodontal tissues of
patients with periodontal disease (Masada et al., 1990; Reinhardt et al., 1993;
Bartold and Haynes 1991; Takahashi, 1994; Hou et al., 1995; Stashenko et al.,
1991). Cytokines may be produced constitutively or in response to a particular
stimulus such as complement factors and other cytokines. Bacteria and their
components are also able to stimulate the production of cytokines by host cells.
Many studies concerning the stimulation of cytokine production by
periodontopathogenic bacteria have focussed on LPS (Wilson, 1995), although
more recently it has been shown that other cell wall constituents and secretory
products can potently stimulate cytokine production (Henderson and Wilson,
1995; Henderson and Wilson, 1996).

In addition to the induction of cytokine production, there are a number of other
ways in which bacteria may interact with cytokines in vivo. There is growing
evidence to suggest that cytokines can promote bacterial growth (Porat et al.,
1991; Denis et al., 1991) or that bacterial proteases can activate or inactivate
cytokines (Theander et al., 1998; Parmely et al., 1990).

5.2 Aims

The objectives of this study were to:

i) investigate whether IL-1B and IL-6 affect the growth of A
actinomycetemcomitans and P. gingivalis

ii) determine whether culture supernatants from P. gingivalis and A.
actinomycetemcomitans could degrade IL-1p, IL-6 and IL-1ra

iii) determine whether biofilms of P. gingivalis could degrade IL-18, IL-6 and IL-
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1ra, both in the presence and absence of serum

iv) investigate IL-1 degradation by purified Rl proteinase from P. gingivalis

5.3 Materials and methods

5.3.1 Effect of IL-18 and IL-6 on the growth of A. actinomycetemcomitans
and P. gingivalis

The effect of IL-1B and IL-6 on the growth A. actinomycetemcomitans 670 and
P. gingivalis W50 was determined by monitoring conductivity changes in
cultures using the Rapid Automated Bacterial Impedance Technique (RABIT,
Don Whitley Scientific). Bacteria harvested from plate cultures of the organisms
were resuspended in pre-reduced Whitley Impedance Broth (WIB) in the case
of A. actinomycetemcomitans or Whitley Anaerobe broth (WAB) (Don Whitley
Scientific) in the case of P. gingivalis. The suspensions were used to inoculate
tubes containing 2 ml of pre-reduced WIB or WAB as appropriate. IL-1p or IL-6
was added to give final concentrations of 0, 1, 10, and 100 ng/ml in a total
volume of 2.5 ml. Tubes were flushed with anaerobic gas for 30 secs, sealed
with sterile bungs and inserted into the RABIT module pre-set at 37°C. Changes
in conductivity (measured in pSiemens, uS) were recorded every 6 mins for up
to 48 h.

5.3.2 Hydrolysis of IL-1B, IL-6 and IL-1ra by culture supernatants of P.
gingivalis and A. actinomycetemcomitans

P. gingivalis W50 and A. actinomycetemcomitans 670 were inoculated into pre-
reduced BM broth. After 48 h anaerobic incubation at 37°C, cultures were
centrifuged and the supernatants passed through a 0.22 um filter to provide a
cell-free supernatant. IL-1B, IL-6 or IL-1ra was added to the -culture
supernatants to give a final concentration of 2.5 pg/ml. In the case of IL-6, the
P. gingivalis culture supernatant was diluted 1 in 4 with BM broth prior to adding
the cytokine. An aliquot was removed immediately and frozen at -70°C. This
was designated as the t = Oh sample. The culture supernatants containing
either IL-1B, IL-6 or IL-1ra were then incubated anaerobically at 37°C. Further

aliquots were removed at various time intervals and frozen immediately at -70°C
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to prevent further hydrolysis. Controls contained heat-inactivated (100°C, 30
mins) culture supernatant plus cytokine, and cytokine-free supernatant.

5.3.3 Hydrolysis of IL-18, IL-6 and IL-1ra by biofilms of P. gingivalis
Biofilms of P. gingivalis were prepared as follows. Sterile nitrocellulose
membranes (5 mm diameter) were placed on the surface of WC agar plates
containing 5% (v/v) horse blood. The membranes were then inoculated with 10
ul of a dense suspension of P. gingivalis and incubated anaerobically at 37°C
for 48 h. The resulting biofilms were transferred to microtitre plates and IL-18,
IL-6 or IL-1ra were added. The cytokines were prepared at a final concentration
of 2.5 pg/ml in BM broth. Biofilms were incubated with the cytokine solutions
anaerobically at 37°C, and samples were removed att =0, 0.25, 0.5, 1, 2 and 4
h, centrifuged and the supernatant stored at -70°C prior to analysis. Heat-
inactivated biofilm (121°C, 15 mins) plus cytokine, BM broth plus cytokine
without biofilm and biofilm plus BM broth without cytokine were included as
controls.

5.3.3.1 Hydrolysis of IL-13, IL-6 and IL-1ra by biofilms of P. gingivalis in the
presence of serum

The experiments were repeated as before except that the cytokines were
prepared in horse serum (Oxoid) instead of BM broth. Controls consisted of
heat-inactivated biofilm plus cytokine, horse serum plus cytokine without biofilm,
and biofilm plus serum without cytokine.

5.3.4 Hydrolysis of IL-1§ by purified Rl proteinase

Purified P. gingivalis Rl proteinase (Aduse-Opoku et al., 1995) was diluted to 4
U/ml (final concentration) in assay buffer (0.1 M Tris-HCI, pH 8.0, 10 mM CaCl,,
10 mM cysteine-HCI). IL-13 was added to give a final concentration of 2.5 ng/ml
and the enzyme solutions were incubated anaerobically at 37°C. Controls
contained heat-inactivated (100°C, 30 mins) RI proteinase plus IL-1p. Samples
were removed att = 0, 0.25, 0.5, 1, 2 and 4 h. Proteolytic activity was stopped
immediately at each sample time by the addition of an equal volume of formic
acid. The samples were then dried on a SpeedVac concentrator (Savant,
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Farmingdale, New York, USA) and stored at -70°C until required. To ensure
complete inactivation of the RI proteinase prior to electrophoresis, each of the
samples was resuspended in a solution of the proteinase inhibitor leupeptin at 1
mg/ml, incubated at room temperature for 1 h and then heated at 100°C for 3
mins before adding sample buffer.

5.3.5 SDS-PAGE and Western blotting

Samples were separated by SDS-PAGE by the method of Laemmli (1970) and
Western blotting was carried out as described in Ch 2.

The primary antibodies used were sheep monoclonal anti IL-1p, IL-6 or IL-1ra
diluted 1:1000 in blocking buffer (2% FCS in PBS-0.1% Triton-X-100). Rabbit
anti-sheep HRP conjugate (Dako, High Wycombe, UK) diluted 1:1000 in
blocking buffer was used for the secondary antibody.

5.3.6 Assessment of bio-activity of IL-13 following treatment with P.
gingivalis culture supernatant

Induction of IL-6 release from human gingival fibroblasts (HGF) was used to
assess the biological activity of IL-1f following treatment with the P. gingivalis
culture supernatants for various time intervals. HGF were plated in 24-well
plates at a density of 30,000 cells per well in Dulbeccos modified Eagles
medium (DMEM, Sigma) containing 2% FCS. The plates were then incubated at
37°C in 5% CO; overnight to allow the cells to adhere. The next day the cells
were washed and the P. gingivalis culture supernatants containing IL-1p were
added. The culture supernatants were first diluted 1:125,000 in DMEM to give a
theoretical IL-13 concentration of 20 pg/ml (assuming no digestion had taken
place). Controls consisted of IL-1B at a concentration of 20 pg/mi and P.
gingivalis supernatant with no cytokine added. Following overnight incubation,
the media were removed from the HGF cells and assayed for IL-6 by ELISA as
follows. Microtitre plates were coated with immuno-affinity purified polyclonal
goat anti-IL-6 antibody at 1 ug/ml, diluted in phosphate buffered saline (PBS),
pH 7.2. Plates were incubated at 4°C overnight. The wells were decanted and
washed with 0.01 M phosphate/0.05 M NaCl buffer containing 0.1% (v/v) Tween
20 (wash buffer, pH 7.2). IL-6 standards were added to wells over the dose
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range O - 3 ng/ml and the samples to be tested added to the remaining wells.
Plates were incubated for 2 h at room temperature and washed three times with
wash buffer. Biotinylated affinity purified polyclonal goat anti-iL-6 antibody (100
ul of a 14 pug/ml solution) was added to each of the wells and incubated for 1 h
at room temperature. The plates were washed three times and 100 pl of a
1:5000 dilution of avidin-HRP (Dako) were added to each well. Plates were then
incubated for 15 mins at room temperature before washing three times with
wash buffer. Wells were developed with 100 pl of 0.2 mg/ml
orthophenylenediamine in 0.1 M citric acid-phosphate buffer pH 5.0 plus 0.4
ul/ml 30% hydrogen peroxide. The reaction was terminated by the addition of
150 pl of 1 M H2SO4, and the absorbance was measured at 492 nm on a
Titertek plate reader.

This experiment was carried out by Dr K. Reddi.
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5.4 Results

5.4.1 Effect of IL-13 and IL-6 on the growth of A. actinomycetemcomitans
and P. gingivalis

The effects of increasing concentrations of IL-138 and IL-6 on the growth of A.
actinomycetemcomitans and P. gingivalis are shown in Figs. 5.1a, b and Figs.
5.2a, b respectively. Concentrations of IL-1f as high as 100 ng/ml had no effect
on the rate of growth of A. actinomycetemcomitans (slope = 2.2 £ 0.1 pS/min
compared to 2.2 + 0.1 pS/min for cytokine-free controls). The final conductivity
of the medium was similar for cultures containing 100 ng/ml IL-1 and cytokine-
free controls (1269.3 £ 17.7 uS and 1279.3 + 40.7 uS respectively). IL-6 too,
had no effect on the growth of the organism. The rate of growth of A.
actinomycetemcomitans in the presence of IL-6 at 100ng/ml (slope = 2.1 + 0.1
puS/min) was the same as in the absence of the cytokine (slope = 2.1 + 0.1
uS/min). The final conductivity of cultures containing 100 ng/ml IL-6 was 1252.3
+ 12.7 pS compared to 1282.3 + 19.6 uS for cytokine-free controls.

RABIT experiments to determine the effect of IL-18 and IL-6 on the growth of P.
gingivalis were repeated on three separate occasions in triplicate. For each
experiment, large standard deviations were observed. IL-1f and IL-6 at
concentrations up to 100 ng/ml appeared to have no significant effect on the
growth of P. gingivalis. The final conductivity of cultures containing 100 ng/ml
IL-13 was 4523.3 + 162.5 uS compared to 4686.8 + 372.5 uS for the cytokine-
free controls. The rate of growth of P. gingivalis in the presence of IL-1p at 100
ng/ml was similar (slope = 3.6 + 0.2 uS/min) to that in the absence of the
cytokine (slope = 3.2 + 0.7 uS/min). The final conductivity of cultures containing
100 ng/ml IL-6 was 4836.9 + 280.8 uS compared to 4512.1 + 414.2 for the
cytokine-free controls. The rate of growth in the presence of this cytokine was
similar (3.9 + 0.1 uS/min) to that in the absence of IL-6 (3.7 + 0.2 pS/min).
Whilst lower concentrations of IL-6 appeared to exhibit an inhibitory effect on
the growth of P. gingivalis, this effect was not statistically significant and was not
observed in other experiments.
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5.4.2 Hydrolysis of IL-13, IL-6 and IL-1ra by P. gingivalis and A.
actinomycetemcomitans

Supernatants from cultures of A. actinomycetemcomitans were unable to
hydrolyse IL-1B, IL-6 or IL-1ra (Figs. 5.4a, b and c¢). In contrast, supernatants
from cultures of P. gingivalis were able to hydrolyse all three cytokines as
evidenced by the disappearance of bands with molecular masses
corresponding to those of the intact cytokines with time, and the appearance of
bands with lower molecular masses representing breakdown products (Figs.
5.3a, b and c). After 8 h anaerobic incubation, no IL-1B was detectable (Fig.
5.3a) and only a small proportion of the IL-1ra remained (Fig. 5.3c). IL-6
appeared to be particularly sensitive to degradation by P. gingivalis and no IL-6
was detectable within minutes when incubated with undiluted culture
supernatant (data not shown). Even when the P. gingivalis culture supernatant
was diluted 1:4 with BM broth, only a small amount of IL-6 remained at t = 8h
(Fig. 5.3b). No degradation was evident when the culture supernatants were
boiled prior to addition of the cytokine (lane 2).

After 48 h anaerobic incubation, substantial biofilms of P. gingivalis were
present on the surface of the membrane filters and these contained
approximately 108 cfu/mm?.

Biofilms of P. gingivalis were able to degrade IL-18, IL-6 and IL-1ra (Figs. 5.5a,
b and c respectively) as indicated by the disappearance of the band
corresponding to the cytokine with time and the appearance of lower molecular
weight breakdown products. After 2 h incubation neither IL-13 nor IL-1ra was
detectable. Again IL-6 appeared to be particularly sensitive to hydrolysis by P.
gingivalis biofilms and after only 0.5 h virtually no IL-6 remained. There was no
evidence of cytokine degradation by the heat-inactivated biofilms (lane 1).
Degradation of IL-1B, IL-6 and IL-1ra by biofilms of P. gingivalis also occurred in
the presence of serum (Figs. 5.6a, b and c¢). However, degradation occurred at
a slower rate than in the absence of serum. Only a small amount of IL-18 and
IL-1ra remained after 4 h. IL-6 was more rapidly degraded than the other
cytokines and was undetectable after 2 h.

Fig. 5.7 shows the degradation of IL-18 by purified P. gingivalis Rl proteinase at
4 U/ml. The rate of degradation was approximately double that of the P.
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gingivalis culture supernatants and after 2 h only a small amount of IL-18

remained.
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