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ABSTRACT
DNA-DNA CHECKERBOARD HYBRIDIZATION TO IDENTIFY BACTERIA IN
HUMAN PLAQUE SAMPLES

by
Jasan Lee Zimmerman

Previous research has shown that using DNA probes to identify the presence of
specific bacteria in human plaque samples is superior to the commonly used anaerobic
cultural procedures. Some periodontal pathogens are either uncultivable or very difficult
to grow, such as Prevotella intermedia, P. nigrescens, and Eubacterium brachy.
Digoxygenin probes were prepared for 15 oral bacteria. These probes were used with a
checkerboard DNA-DNA hybridization scheme to analyze whether human plaque
samples contained any of the 15 bacterial species. Our results have shown that this
method is successful in identifying bacterial DNA present in the subgingival patient
plaque samples. Probe cross-reactivity tests were also performed and have shown that
there was very little cross-reactivity between the 15 bacterial species used. This method
can be used for rapid and specific identification (compared to current anaerobic culturing
methods) of bacterial species in human plaque samples, thus potentially facilitating
treatment for pathogens implicated in periodontal diseases.

CHAPTER 1
INTRODUCTION

I.

Periodontal Disease
Dental plaque has been associated with a number of dental diseases, including

gingivitis and periodontitis, for over 30 years. Gingivitis is defined as inflammation of
the gingiva (Genco, 1992). Periodontitis is defined as a local inflammation in tooth
supporting tissues, leading to a progressive loss of periodontal ligament and alveolar
bone (Edwardsson, 1999). It has been shown that total withdrawal of oral hygiene
procedures from dentitions with healthy gingivae leads to the accumulation of large
amounts of bacterial plaque. The accumulation of plaque is accompanied by the
development of gingivitis (Lie et ah, 1998). Control of plaque, and therefore disease,
depends upon treatments that include tooth brushing, flossing, and professional
periodontal therapy. Diagnosis of the specific subgingival pathogens present may be
needed to determine specific treatments, such as mouthrinses, antibiotics, or mechanical
treatments.
The model of periodontal disease from the 1960s indicated that everyone is
susceptible to periodontitis, gingivitis progresses to periodontitis with subsequent bone
and tooth loss, and the susceptibility to periodontitis increases with age. The current
model is that moderate periodontal disease affects a majority of adults, but that only 520% of any population suffers from severe generalized periodontitis (Fenesy, 1998).
Three factors, consisting of a susceptible host, a pathogen, and an appropriate local
environment, are needed for disease progression (Haffajee, 1994 and Wolff et ah, 1993).
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Alteration of any one of these components affects the nature and course of disease. In
terms of control, each member of the triad is amenable to change, but the most lasting
and least host-damaging change might be brought about by the elimination of the
pathogen (Haffajee, 1994). Periodontitis is now seen as the result of an interaction
between bacteria and the immune response of the host that can be affected by the
behavioral factors of the host (Fenesy, 1998).
Smoking is one such behavioral factor. It has been shown to have a clear and
significant association with periodontal disease. There is no difference between smokers
and non-smokers with respect to plaque accumulation or the prevalence of pathogenic
bacteria (Stoltenberg et al., 1993). Smoking appears to suppress the vascular response
that follows gingivitis, masking the signs of inflammation and allowing the bacteria to
grow without fear of immune system repercussions (Fenesy, 1998).
Early-onset periodontitis is a broad category that describes distinct types of
periodontitis that affect young people who usually otherwise appear healthy. It is
distinguished from adult periodontitis by the age of the onset and by the composition of
the subgingival microbial flora. It includes three forms: prepubertal periodontitis,
localized and generalized juvenile periodontitis, and rapidly progressive periodontitis
(Fenesy, 1998). Genetic factors may influence susceptibility to certain forms of earlyonset periodontitis, but they are more than likely combined with environmental factors to
determine whether disease is present or not (Potter, 1991 and Fenesy, 1998).
Prepubertal periodontitis is associated with attachment loss. Attachment loss is
defined as gingival pocket formation and evidence of bone loss around teeth (Watanabe,
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1990). It occurs in either a local or generalized form and can occur anytime between the
moment that the tooth first emerges from the gums up through the beginning of puberty.
Prepubertal periodontitis can sometimes be considered to be complications of a severe
systemic disorder, such as chronic neutropenia, human immunodeficiency virus (HIV)
infection, leukemia, and fibrous dysplasia. Most reported cases of generalized
prepubertal periodontitis with congenital defects of hematological origin appear to be
uncontrollable until all teeth are extracted (Page et ah, 1983 and Fenesy, 1998).
Juvenile periodontitis can also present as either localized or generalized disease
(Ranney, 1993). Generalized juvenile periodontitis usually occurs in the late teenage
years and affects most teeth. It has been associated with a variable micro flora, often
including Porphyromonas gingivalis. Localized juvenile periodontitis usually occurs at
or around puberty and is associated with molar and incisor bone and attachment loss.
Both generalized and juvenile periodontitis may have abnormalities in host immune cell
functions that appear to follow a familial pattern (Fenesy, 1998).
Rapidly progressive periodontitis is usually found in patients who are 20-35 years
old (Ranney, 1993). The clinical, microbiological, and immunological findings in rapidly
progressive periodontitis are similar to those found in generalized juvenile periodontitis
(Fenesy, 1998).
Adult periodontitis is defined as the inflammation of the gingiva and the adjacent
dental attachment apparatus (Ranney, 1993). It is characterized by loss of attachment,
due to the destruction of the periodontal ligament and the loss of the adjacent supporting
bone. Clinical manifestations include edema, erythema, gingival bleeding upon probing,
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and suppuration. Bone loss is apparent and may be evident with slight to moderate
destruction. This bone loss may be localized, involving a single tooth’s attachment, or
more generalized, involving several teeth. The goal of therapy for adult periodontitis is
similar to that of early-onset periodontitis: namely, to slow the progression of the
disease. In addition, regeneration of the periodontal attachment apparatus may be
attempted (Fenesy, 1998).
No direct link between specific pathogens and disease has yet been established for
periodontitis. Over 500 bacteria have been identified within periodontal pockets
(Socransky et al., 1998). Overwhelming evidence suggests that a small group of
pathogenic bacteria, either alone or in combination with others, cause periodontal disease
in humans. Most pathogens associated with periodontal lesions are gram-negative
anaerobic rods (Fenesy, 1998 and Wolff, 1993). Bacteria with an especially strong
association with periodontal disease include Porphyromonas gingivalis and spirochetes
that cause acute necrotizing ulcerative gingivitis. These pathogens often cause the
continued loss of periodontal attachment despite periodontal therapy. They also cause
refractory periodontitis, localized juvenile periodontitis, and other types of early-onset
periodontitis (Slots, 1991 and Schenkein, 1994). In addition, since their presence has
been associated with severity of disease and attachment loss, P. gingivalis, Bacteroides
forsythus, and Treponema denticola are among those bacterial species which are
considered microbiological markers of periodontal disease (Di Murro et al., 1997).
The treatment goal for early-onset periodontitis is to alter or eliminate the
pathogenic microbes and the other risk factors and to develop faster regeneration of the
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tissue lost to the disease. Control of the disease may not always be possible, due to the
many factors involved, such as the microbial flora, immune defects, and the host
response. A reasonable treatment objective, then, would be to slow the progression of the
disease by administering antibiotics and providing periodontal therapy. Repeatedly
testing the micro flora may also be necessary to monitor the disease progression and to
provide information for possible alteration of the antibiotic regimen (Fenesy, 1998).
The treatment methods for early-onset periodontal diseases are similar to those
used for adult periodontitis. They include oral hygiene instruction, reinforcement,
evaluation of the patient’s plaque control, supragingvial and subgingival scaling and root
planing to remove microbial plaque, control of other local factors, periodontal surgery as
necessary, and supportive periodontal therapy (Fenesy, 1998). Overall oral hygiene, not
just tooth and gingival hygiene, is important, since extra-dental locations such as the
tonsils and the dorsum of the tongue have been shown to act as potential reservoirs for
putative periodontal pathogens (Di Murro et al., 1997).
Poor oral hygiene and plaque retention on both teeth and dental appliances have
also been shown to commonly give rise to malodor, or bad breath, due to putrefaction by
oral bacteria. Periodontal diseases, in particular, necrotizing ulcerative gingivitis and
severe periodontitis, can give rise to pronounced malodor (Scully et al., 1997).
In addition, periodontal organisms may also be the source of infections elsewhere
in the body. Infections caused by these organisms may affect systemic health. Oral
pathogens are known causative agents of infective endocarditis (Meyer et al., 1998).

7

Research also indicates that poor dental health is associated with an increased risk of
heart disease (Morrison et ah, 1999 and Meyer et al, 1998).
In addition, the periodontal tissues are often associated with manifestations of a
wide range of systemic diseases. Patients with diabetes mellitus are at risk for
periodontal disease (Gustke, 1999). Periodontitis also progresses more rapidly in poorly
controlled diabetics (Fenesy, 1998). Periodontal pathogens that have been found to be
elevated at disease sites when compared to healthy sites in poorly controlled insulindependent diabetics include Prevotella intermedia, Eikinella corrodens, Fusobacterium
nucleatum, and Campylobacter rectus (Haffajee, 1994). Similar species were also found
in patients with non-insulin-dependent diabetes. P. intermedia was detected most
frequently, and C. rectus and P. gingivalis were also commonly detected. Haffajee states
that such studies suggest that altered host susceptibility may change the rate of disease
progression in affected individuals, but by and large, the periodontal pathogens are likely
to be the same as those found in uncompromised subjects. The earlier the age of onset of
diabetes mellitus, the greater the risk factor for more severe periodontal disease
(Thorstensson 1993). Mechanisms by which diabetes may contribute to periodontitis
include vascular changes, polymorphonuclear cell dysfunction, and abnormal collagen
synthesis. Genetic predisposition may also contribute to periodontitis in diabetics. The
exact mechanism by which diabetes mellitus is associated with periodontal destruction is
not totally understood. However, periodontitis can still be considered a complication of
diabetes mellitus (Oliver, 1994 and Fenesy, 1998).
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Female hormonal alterations may affect periodontal health. Hormonal
fluctuations may occur during puberty, the menstrual cycle, pregnancy, or menopause
(Sooriyamoorthy, 1989). The most notable periodontal changes occur during pregnancy,
with a significant proportion of pregnant women suffering from pregnancy gingivitis.
The symptoms include an increase in gingival bleeding, gingivitis, and a subgingival
microbial shift. Gingival tissues return to their original healthy state postpartum when
estrogen and progesterone return to normal levels. Women on hormonal replacement
therapy and oral contraceptives experience a statistically significant increase in gingival
inflammation. For most healthy women without the predisposition to periodontal
disease, the negative influence of the fluctuation of estrogen and progesterone levels can
be controlled by additional plaque control, and these women should not be considered to
be at increased risk of periodontal disease (Fenesy, 1998).
Patients with immune system disorders may have more severe periodontal disease
than those with healthy immune systems. Patients with HIV may have particularly severe
forms of periodontal disease. The periodontal manifestation may in fact be the first
clinical manifestation of the virus (Ryder, 1993). Patients with AIDS have an increased
likelihood of acquiring acute necrotizing ulcerative gingivitis and necrotizing gingivitis.
Treatment normally involves scaling to remove visible plaque and debridement of
necrotic tissue if present. Use of an antimicrobial mouthrinse such as chlorhexidine has
been shown to be effective in reducing the symptoms and recurrence of the lesions
(Fenesy, 1998).
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Fenesy (1998) concludes her review article on periodontal disease by stating, “In
order to rationally treat and prevent recurrence of periodontal diseases, we need to know
the identity of etiologic agent(s) for specific patients, and the virulence properties of the
pathogenic species involved.” Haffajee & Socransky conclude their review article on
periodontal disease by saying, “There are at least two reasons to study the microbial
etiology of periodontal diseases. First, knowledge of the etiological agents would aid in
designing measures to prevent these diseases. Such measures might include vaccines
against specific organisms or prophylactic measures to eliminate pathogens on their
detection, prior to the onset of disease. Knowledge of the etiological agents in
periodontal diseases would also aid in the selection of the most appropriate therapy for
the treatment of the disease” (Haffajee, 1994). These two statements succinctly sum up
the rationale behind the different methods used for identifying bacteria in plaque samples.

II.

Clinical Significance of Bacteria
The following bacteria were used in this study. A description of their role in

periodontal disease and other clinical significance follows for each.
Actinomyces israelii and Actinomyces naeslundii
Actinomyces israelii and Actinomyces naeslundii are gram-positive rods. A.
israelii is anaerobic, while A naeslundii is a facultative anaerobe (Johnson et ah, 1990).
Actinomyces species are considered to be beneficial to the host and may slow the disease
process when they are found in a high enough concentration (Edwardsson et ah, 1999).
However, these same authors report that, in their study, A. israelii and A. naeslundii were
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found to be among the most prevalent bacteria in patients with therapy-resistant
periodontitis. If these bacteria were in among the most prevalent, they should have been
in a sufficient concentration to slow the disease process. This discrepancy needs to be
clarified by further research.
Tanner et al. (1996) reported that A naeslundii is associated with active
periodontal sites and the development of experimental gingivitis in children and adults,
but that it also predominates in healthy sites. The authors further reported that A.
naeslundii was one of the predominant species cultured from gingivitis patients, but that
it was also a “[hjealth-associated species” (Tanner et al., 1998). Haffajee et al. (1998)
reported that A. naeslundii did not differ significantly among healthy patients and those
with periodontitis.

Tanner et al. (1996) and Lie et al. (1998) both reported that A.

israelii is associated with experimental or naturally occurring gingivitis. An explanation
for these contradictory findings may be that Actinomyces species appear to provide
adherence for Fusobacterium nucleatum, a putative periodontal pathogen that presumably
promotes periodontal disease (Tanner et al., 1996). Socransky et al. (1998) report that A.
naeslundii is probably an early colonizer of the tooth surface. Moore stated that “[o]ther
than its importance in initial colonization of the tooth surface and its coaggregation with
F. nucleatum and other species, the direct contribution of A. naeslundii to periodontal
disease ... is questionable” (Moore, 1994). Further research into the role that A. israelii
and A. naeslundii play in periodontal disease is obviously needed. In addition, A.
naeslundii has also been found to be the cause of biliary actinomycosis associated with
adenocarcinoma of the gall bladder (Merle-Melet et al., 1995).
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Barter aides forsythus
Bacteroides forsythus is a gram-negative, anaerobic rod. It is very nutritionally
fastidious, often requiring up to two weeks for measurable growth. Its growth is
enhanced by co-cultivation with F. nucleatum (Haffajee, 1994 and Tanner et al., 1998)
and/or P. gingivalis (Gersdorf, 1993). It is also commonly found with F. nucleatum in
subgingival plaque (Haffajee, 1994).
B. forsythus has been found to be significantly elevated in patients with
periodontitis and is not commonly encountered in healthy sites (Haffajee, 1998).
However, Di Murro et al. (1997) found B. forsythus in all patients in their study with
treated gingivitis. They suggest that B. forsythus may be either a normal, opportunistic
inhabitant at low concentrations of the oral cavity or that it is resistant to common
mechanical debridement techniques (Di Murro et al., 1997). It has been associated with
initial periodontal lesions (Tanner et al., 1998). It has also been associated with adult
destructive periodontal disease (Gersdorf, 1993) and has been found in greater numbers
in sites with destructive periodontal disease compared to healthy sites or sites with
gingivitis. It has been detected more frequently and in higher numbers in active
periodontal lesions than inactive lesions. It was more frequently found in adult
subgingival sites than supergingival sites, as well as at sites that showed breakdown after
periodontal therapy compared to sites that remained stable or gained attachment
(Edwardsson et al., 1999 and Haffajee, 1994). Its presence in subgingival plaque can be
reduced by periodontal treatment (Edwardsson, 1999).
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B. forsythus is often found in a combination with P. gingivalis and T. denticola. It
has been suggested that these species, either together or by themselves, increase the risk
for the progression of periodontal disease (Haffajee, 1998). In addition, serum antibody
to B. forsythus has been found to be elevated in periodontitis patients (Haffajee, 1994).
B. forsythus has been implicated in malodor, since it can produce volatile sulfur
compounds, such as sulfides and mercaptans, which are predominant components of
malodor (Scully et ah, 1997). The evidence above indicates that B. forsythus is most
likely a periodontal pathogen. It was designated as such by the 1996 World Workshop in
Periodontics (Consensus Report, 1996 World Workshop in Periodontics—cited in
Haffajee et ah, 1998).
Campylobacter concisus
Campylobacter concisus is a gram-negative, facultatively anaerobic rod that has
been associated with periodontal disease in humans (Van Etterijck et ah, 1996 and
Kamma et ah, 1994) and is observed more frequently at bleeding sites (Kamma et ah,
1994). Even though C. concisus has been recovered from patients with gingivitis and
with periodontitis with advancing bone loss, its role in periodontal disease has not yet
been fully elucidated (Van Etterijck et ah, 1996). It has also been characterized as a
human oral commensal (Tanner et ah, 1981). However, there is experimental evidence
that it is elevated in patients with both experimental and naturally occurring gingivitis
when compared to healthy patients (Tanner et ah, 1996). It has also been reported as an
early colonizer of the tooth surface (Socransky, 1998).
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Campylobacter rectus
Campylobacter rectus is a gram-negative, anaerobic rod (Haffajee, 1994). It has
been implicated in active lesions and destructive periodontal disease (Kamma et al.,
1994). It has been shown to be elevated in subgingival plaque during experimental
gingivitis (Lie et al., 1998) and in saliva samples from patients with advanced
periodontitis (Socransky et al., 1998). C. rectus has also been shown to be associated
with active interproximal lesions and elevated at sites that showed attachment loss
(Tanner et al., 1998) as well as with naturally occurring gingivitis and periodontitis (Lie
et al., 1998 and Tanner et al., 1996). Its concentration has been shown to be reduced after
successful periodontal therapy. C. rectus also produces a leukotoxin, which is a virulence
factor that kills white blood cells (Haffajee, 1994).
Tanner et al. (1998) reported that C. rectus, with or without B. forsythus, has been
associated with initial periodontal lesions as well as progressing lesions in several studies
of advanced periodontal loss. Thus, they suggest that C. rectus and B. forsythus are
major species characterizing sites converting from periodontal health to disease (Tanner
et al., 1998).
Campylobacter sputorum subsp. sputorum
Campylobacter sputorum subsp. sputorum is a gram-negative, anaerobic rod. It is
described as a commensal in the oral cavity (Bloser et al., 1979) and rarely causes
disease, although it has been associated with lung, axillary, scrotal, and groin abscesses,
enteritis, and bacteremia in humans (Tee et al., 1998). It most likely acts as an
opportunistic pathogen of the oral cavity.
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Eikinella corrodens
Eikinella corrodens is a gram-negative, anaerobic rod (Haffajee, 1994). It has
been shown to be associated with periodontal disease (Wolff et al., 1993). It has also
been identified as an early colonizer of the tooth surface (Socransky et al., 1998). It is
found more frequently in sites of periodontal destruction than in healthy sites and in
higher levels in active sites of periodontal disease compared to inactive sites. It is found
more frequently and in higher levels in subjects who respond poorly to periodontal
therapy. In addition, it is found in lower concentrations in sites that were successfully
treated with periodontal therapy (Haffajee, 1994). It has been found to be associated with
an accumulation of plaque in diseased states with inflammation and bone destruction
(Gibbons et al., 1973).
Escherichia coli
Escherichia coli is a gram-negative, facultatively anaerobic rod. It is normally
found in the human lower intestine (Percival et al., 1996). Under certain conditions,
enteric rods such as E. coli may colonize the periodontal pocket, suggesting a possible
role in the development of periodontal disease (Edwardsson et al., 1999 and Haffajee,
1994). In infected oral tissues, it can be found mixed with other indigenous oral bacteria
(Sabiston et al., 1974) but is present less frequently compared to other pathogenic
bacteria (Edwardsson et al., 1999). Haffajee (1994) suggests that opportunistic species
may grow as a result of the periodontal disease instead of actually causing the disease
(Haffajee, 1994). This may be one reason that E. coli is associated with periodontal
disease.
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Eubacterium brachy
Eubacterium brachy is a gram-positive, anaerobic rod. It is very difficult to
cultivate due to its fastidious nature (Haffajee, 1994). It has been reported to be among
the most frequently detected organisms in infected root canals (Socransky, 1998).
Haffajee (1994) states that it, along with other Eubacterium species, appears to be a
promising candidate (Haffajee (1994) labeled it as having a moderate relationship to
periodontal disease) as a periodontal pathogen, but cultivation difficulties have proven to
be an obstacle for definitive studies.
Fusobacterium nucleatum subsp. vincentii
Fusobacterium nucleatum subsp. vincentii is a gram-negative, anaerobic rod. It is
the most common bacterial species isolated from subgingival plaque samples (Lie et al.,
1998), making up 7-10% of the total bacteria isolated from different clinical conditions
(Haffajee, 1994), including gingivitis (Tanner et al., 1998 and Lie et al., 1998), active
periodontitis (Tanner et al., 1996), and periodontal destruction (Moore, 1994). It has also
been found to be associated with periodontal disease (Wolff et al., 1993) and has been
found to be one of the most frequently detected organisms in infected root canals
(Socransky, 1998). These findings of high frequencies of F. nucleatum may be due to the
presence of different subspecies of it, including F. nucleatum subsp. vincentii.
As mentioned above, Actinomyces species may serve to provide adherence for F.
nucleatum, which in turn serves as a major gingival irritant and a periodontal pathogen
(Tanner et al., 1996 and Moore, 1994).
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F. nucleatum is the only well known and frequent pathogen of other body sites
that is almost uniformly present as an important part of the flora during the initiation of
gingivitis. It is the most common periodontal pathogen found in clinical infections of
other body sites, including brain, lung, liver, pelvic, ovarian, and kidney abscesses;
blood, spinal fluid, and intrauterine device infections; and pleurisy. It usually continues
to maintain a similar concentration in the periodontal micro flora as gingivitis progresses
and periodontitis develops (Moore, 1994). Moore (1994) reported that the most common
subspecies isolated from the gingival crevice and other body sites is F. nucleatum subsp.
vincentii. He further concludes that F. nucleatum is the principal and most frequent cause
of gingival inflammation that initiates periodontal disease (Moore, 1994). This
inflammation then induces secretion of blood and serum into the crevicular fluid, which
also stimulates the growth of other species.
Fusobacterium species are implicated in malodor, since they can produce volatile
sulfur compounds, such as sulfides and mercaptans, which are predominant components
of malodor (Scully et al., 1997). Thus, Fusobacterium nucleatum subsp. vincentii could
be associated with malodor.
Porphyromonas gingivalis
Porphyromonas gingivalis is a gram-negative, anaerobic rod. It evoked early
interest because of its role in experimental mixed infections and the large number of
virulence factors it can produce. Virulence factors include collagenase,
lipopolysaccharide endotoxin, fibrinolysin, phospholipase A, fibroblast inhibitory factor,
hydrogen sulfide, bone resorption-inducing factor, chemotactic factors (Haffajee, 1994),
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polysaccharide capsule, fimbrial adhesions, and toxic proteases (Shah et ah, 1989).
Fletcher et ah (1995) characterized a protease from P. gingivalis that cleaves C3, a
component of the complement cascade that leads to the destruction of microbes. In
addition, P. gingivalis has the ability to enter mammalian cells, an ability shared with
many respiratory and enteric pathogens (Fenesy, 1998). It is almost always found in
plaque samples that also contain B. forsythus, possibly with B. forsythus preceding
colonization by P. gingivalis (Socransky , 1998). It has been associated with periodontal
disease and has been shown to increase in subgingival plaque as periodontal disease
severity increases (Wolff et ah, 1993 and Moore et ah, 1994), as well as when pocket
depth increases (Socransky, 1998). P. gingivalis has also been found in high percentages
in young adults with destructive periodontal lesions (Kamma et ah, 1994). Further
studies have shown that it is uncommon or in low numbers in healthy subjects or subjects
with gingivitis (Moore, 1994), but it is found in higher concentrations in active
periodontal lesions and in destructive periodontitis (Lie et ah, 1998). It has also been
successfully reduced in sites that were treated for periodontal disease (Lie et ah, 1998)
but is often encountered in sites where disease re-occurs after therapy. In addition, it has
been shown to induce elevated immune responses in patients with various forms of
periodontitis. Antibody studies have shown that many, but not all, patients with
periodontal attachment loss exhibit elevated levels of P. gingivalis antibodies. This
suggests that it may gain access to underlying tissue and may initiate or contribute to
periodontal attachment loss (Haffajee, 1994). Griffen et ah (1998) suggest that P.
gingivalis may not be a normal inhabitant of the healthy oral cavity, since its detection
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rates were high in patients with periodontitis and low in healthy patients. Di Murro et al.
(1997), however, suggested that since P. gingivalis was present in all subjects with
treated gingivitis in their study, it may be either a normal inhabitant, at low
concentrations, of the oral cavity or it may be resistant to common mechanical
debridement techniques (Di Murro et al., 1997).
The experimental data, taken collectively, implicates P. gingivalis as a
periodontal pathogen (Griffen et al., 1998 and Haffajee, et al., 1998). In fact, P.gingivalis
was designated as a periodontal pathogen by the 1996 World Workshop in Periodontics
(Consensus Report, 1996 World Workshop in Periodontics—cited in Haffajee et al.,
1998). However, strains of P. gingivalis with different virulence properties do exist (Di
Murro et al., 1997; Neiders et al., 1989; and Shah et al., 1989), and preliminary studies by
Griffen et al. (1998) suggest that different strains are found in healthy and diseased
patients (Griffen et al., 1998). Fletcher et al. (1995) found that certain strains that
contained the prtH gene that codes for the protease that cleaves C3 were more virulent
than strains containing an inactivated copy of the prtH gene. Further research is
obviously needed to identify virulent strains of P. gingivalis in order to understand their
precise role in the progression of periodontal disease.
In addition to being a periodontal pathogen, P. gingivalis has been implicated in
malodor, or bad breath. It can produce volatile sulfur compounds, such as sulfides and
mercaptans, which are predominant components of malodor (Scully et al., 1997).
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Prevotella intermedia
Prevotella intermedia is a gram-negative, anaerobic rod (Kamma et al, 1994). It
has been shown to be elevated in acute necrotizing ulcerative gingivitis (Haffajee, 1994)
and some forms of gingivitis and periodontitis (Tanner et al., 1996; Lie et al., 1998; and
Wolff et al., 1993). It may also share some virulence factors with P. gingivalis, including
IgA protease (Lantz et al., 1991). In addition, elevated serum antibodies to P. intermedia
have been found in some subjects with refractory periodontitis (Haffajee, 1994). It has
been shown to produce a localized abscess at infection sites and has been shown to be
associated with bleeding and suppurating sites (Kamma et al., 1994). It has been shown
to be reduced in subgingival plaque after treatment (Lie et al., 1998). Previous studies
have shown that levels of P. intermedia above 5% of the cultivable flora indicate that
there is an ongoing disease process that requires treatment (Edwardsson, 1999). P.
intermedia has also been found in abdominal wounds and blood (Moore, 1994).
Recently, strains of P. intermedia have been separated into two species, P.
intermedia and P. nigrescens. This may cause previous data to be misinterpreted
regarding P. intermedia since studies may have inadvertently included both species
(Haffajee, 1994). P. intermedia has been implicated in malodor, since it can produce
volatile sulfur compounds, such as sulfides and mercaptans, which are predominant
components of malodor (Scully et al., 1997).
Prevotella nigrescens
Prevotella nigrescens is a gram-negative, anaerobic rod (Haffajee, 1994). It has
been found in increased levels in gingivitis (Tanner et al., 1998) and active periodontitis
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(Tanner et al., 1996), possibly with more of an association than P. intermedia, compared
to healthy patients. Indeed, it has been described as a putative pathogen (Tanner et al.,
1996). Since P. nigrescens was once classified as P. intermedia (Haffajee, 1994), it may
also play a role in malodor, just as P. intermedia does.
Streptococcus oralis
Streptococcus oralis is a gram-positive, aerobic coccus (Lie et al., 1998). It is a
frequent inhabitant of both the intestinal tract and the oral cavity (Moore, 1994).
Streptococcus sp. have been shown to attach to the tooth surface, along with Actinomyces
sp., during the initial microbial colonization of the tooth (Moore, 1994 and Lie et al.,
1998). S. oralis has been identified as a health-associated species and is considered
beneficial since it was isolated in periodontally inactive sites instead of periodontally
active sites (Tanner et al., 1996 and Tanner et al., 1998). Streptococci have also been
suggested to be “indigenous, host-compatible organisms” (Haffajee, 1998). These
microorganisms have been identified as part of a bacterial group that is considered
beneficial to the host, since colonizing in high numbers may slow disease progression
caused by anaerobic bacteria (Edwardsson et al., 1999).
Treponema denticola
Treponema denticola is an anaerobic spirochete (Riviere et al., 1992). Healthy
sites usually harbor few spirochetes, whereas sites with gingivitis and periodontitis
exhibit increasing numbers of spirochetes (Haffajee, 1994; Moore, 1994; and Haffajee et
al., 1998). Many Treponema species are associated with periodontal disease, but specific
identification of the species involved has been limited by the lack of selective culturing
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methods and specific DNA probes. Dot blot hybridization has, however, been used to
identify T. denticola from plaque samples (Willis et ah, 1999). T. denticola has been
found to be more common in patients with periodontitis when compared to healthy
subjects (Haffajee, 1994) and to subjects with treated or untreated gingivitis (Di Murro et
ah, 1997). For this reason, it is considered to be a microbiological marker of periodontal
disease (Di Murro et al., 1997). It is more common in subgingival plaque than
supragingival plaque. It has also been shown to decrease in sites that were successfully
treated with periodontal therapy compared to sites that did not respond to therapy
(Haffajee, 1994T). Di Murro et al. (1997) found that T. denticola was present in all
subjects of their study with treated gingivitis. They suggest that T. denticola may be
either a normal inhabitant, at low concentrations, of the oral cavity or that it is resistant to
common mechanical debridement techniques (Di Murro et al., 1997).
T. denticola is also implicated in malodor, since it can produce volatile sulfur
compounds, such as sulfides and mercaptans, which are predominant components of
malodor (Scully et al., 1997).

III.

Microbial Complexes in Human Plaque
Socransky et al. (1998) defined several complexes of bacteria that exist in

subgingival plaque. These complexes included B. forsythus, P. gingivalis, and T.
denticola", F. nucleatum subspecies vincentii, P. intermedia, and P. nigrescens (C. rectus
was found to be associated with this group); S. oralis along with four other Streptococcus
species; and C. concisus and E. corrodens.
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The first group consists of B. forsythus, P. gingivalis, and T. denticola. It was
found to be “related strikingly to clinical measures of periodontal disease, particularly
pocket depth and bleeding on probing” (Socransky et al, 1998). These investigators
found that all three members of the group increased in prevalence and numbers with
increasing pocket depth. Sites with none of the species exhibited the shallowest pocket
depth, while sites with all three had the deepest pocket depth. Sites that contained P.
gingivalis alone or in combination with the other two members of the complex exhibited
the deepest pocket depths. Socransky states that the biological basis of the association
among B. forsythus, P. gingivalis, and T. denticola is not known, but that these bacteria
have been shown to coaggregate strongly in vitro. One species of the complex may
produce growth factors required by another in that complex (Socransky et al., 1998).
These findings support previous research on the relationships between these bacteria,
particularly that which found that P. gingivalis was never detected in the absence of B.
forsythus (Socransky, 1998).
The second complex consists of the following species: F. nucleatum subspecies
vincentii, P. intermedia, and P. nigrescens, amongst others. C. rectus was also found to
be mildly associated with this group. These species were found to be closely related to
each other, and this entire complex was found to be closely related to the red complex.
This data also supported previous findings, including those that found that P. intermedia
was always detected in the presence of F. nucleatum in subgingival plaque samples from
deep pockets in a group of adult periodontitis subjects. This complex showed a
significant association with increasing pocket depth (Socransky, 1998).
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The other complexes described by Socransky were not associated with
periodontal disease. However, individual species from each complex, but not the
complex as a whole, can be associated with periodontal disease (Socransky, 1998).
Socransky suggests that knowledge of the complexes of bacteria found in
subgingival plaque could be used to determine specific treatment options. Treatments
that affect one species of a complex may influence other species of the complex, or
possible an entirely different complex. Relationships between the species associated with
the above mentioned complexes will also be studied in this project.
Table 1 summarizes these microorganisms and relates the clinical significance of
each.
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Table 1. Microorganisms used in this study and their clinical significance in oral disease.
Actinomyces israelii
gram-positive, anaerobic rod

associated with experimental or naturally occurring gingivitis;
among the most prevalent bacteria in patients with
therapy-resistant periodontitis

Actinomyces naeslundii
gram-positive rod, facultative anaerobe

cause of biliary actinomycosis associated with adenocarcinoma
of the gall bladder; probably an early colonizer of the tooth
surface; coaggregates with F. nucleatum; predominant
species cultured from gingivitis patients; may also be a
health-associated species

Bacteroides forsythus
gram-negative, anaerobic rod

designated as a periodontal pathogen by the 1996 World
Workshop in Periodontics; significantly elevated in patients with
periodontitis; associated with initial periodontal lesions and
adult destructive periodontal disease; found in greater numbers
in sites with destructive periodontal disease; more frequently
found in adult subgingival sites than supergingival sites;
associated with malodor

Campylobacter concisus
gram-negative rod, facultative anaerobe

early colonizer of the tooth surface; human oral commensal;
may be opportunistic in oral disease

Campylobacter rectus
gram-negative, anaerobic rod

produces a leukotoxin, a virulence factor that kills white blood
cells; implicated in active lesions and destructive periodontal
disease; significantly elevated in saliva samples from patients
with advanced periodontitis; concentration is reduced after
successful periodontal therapy

Campylobacter sputorum subsp. sputorum
gram-negative, anaerobic rod

commensal in the oral cavity; associated with infections at
many other body sites; probably acts as an opportunistic
pathogen of the oral cavity

Eikenella corrodens
gram-negative rod, facultative anaerobe

elevated in sites with gingivitis; associated, along with other
species, with inflammation and bone destruction in diseased
states with accumulation of plaque; found in lower
concentrations in sites that were successfully treated with
periodontal therapy; early colonizer of the tooth surface

Escherichia coli
gram-negative rod, facultative anaerobe

normally found in the lower intestine; may colonize the
periodontal pocket under certain conditions; may be
opportunistic in oral disease

Eubacterium sp.
gram-positive, anaerobic rod

very fastidious and difficult to cultivate; among the most
frequently detected organisms in infected root canals; may be
a periodontal pathogen, but cultivation difficulties have
hampered definitive studies
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Table 1 (continued). Microorganisms used in this study and their clinical significance in oral disease.
Fusobacterium nucleatum subsp. vincentii
gram-negative, anaerobic rod

increased amounts after three weeks of plaque accumulation;
commonly isolated from subgingival plaque; one of the most
frequently detected organisms in infected root canals; most
common periodontal pathogen found in clinical infections of a
variety of body sites

Porphyromonas gingivalis
gram-negative, anaerobic pleiomorphic
rod

designated as a periodontal pathogen by the 1996 World
Workshop in Periodontics; frequently isolated from subgingival
plaque samples in patients with adult and other forms of
periodontitis; increased proportion of the total microflora in
subgingival sites associated with periodontitis; virulence factors
include collagenase, acid phosphatase, capsular polysaccharide,
and a weak endotoxin; has the ability to enter mammalian cells;
successfully reduced in sites that were treated for periodontal
disease but is often encountered in sites where disease
re-occurs after therapy; strains with different virulence
properties exist; associated with malodor

Prevotella intermedia
gram-negative, anaerobic rod

associated with moderate to severe gingival inflammation,
acute necrotizing ulcerative gingivitis (ANUG), and chronic
adult periodontitis; uses IgA protease as virulence factor;
associated with bleeding sites; levels above 5% of the
cultivable flora have been shown to indicate that there is an
ongoing disease process that requires treatment; associated
with malodor

Prevotella nigrescens
gram-negative, anaerobic rod

found in increased levels in gingivitis and active periodontitis

Streptococcus oralis
gram-positive, aerobic coccus

a frequent inhabitant of both the intestinal tract and the oral
cavity; shown to attach to the tooth surface during the initial
microbial colonization of the tooth; considered beneficial to the
host; when colonizing in high numbers may slow disease
progression

Treponema denticola
anaerobic spirochete

common inhabitant of subgingival plaque; increased proportion
in periodontitis; increased amounts after three weeks of plaque
accumulation; considered to be a microbiological marker of
periodontal disease
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IV.

Culturing Methods vs. DNA-DNA Hybridization
Culturing has been the “gold standard” for identification of bacteria in plaque

samples. Some bacteria, however, are extremely fastidious slow growers, such as
Bacteroides forsythus (Loesche et al., 1992 and Gersdorf et al., 1993), Treponema
denticola (Willis et al, 1999 and Loesche et al., 1992), Campylobacter concisus (Van
Etterijck et al., 1996), and Porphyromonas gingivalis (Tay et al., 1992), or uncultivable
(Loesche et al., 1992). Uncultivable or slow-growing bacteria, along with non-viable or
dead bacteria, will reduce the culture count, causing an underestimation of the amount of
a given bacterium in a plaque sample. In addition, the serial dilution anaerobic culture
procedure recovers approximately 20-70% of the microscopic count obtained from the
plaque sample (Loesche et al., 1992). Colony-forming units should stem from single
bacterial cells so that the amount of bacteria recovered in the plaque sample is accurately
reflected. However, some species tend to aggregate with other species (Socransky et al.,
1998; Lie et al., 1998; Tanner et al., 1998; Moore and Moore, 1994; and Gersdorf et al.,
1993), thus leading to colonies that originate from large bacterial aggregates (Papapanou
et al., 1997). The method used to separate the individual bacteria from each other, as
well the media and anaerobic nature of the culture, can also reduce the culture count
(Papapanou et al., 1997). In fact, Loesche et al. (1992) found that “the ... anaerobic
culturing procedure appeared to be the poorest detection method ...” (Loesche et al.,
1992). For these reasons, new techniques for identifying bacteria in plaque samples have
been developed.
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The use of nucleic acid probes for the identification of bacteria in plaque samples
is one such new technique. Probes can be complementary to 16S rRNA (Gersdorf et ah,
1993 and Dix et ah, 1990) or they can be whole genomic DNA labeled with 32P (Loesche
et ah, 1992) or digoxigenin (Socransky et ah, 1994). Loesche et al. demonstrated that
whole genomic DNA probes “can reliably detect P. gingivalis, T. denticola, and B.
forsythus” in plaque samples (Loesche et al, 1992). This was confirmed by Tay et al.
(1992) and Gersdorf et al. (1993). DNA probes appear to be able to identify bacterial
species below the detection limit of cultural assays, since probe detection limits are lower
than cultural detection limits (Tanner et al., 1998). In addition, probes are able to detect
dead or otherwise non-viable bacteria in plaque samples (Papapanou et al., 1997 and
Loesche et al., 1992), even though these bacteria may not be associated with active
disease. It seems that the most important factor in reliable detection of bacteria with
whole genomic DNA probes is the stringency of the hybridization process (Papapanou et
al., 1997).

V.

Description of Project
A study was commisioned through the Loma Linda University Dental School to

examine the microbiological changes of plaque flora in patients that used one of four
mouthrinses: Rembrandt™ mouthrinse, Rembrandt™ mouthrinse with Peroxide and
Fluoride, Peridex, and a placebo. The two Rembrandt™ mouthrinses are the mouthrinses
under investigation. The Peridex mouthrinse acted as a positive control, and the placebo
was used as a negative control.
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To date, only two mouthrinses have received the Seal of Acceptance from the
American Dental Association. They are Listerine, with phenolic-related essential oils as
the active ingredient, and Peridex, with chlorhexidine as the active ingredient. Both
mouthrinses have proven effective in reducing plaque and gingivitis (Lusk et ah, 1974;
Fomell et ah, 1975; Loe et ah, 1976; Gordon et ah, 1985; DePaola et ah, 1989; and
Banting et ah, 1989).
Essential oils seem to have limited effectiveness and have not been shown to be
definitively effective when compared to other antiseptic agents (Siegrist et ah, 1986;
Mankodi et ah, 1990; Overholser et ah, 1990). They also contain alcohol, which is a
particular concern for recovering alcoholics and families with young children. Essential
oils also cause side effects, such as an initial burning sensation and a characteristic
medicinal, bitter taste (Mandel, 1994 and Fischman, 1994).
Chlorhexidine is a very effective active ingredient, but has some undesirable side
effects, including staining teeth brown and an unpleasant taste (Mandel, 1994 and
Fischman, 1994). It may also alter the taste sensations of the patient and cause
desquamation of tissue. In addition, a 30 minute interval between toothbrushing and
using the chlorhexidine mouthrinse is required because sodium lauryl sulfate, a common
ingredient in toothpaste, can inactivate chlorhexidine (Barkvoll et ah, 1989 and Mandel,
1994).
Rembrandt™ mouthrinse is an alcohol-free mouthrinse that is currently on the
market. It has been found to have antibacterial activity in vitro (Li et ah, 1994a; Yankell
et ah, 1994; and Stephens and Kettering, 1997). Toxicology studies also indicate that it is
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safe for human use (Li et aL, 1994b). The in vivo efficacy of the mouthrinse needed to be
demonstrated, and this study provided the data for such an evaluation.
The patient plaque samples were randomly assigned to one of the following
groups: Rembrandt™ mouthrinse (group A), a placebo (group B), Rembrandt™
mouthrinse with Peroxide and Fluoride (group C), and Peridex mouthrinse (group D).
DNA was isolated from each of the 197 patient plaque samples, representing the four
treatment groups. The DNA from the plaque samples was isolated because the plaque
samples contain bacteria. Genomic DNA from the 15 bacterial species listed above was
isolated in order to construct the whole genomic digoxigenin probes. Phenol-chloroform
extraction was used to isolate both the bacterial DNA and the plaque sample DNA.
Digoxygenin labeled whole genomic bacterial probes were constructed and used
to probe the patient plaque sample DNA to determine the presence or absence of the
respective bacteria in the plaque sample. The bacterial DNA probes were constructed by
random labeling with digoxigenin using the DIG Genius Labeling and Detection Kit
(Boehringer Mannheim, Indianapolis, Indiana).
The checkerboard DNA-DNA hybridization technique (dot blot) was used to
probe the patient plaque samples with the 15 bacterial probes to establish the presence or
absence of the bacterial DNA. A colorimetric reaction took place if bacterial DNA is
present in the plaque sample DNA. A value from 0 through 3 was given to each
colorimetric reaction after the dot blot was completed based on the intensity of the
reactions.

CHAPTER 2
MATERIALS AND METHODS

Brent Arnold, PhD., did much of the developmental work to determine the
effectiveness of the protocols for the DNA extractions and the dot blot procedure. He
was responsible for the solving of any of the problems that arose. I performed the
majority of the DNA extractions and dot blots with some assistance from Ray Aprecio.
He performed six plaque sample DNA extractions and two dot blots, which analyzed
fourteen plaque samples for bacterial presence.

I.

Identification of Samples
Plaque samples were collected from each patient at the beginning of the study

(baseline), after three months, and after six months. A total of 197 plaque samples were
collected. They are listed in Table 2 (Patient Plaque Samples). On subsequent tables, the
baseline samples have no suffix, the 3 month samples are denoted by -II, and the 6 month
samples are denoted by -III. Patients in this six-month, four-cell, double-blind study
were placed in a random fashion into one of four groups, each representing one of the
above-mentioned mouthrinses. The double-blind code was broken after all of the results
were obtained.
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Table 2. Identification of plaque samples and collection times.
Baseline
8
13
14
16
17
20
22
25
27
28
30
31
32
35
36
38
43
44
45
46
47
48
51
53
55
56
60
61
65
66
69
71
73
76
89

3 Months
8
13
14
16
17
20
22

6 Months
8
13
14

27
28
30

27
28
30

32
35
36
38
43

32
35
36
38
43
44
45
46
47
48
51
53
55
56
60
61
65
66
69
71

45
46
47
48
51
53
55
56
61
65
66
69
71
73
76
83
89

17
20
22

74
76
83
89

Baseline
100
106
110
111
117
119
120
121
122
133
134
138
153
155
164
165
180
182
190
193
195
198
199
200
202
204
206
208
219
221
222
224
231
233
234
239

3 Months
100
106
110
111
117
119
120

6 Months
100
106
110
111
117
119
120

122
133
134
138
153
155
164
165
180
182
190
193

122
133
134
138
153
155
164
165
180
182
190

198
200

200

204
206

204
206
208
219
221
222
224
231
233
234
239

219
221
222
224
231
233
234
239
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Each volunteer signed an informed consent approved by the Institutional Review
Board of Loma Linda University. Volunteers were identified by advertising in local
communities and at the university. The participants represented typical users of the
mouthrinses. They were interviewed by phone as to the likelihood of participating in the
study and their responsibilities if they choose to participate. Inclusion criteria included:
the ability to understand and sign the informed consent, good general health as evidenced
by medical history, aged between 18 and 65, a minimum of twenty natural teeth, a nonsmoker, and availability for the duration of the study and periodic examinations.
Exclusion criteria included: chronic concomitant medications that would affect gingival
health (e.g., Dilantin or steroids), requirement for prophylactic antibiotic coverage for
dental procedures, chronic infectious disease with oral manifestations that would
jeopardize his/her health or that of other health care providers, gross pathological changes
of oral soft tissues, suspected or known allergy to chlorhexidine gluconate, antibiotic
therapy within the last 30 days, difficulty in complying with recalls (extensive travel
commitments, lack of transportation, dislike for the mouthrinse flavor), presence of
orthodontic appliances and/or removable partial dentures, current participation in another
clinical trial or panel test, active or untreated periodontal diseases, professional
prophylaxis within one month prior to the initiation of the study, and the use tobacco
products. The procedures of the study were fully explained to the subjects before the
study began.
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II.

Phenol: Chloroform DNA Isolation
The phenol:chloroform DNA isolation was done to extract the bacterial DNA

from the patient plaque samples as well as from the bacteria.
A. Bacterial DNA Isolation
A modified protocol from Molecular Cloning (Sambrook et ah, 1989) was used.
The detailed protocol is as follows.
Approximately 2 ml of bacteria broth culture grown for 7 days was placed in a 2
ml microcentrifuge tube (Fisher Scientific, Pittsburgh, PA) and centrifuged at 14,000 rpm
for 15 minutes. The supernatant was discarded, and the pellet was washed with 0.1 mM
Tris-EDTA (TE) buffer. It was centrifuged again at 14,000 rpm for 5 minutes. The
supernatant was removed and 0.1 mM TE, 0.1% sodium dodecyl sulfate (SDS), and 100
pg/ml of proteinase K (Sigma, St. Louis, MO) were added. The sample was incubated at
37°C overnight with vigorous shaking. After the overnight incubation, the sample was
centrifuged at 14,000 rpm for 15 minutes. The supernatant was removed and placed in a
phenol-safe tube. An equal volume of phenol (Fluka, Ronkonkoma, NY) was added and
the sample was mixed vigorously and centrifuged at 14,000 rpm for 5 minutes. The
organic layer was removed and discarded. An equal volume of phenol was added to the
aqueous layer and the sample was mixed vigorously and centrifuged at 14,000 rpm for 5
minutes. The organic layer was removed and discarded. The phenol extraction was
repeated if the aqueous layer was turbid. An equal volume of chloroform (Fisher
Scientific, Pittsburgh, PA) was added to the aqueous layer. The sample was mixed
vigorously and centrifuged at 14,000 rpm for 5 minutes. The organic layer was removed
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and discarded. Sodium acetate was added to a final concentration of 0.3 M and the
sample was mixed by gentle inversion. Two volumes of 95% ethanol were added and the
sample was mixed gently. Twenty micrograms of glycogen (Sigma, St. Louis, MO) were
added and the sample was mixed gently until the DNA/glycogen precipitated. The
sample was centrifuged at 14,000 rpm for 15 minutes. The supernatant was removed and
discarded and the pellet was washed with 1 ml of 70% ethanol and centrifuged at 14,000
rpm for 5 minutes. The supernatant was removed and discarded and the pellet was air
dried for one hour. The DNA pellet was then resuspended in 0.1 mM TE. The
concentration and purity of the DNA was determined by absorbance using a
spectrophotometer. The 260 O. D. value allowed the concentration of DNA in the
sample to be determined. A 260 O. D. value of 1 equals 50 pg of double-stranded DNA.
The 260 value was multiplied by 50 and divided by the sample size (0.1 ml) to determine
the concentration of DNA. The 260/280 value gives an indication of the purity of DNA.
A 260/280 O. D. value of less than 1.5 meant that the sample was contaminated with
proteins, and a 260/280 O. D. value of more than 1.8 meant that the sample was
contaminated with RNA. The samples were stored at -20°C.
Heavy phase lock gel (5 Prime —» 3 Prime, Inc., Boulder, CO) was also used for
bacterial DNA extraction. It is a gel that forms a barrier between the aqueous and
organic phases during the DNA extraction, facilitating the removal of the aqueous layer.
The company reports that this technique results in higher yields of DNA and greater
purity than phenolxhloroform extraction. The protocol was supplied by the
manufacturer.
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To test the efficacy of the phase lock gel, approximately 2 ml of bacteria broth
culture was placed in a 2 ml microcentrifuge tube, which was then centrifuged at 14,000
rpm for 15 minutes. The supernatant was discarded and the pellet was washed with 0.1
mM Tris-EDTA (TE) buffer. It was then centrifuged at 14,000 rpm for 5 minutes. The
supernatant was removed and 0.1 mM TE, 0.1% sodium dodecyl sulfate (SDS), and 100
pg/ml of proteinase K (Sigma, St. Louis, MO) were added. The sample was incubated at
37°C overnight with vigorous shaking. After the overnight incubation, the sample was
centrifuged at 14,000 rpm for 15 minutes. Three hundred microliters of the heavy phase
lock gel was added to a 2 ml phenol safe microcentrifuge tube and centrifuged at 14,000
rpm for 30 seconds. Approximately 300-400 pi of the bacterial supernatant was removed
and added to the microcentrifuge tube containing the heavy phase lock gel. Equal
amounts of a phenol:chloroform mixture were added to the microcentrifuge tube, which
was mixed vigorously. The mixture was centrifuged at 14,000 rpm for 2 minutes to
separate the aqueous and organic phases. The aqueous phase was decanted to a fresh 2
ml microcentrifuge tube containing 300 pi of the heavy phase lock gel that has been
centrifuged at 14,000 rpm for 30 seconds, as described above. Equal amounts of a
phenol:chloroform mixture were added to the microcentrifuge tube, which was mixed
vigorously and centrifuged at 14,000 rpm for 2 minutes. The aqueous phase was
decanted to a fresh 2 ml microcentrifuge tube, and sodium acetate was added to a final
concentration of 0.3 M. The procedure is then continued as described above for bacterial
DNA isolation.
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B. Patient Plaque Sample DNA Isolation
The plaque samples were collected from study volunteers by dental hygienists at
the Loma Linda University School of Dentistry and placed in a test tube containing 1.0
ml of saline. The samples were stored at -20°C until the DNA could be isolated.
The plaque sample DNA isolation procedure (Smith, et ah, 1989) is the same as
that for the bacterial DNA isolation, except that the entire plaque sample was removed
from the original test tube (including the saline in which the plaque sample was stored)
and placed into a 2 ml microcentrifuge tube. The sample was centrifuged at 14,000 rpm
for 15 minutes, and the process is continued as described in the bacterial DNA isolation
procedure. Rewashing, if necessary due to 260/280 O. D. values of less than 1.4 or more
than 1.8, began with adding sodium acetate to 0.3M and proceeds through the
resuspension of the DNA in TE.
C. RNase Digestion
This protocol was provided by Gladys Alexandre (Loma Linda University). The
RNase (Sigma, St. Louis, MO) was diluted 1:1000 in the DNA sample and incubated for
one hour at 37°C with agitation. An equal volume of phenol was added and the sample
was mixed vigorously and centrifuged at 14,000 rpm for 5 minutes. The organic layer
was removed and discarded. An equal volume of phenol was added to the aqueous layer
and the sample was mixed vigorously and centrifuged at 14,000 rpm for 5 minutes. The
organic layer was removed and discarded. The phenol extraction was repeated if the
aqueous layer was turbid. An equal volume of chloroform was added to the aqueous
layer. The sample was shaken vigorously and centrifuged at 14,000 rpm for 5 minutes.
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The organic layer was removed and discarded. Sodium acetate was added to a final
concentration of 0.3 M and the sample was mixed by slow inversion. Two volumes of
95% ethanol were added and the sample was gently inverted until the DNA precipitated.
The sample was centrifuged at 14,000 rpm for 15 minutes and the supernatant was
removed and discarded. The pellet was washed with 1 ml of 70% ethanol and
centrifuged at 14,000 rpm for 5 minutes. The supernatant was removed and discarded
and the pellet was air dried for one hour at room temperature. The DNA was then
resuspended in 0.1 mM TE. The concentration and purity of the DNA was determined by
absorbance using the spectrophotometer. The samples were stored at -20°C.

III.

Digoxygenin-Labeled Whole Genomic Bacterial Probe Construction
The probes were constructed according to the manufacturer’s instructions to probe

the plaque sample DNA to determine the presence or absence of bacterial DNA in the
plaque samples. The DIG Genius Labeling and Detection Kit (Boehringer Mannheim,
Indianapolis, IN) was used.
One micro gram of bacterial template DNA was diluted to a total volume of 15 pi
using deionized water. The template DNA was denatured by heating in a boiling water
bath for 10 minutes. The template DNA was then quickly chilled on ice to maintain the
DNA in a single-stranded state. Hexanucleotide mix, deoxynucleotidetriphosphate mix,
and Klenow enzyme were added in order and mixed. The probes were incubated at 37°
overnight. 0.2 M EDTA was added to stop the reaction. The probe was used directly or
stored at -20°C.
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IV.

Dot Blot
The dot blot (Socransky et ah, 1994) was used instead of culturing techniques to

identify bacterial species in plaque samples because some etiologic bacteria are either
uncultivable or very difficult to culture. It provides a more reliable technique for
identifying hard-to-culture bacteria in plaque samples. The complete protocol is as
follows.
A. DNA transfer to nylon membrane
All parts of the Dot Blot Microfilter apparatus (Bio-Rad Laboratories, Hercules,
CA) were washed with deionized water. A positively charged nylon membrane
(Boehringer Mannheim, Indianapolis, IN) was cut to fit the apparatus. A grid
corresponding to the wells of the Dot Blot apparatus was drawn on the membrane using a
waterproof pen to denote where the sample DNA was transferred to the membrane. The
membrane was soaked in deionized water. One microgram of patient sample DNA per
well was denatured in 500 pi of 0.4 M NaOH and boiled for 5 minutes. One microgram
of pBR322 DNA (positive control) per well was also denatured in 500 pi of 0.4 M NaOH
and boiled for 5 minutes. The dot blot apparatus was assembled with grid on the wet
membrane lined up with the wells of the apparatus. Sodium hydroxide (0.4 M) was
added to each well and filtered through by vacuum. The denatured patient samples were
added to each well and filtered through by vacuum. Sodium hydroxide (0.4 M) was
added to each well and filtered through by vacuum. The vacuum was turned off and the
membrane was removed and neutralized by placing it in 2X SSC. The nylon membrane
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was air dried for overnight to fix the DNA on the membrane. The membrane was used
for hybridization or stored at 4°C.
B. Hybridization with digoxigenin-labeled bacterial probes
The membrane was cut into vertical strips corresponding to the probes (1 probe
per membrane strip). The membrane strips were pre-hybridized by placing in a 15 ml
polystyrene tube (Becton Dickinson Labware, Franklin Lakes, NJ) containing 15 ml of
hybridization solution (see Appendix 1). The tubes were incubated at 68°C for 15
minutes with gentle agitation to ensure that all surfaces of the nylon membrane were
exposed to the hybridization solution equally. The pre-hybridization solution was
decanted, and 15 ml of hybridization solution per membrane strip was heated to 68°C and
added to the membrane strips. The DNA probes were denatured by boiling for 5 minutes.
The probes were centrifuged at 14,000 rpm after boiling and immediately added to the
respective tubes to prevent the DNA strands from re-annealing. The tubes were
incubated at 68°C overnight with gentle agitation to ensure that all surfaces of the
membrane strips were exposed to the hybridization solution and probe equally. After
hybridization, the membrane strips were washed twice with wash solution #1 (see
Appendix 1) at 68°C for 30 minutes each. The membrane strips were washed twice with
wash solution #2 (see Appendix 1) at 68°C for 30 minutes each. At this point, the
membrane was stored at 4°C if immunological detection was not performed.

40

C. Immunological Detection
The DIG Genius Labeling and Detection Kit and Wash and Block Buffer Kit
(Boehringer Mannheim, Indianapolis, IN) were used according to the manufacturer’s
directions.
The hybridized membrane strips were washed in IX washing buffer for five
minutes. The membrane strips were incubated in IX blocking buffer for five minutes.
The anti-digoxigenin antibody/alkaline phosphatase conjugate was diluted 1:10,000 in
blocking buffer. The membrane strips were incubated in the antibody solution for 30
minutes with gentle agitation to ensure that all surfaces of the membrane strips were
exposed to the antibody solution equally. The membrane strips were washed in IX
washing buffer twice for 15 minutes each and then incubated in IX detection buffer for
five minutes. The color substrate solution was prepared by adding nitroblue tetrazolium5-bromo-4-chloro-3-indolylphosphate toluidinium (NBT-BCIP) solution to the IX
detection buffer in the dark. The membrane strips were incubated in the color substrate
solution in a sealed plastic bag at room temperature overnight in the dark. The membrane
strips were washed in deionized water for five minutes when the desired signal intensity
was achieved. The membrane strips were scanned into a computer and the colorimetric
reactions were analyzed using Adobe Photoshop, with the intensity of the pBR322
control DNA reaction with each individual probe removed from the intensities of the
patient samples for that particular probe. A value from 0 to 3 was assigned to each
reaction based on its intensity (see Figure 1). All assessments were performed by a single
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Figure 1. Illustration of approximate color development in dot blots and numerical (0-3)
assignment.
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examiner (see Appendix 2 for representative dot blots). The membrane strips were stored
wet in a sealed plastic bag at room temperature.
V. Re-probing
Re-probing of the membranes was done when there was not a sufficient quantity
of patient sample DNA to be probed by all 15 bacterial probes at the same time. It
necessitated removing the color precipitate and stripping the probe from the membrane.
This was done according to the protocol in The DIG System User’s Guide for Filter
Hybridization by Boehringer Mannheim.
A large glass beaker of dimethylformamide (VWR, San Diego, CA) was heated to
50-60°C in a water bath inside a fume hood. The membranes to be re-probed were
incubated in the heated DMF until the blue color was removed. The membranes were
then rinsed thoroughly in deionized water and incubated in alkaline probe-stripping
solution (see Appendix 1) at 37°C twice for 10 minutes each. The membranes were
rinsed thoroughly in 2X SSC and were used for hybridization immediately or stored in
2X SSC.

CHAPTER 3
RESULTS

A total of 197 plaque samples were collected. They are identified in Table 2.
Two plaque samples (017-11 and 224-III) were lost during the DNA extraction process.
Neither sample had an aqueous phase after the chloroform step. Another sample (190-11)
was lost before the extraction process began. Several samples required re-washing (013III, 014, 014-11, 017-III, 20-11, 20-III, 25, 30-11, 31, 36-11, 38, 38-11, 43-11, 46, 53-11, 53III, 55-11, 56-11, 65-11, 66-11, 71-11, 73-11, 76-11, 83-11, 100-11, 117-11, 120-11, 155-11, 165II, 182, 193, 195, 198, 199, 200, 202, 204, 206-11, 208, 219, 221, 221-11, 222-11, 224, 224II, 231, 233, 233-11, and 239-11). See Table 3 for the spectrophotometric data for the
plaque samples.
RNase digestion was required for S. oralis and E. coli since their 260/280 values
were over 2.0. See Table 4 for the spectrophotometric data for the bacteria.
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Table 3a. Spectrophotometric data for patient plaque samples.
DNA
260/280
Patient Samples Concentration
value
(ug/ul)

8

0.302

1.4294

8-II

0.132

1.3598

8-III

0.094

1.4945

13
13-11
13-III (before re
wash)

DNA
260/280
Patient Samples Concentration
value
(ug/ul)

20
20-11 (before re
wash)
20-11 (after re
wash)
20-III (before re
wash)
20-III (after re
wash)

0.363

1.9312

0.067

1.3329

0.258

1.3534

0.06

1.3442

0.18

1.4417

0.159
0.075

1.696
1.6063

0.086

1.4639

22

0.481

1.9437

0.072

1.437

22-11
22-III

0.12
0.12

1.8267
1.4917

0.191

1.3893

14 (after re-wash)
14-11 (before re
wash)
14-11 (after re
wash)
14-III
16
16-11

0.017

1.3775

25 (before re
wash)

0.196

1.3675

0.093

1.4065

25 (after re-wash)

0.063

1.4923

0.047
0.092
0.245
0.202

1.28
1.398
1.8712
1.5248

27
27-11
27-III

0.588
0.199
0.171

1.687
1.6103
1.8138

17
17-11
17-III (before re
wash)
17-III (after re
wash)

0.373
N/A

1.5893
N/A

28
28-11

0.142
0.105

1.4727
1.562

0.108

1.3856

28-III

0.043

1.6951

0.079

1.5931

13-III (after re
wash)

14 (before re
wash)
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Table 3b. Spectrophotometric data for patient plaque samples.
DNA
260/280
Patient Samples Concentration
value
(ug/ul)

30

0.196

1.5849

30-11 (before re
wash)

0.112

1.348

0.049

1.2336

30-III

0.088

1.4537

31 (before re
wash)

0.194

1.4401

31 (after re-wash)

0.097

1.555

32
32-11
32-III

0.487
0.109
0.063

1.452
1.4211
1.4743

35
35-11
35-III

0.215
0.051
0.125

1.655
1.671
1.5562

0.058

1.4648

0.016

1.6709

0.073

1.6281

36-III

38 (before re
wash)

0.515

1.6963

0.307

1.8985

0.365

1.3416

38-11 (after re
wash)
38-III

0.068
0.137

1.4182
1.5401

43

0.393

1.5593

38 (after re-wash)

30-11 (after re
wash)

36-11 (before re
wash)
36-11 (after re
wash)

DNA
260/280
Patient Samples Concentration
value
(ug/ul)

38-11 (before re
wash)

43-11 (before re
wash)
43-11 (after re
wash)
43-III

0.212

1.37

0.076
0.058

1.4336
1.5072

44
44-III

0.281
0.039

1.5724
1.3673

45
45-11

0.089
0.121

1.3916
1.8067

45-III

0.075

1.5467

46 (before re
wash)

0.03

1.1249

46 (after re-wash)
46-11
46-III

0.009
0.018
0.03

1.615
1.3595
1.3047
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Table 3c. Spectrophotometric data for patient plaque samples.
DNA
260/280
Patient Samples Concentration
value
(ug/ul)
47
47-11
47-III

0.197
0.205
0.109

1.3424
1.4574
1.6

48
48-11
48-III

0.245
0.136
0.069

1.4806
1.4705
1.5362

61
61-11
61-III

0.18
0.308
0.035

1.5623
1.4387
1.7022

65

0.173

1.6759

1.5539
1.8742

0.14
0.084

1.629
1.5483

0.343

1.762

66

0.073

1.6151

0.16

1.4063

66-11 (before re
wash)

0.157

1.3799

0.386

1.3479

66-III

0.025

1.7676

0.15
0.163

1.7048
1.5368

0.082

1.629

51-11
51-III

0.172
0.233

53
53-11 (before re
wash)

56-11 (before re
wash)
56-11 (after re
wash)
56-III

1.8184
1.5073

1.4711

1.6886

56

0.224
0.11

0.329

0.302

53-III (before re
wash)
53-III (after re
wash)

60
60-III

65-11 (before re
wash)
65-11 (after re
wash)
65-III

51

53-11 (after re
wash)

DNA
260/280
Patient Samples Concentration
value
(ug/ul)

0.071

1.3843

0.075

1.3759

0.066

1.4526

66-11 (after re
wash)

0.333

1.5453

69
69-11

0.039

1.3388

69-III

0.045
0.222

1.4526
1.6371
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Table 3d. Spectrophotometric data for patient plaque samples.
DNA
260/280
Patient Samples Concentration
value
(ug/ul)

DNA
260/280
Patient Samples Concentration
value
(ug/ul)

71

0.172

1.9016

71 -II (before re
wash)

0.082

1.3039

71 -II (after re
wash)
71-III

0.036
0.221

1.4351
1.6139

100-11 (before re
wash)
100-11 (after re
wash)
100-III

100

0.296

1.5003

0.261

1.5317

0.066
0.109

1.517
1.7683

73
73-11 (before re
wash)
73-11 (after re
wash)

0.18

1.5731

106

0.261

1.4605

0.281

1.3602

106-11

0.201

1.436

0.25

1.381

106-III

0.094

1.5538

74-III

0.07

1.6538

76

0.29

1.8484

110
110-11
110-III

0.61
0.08
0.105

1.6783
1.3765
1.5504

0.26

1.4432

0.246
0.069

1.3569
1.7315

111
111-11
lll-III

0.328
0.06
0.127

1.4424
1.7395
1.6331

0.149

1.3273

0.091

1.2988

117

0.466

1.7249

1.4659

117-11 (before re
wash)

0.251

1.4117

0.216

1.383

0.031

1.378

76-11 (before re
wash)
76-11 (after re
wash)
76-III

83-11 (before re
wash)
83-11 (after re
wash)
83-III

89
89-11
89-III

0.067

0.34
0.221
0.24

1.7909
1.5046
1.703

117-11 (after re
wash)
117-III
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Table 3e. Spectrophotometric data for patient plaque samples.
DNA
260/280
Patient Samples Concentration
value
(ug/ul)

DNA
260/280
Patient Samples Concentration
value
(ug/ul)

119
119-11
119-III

0.326
0.065
0.116

1.6401
1.6359
1.4649

138
138-11
138-III

0.129
0.322
0.204

1.7646
1.5346
1.7748

120
120-11 (before re
wash)
120-11 (after re
wash #1)

0.083

1.5364

153

0.278

1.8687

0.09

1.4046

153-11

0.151

1.3557

0.1

1.1276

153-III

0.137

1.8133

0.09
0.053

1.2839
1.3354

155

0.584

1.8089

0.067

1.3936

0.07
0.006

1.1581
1.5984

164
164-11
164-III

0.061
0.191
0.058

1.6763
1.7253
1.5402

165

0.097

1.5671

0.151

1.3873

0.286
0.033

1.3555
1.619

120-11 (after re
wash #2)
120-III

121

0.124

1.6868

122
122-11
122-III

0.128
0.288
0.065

1.4549
1.4954
1.5772

133
133-11

0.447
0.267

1.9906
1.6749

133-III

0.221

1.7086

134
134-11
134-III

0.184
0.341
0.067

1.7114
1.5438
1.6376

155-11 (before re
wash)
155-11 (after re
wash)
155-III

165-11 (before re
wash)
165-11 (after re
wash)
165-III
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Table 3f. Spectrophotometric data for patient plaque samples.
DNA
260/280
Patient Samples Concentration
value
(ug/ul)

180

0.254

1.7102

180-11
180-III

0.074
0.165

1.5771
1.3794

182 (before re
wash)
182 (after re
wash)
182-11
182-III

0.149

1.37

0.056
0.155
0.037

1.4119
1.8775
1.684

190
190-11

0.603
N/A

1.6282
N/A

190-III

0.1

1.7342

193 (before re
wash)
193 (after re
wash)
193-11
195 (before re
wash)
195 (after re
wash)
198 (before re
wash)
198 (after re
wash)
198-m

DNA
260/280
Patient Samples Concentration
value
(ug/ul)
199 (before re
wash)
199 (after re
wash)

0.637

1.4047

0.052

1.8742

200 (before re
wash)
200 (after re
wash)

1.264

1.3678

0.314

1.8956

200-11
200-III

0.096
0.106

1.5754
1.8574

1.067

1.4969

0.288

1.8962

0.142

2.0146

0.391

1.9186

202 (before re
wash)
202 (after re
wash)
204 (before re
wash)
204 (after re
wash)

0.826

1.392

204-11

0.06

1.7409

0.042
0.067

1.6691
1.7327

204-III

0.073

1.4905

206
206-11 (before re
wash)
206-11 (after re
wash)
206-III

0.227

1.682

0.052

1.4379

0.029
0.042

1.2058
1.6454

0.169

1.4227

0.087

1.8198

0.607

1.4272

0.219
0.141

1.6942
1.7862
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Table 3g. Spectrophotometric data for patient plaque samples.
DNA
260/280
Patient Samples Concentration
value
(ug/ul)

DNA
260/280
Patient Samples Concentration
value
(ug/ul)

208 (before re
wash)
208 (after re
wash)
208-III

231 (before re
wash)
231 (after re
wash)
231-11
231-III

0.976

1.4307

0.34
0.331

1.8334
1.8876

0.712

1.3711

0.05

1.6983

219-11

0.208

1.4399

219-III

0.044

1.4916

219 (before re
wash)
219 (after re
wash)

221 (before re
wash)
221 (after re
wash)
221-11 (before re
wash)
221-11 (after re
wash)
221-III
222
222-11 (before re
wash)
222-11 (after re
wash)
222-III
224 (before re
wash)
224 (after re
wash)
224-11 (before re
wash)
224-11 (after re
wash)
224-III

0.82

1.5685

0.533
0.118
0.067

1.8841
1.7405
1.743

0.973

1.4631

0.249

1.9328

0.109

1.3895

0.104

1.4911

233-III

0.074

1.4827

233 (before re
wash)
233 (after re
wash)
233-11 (before re
wash)
233-11 (after re
wash)

0.153

2.0704

0.281

1.9561

0.05

1.3114

234

0.157

1.5084

0.102
0.077

1.3912
1.3802

234-11
234-III

0.162
0.086

1.4759
1.539

0.099

1.946

0.053

1.7056

0.2

1.4027

0.143

1.3578

0.342
0.039

1.3653
1.6277

239
239-11 (before re
wash)
239-11 (after re
wash)
239-III

0.272
0.105

1.3319
1.4079

0.801

1.4505

0.309

1.6735

0.184

1.3458

0.145
N/A

1.4182
N/A
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Table 4. Spectrophotometric data for bacteria.
DNA
Concentration
(ug/ul)

260/280
value

A. israelii

0.134

1.7793

A. naeslundii #1
A. naeslundii #2

0.089
0.259

1.691
1.3983

B.forsythus #1
B.forsythus #2

0.097
0.087

1.3836
1.4216

C. concisus #1

0.106

1.3984

C. rectus #1
C. rectus #2

0.079
0.087

1.5085
1.5182

C. sputorum subsp. sputorum

0.218

1.8398

E. corrodens #1
E. corrodens #2

0.049
0.201

1.6148
1.3046

E. coli (before RNase)
E. coli (after RNase)

14.54
1.33

2.1691
1.3774

E. brachy #1
E. brachy #2

0.087
0.105

1.4462
1.4473

F. nucleatum subsp. vincentii

0.13

1.3553

P. gingivalis #1
P. gingivalis #2

0.069
0.089

1.4078
1.4447

P. intermedia #1
P. intermedia #2

0.076
0.088

1.3865
1.414

P. nigrescens #1
P. nigrescens #2

0.071
0.25

1.3853
1.3378

S. oralis (before RNase)
S. oralis (after RNase)

11.28
1.22

2.0823
1.6416

T. denticola

0.135

1.4875

Bacteria
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A darker intensity of the colorimetric reaction is assumed to mean that there is a
higher concentration of bacteria present in that sample, since a darker intensity reaction
would indicate that more of the labeled probe was present. A high concentration of
labeled probe would indicate that there was a higher concentration of bacterial DNA in
the plaque sample. However, this may not be absolute, since no titration or limiting
studies were done. For example, DNA could have been extracted from bacterial cultures
with different O.D. values and probed with digoxigenin labeled probes for the specific
bacteria. This would correlate a specific number of bacteria with a specific intensity of
the colorimetric reaction, which could then be assigned a value from 0 to 3 (see
Socransky, 1994). This evaluation wasn’t done because this project only required a semiquantitative detection of the presence or absence of bacteria, not specific amounts of
bacteria. The actual dot blot numerical value assignments (see Figure 1) for each sample
are recorded in Tables 5-8.
Statistical analyses were then done using the dot blot values assigned to each
patient sample for each bacterium. The nonparametric sign test with a significance level
of oc=0.05 was used to compare the samples taken at different times (zero, 3 months, and
6 months) within each mouthrinse group. This test was used because it allowed for the
comparison of two related samples without an assumption of normal sample distribution.
The statistical data is presented in Tables 9-23.
Statistical analyses of A. israelii, A. naeslundii, B. forsythus, E. coli, E. corrodens,
P. nigrescens, and T. denticola showed no significant differences between the baseline, 3month, and 6-month samples for any of the mouthrinse groups (see Tables 9-15).
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Table 5a. Plaque samples in the Rembrandt group with dot blot
numerical values.
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25

011000130101000

27
27-11
27-III

002111110121011
011100110101000
012100021000100

30
30-11
30-m

001100122111100
111000011011010
000000000000000

43
43-11
43-m

000000000000001
00010010101 1000
000000000001011
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Table 5b. Plaque samples in the Rembrandt group with dot blot
numerical values.
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Table 6a. Plaque samples in the placebo group with dot blot
numerical values.
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Table 6b. Plaque samples in the placebo group with dot blot
numerical values.
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Table 7a. Plaque samples in the Rembrandt mouthrinse with
Peroxide and Fluoride group with dot blot numerical values.
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Table 7b. Plaque samples in the Rembrandt mouthrinse with
Peroxide and Fluoride group with dot blot numerical values.
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Table 8a. Plaque samples in the Peridex mouthrinse group with
dot blot numerical values.
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Table 8b. Plaque samples in the Peridex mouthrinse group with
dot blot numerical values.
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Table 9. Comparison of mouthrinses with A. israelii over time (non-parametric sign test).
Mouthrinse

0 vs. 3 months

3 vs. 6 months

0 vs. 6 months

A

NSD(p=0.125)

NSD(p=0.375)

NSD(p=1.000)

B

NSD (p=0.289)

NSD (p=0.453)

NSD (p=l .000)

C

NSD p=(1.000)

NSD (p=0.125)

NSD(p=0.180)

D
NSD (p=l .000)
NSD = No significant difference

NSD (p=l .000)

NSD (p=0.508)

Table 10. Comparison of mouthrinses with A. naeslundii over time (non-parametric sign test).

Mouthrinse

0 vs. 3 months

3 vs. 6 months

0 vs. 6 months

A

NSD (p=l .000)

NSD (p=l .000)

NSD (p=l .000)

B

NSD (p=0.267)

NSD (p=0.219)

NSD (p=l .000)

C

NSD p=(0.774)

NSD (p=0.754)

NSD (p=l .000)

D

NSD (p=0.727)

NSD (p=0.625)

NSD (p=0.549)
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Table 11. Comparison of mouthrinses with B. forsythus over time (non-parametric sign test).
Mouthrinse

0 vs. 3 months

3 vs. 6 months

0 vs. 6 months

A

NSD (p=0.125)

NSD (p=0.688)

NSD (p=0.344)

B

NSD (p= 1.000)

NSD (p=0.344)

NSD(p=0.180)

C

NSD p=(0.754)

NSD (p=0.453)

NSD (p=0.453)

D

NSD (p=l .000)

NSD (p=0.688)

NSD (p=0.375)

Table 12. Comparison of mouthrinses with E. coli over time (non-parametric sign test).

Mouthrinse

0 vs. 3 months

3 vs. 6 months

0 vs. 6 months

A

NSD (p=0.375)

NSD (p=l .000)

NSD (p=0.250)

B

NSD (p=0.688)

NSD (p=l .000)

NSD (p=0.688)

C

NSD p=(0.250)

NSD (p=0.500)

NSD (p=l .000)

D

NSD (p=0.500)

NSD (p=1.000)

NSD (p=0.500)
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Table 13. Comparison of mouthrinses with E. corrodens over time (non-parametric sign test).
Mouthrinse

0 vs. 3 months

3 vs. 6 months

0 vs. 6 months

A

NSD (p=0.125)

NSD (p=0.727)

NSD (p=0.727)

B

NSD (p=l .000)

NSD (p=0.180)

NSD (p=0.227)

C

NSD p=(0.180)

NSD (p=l .000)

NSD (p=0.289)

D

NSD (p=l .000)

NSD (p=0.727)

NSD (p=l.000)

Table 14. Comparison of mouthrinses with P. nigrescens over time (non-parametric sign test).
Mouthrinse

0 vs. 3 months

3 vs. 6 months

0 vs. 6 months

A

NSD (p=0.125)

NSD (p= 1.000)

NSD(p=1.000)

B

NSD (p=0.727)

NSD (p=l .000)

NSD (p=0.754)

C

NSD p=(0.375)

NSD (p=l .000)

NSD (p=0.375)

D

NSD (p=l .000)

NSD (p=l .000)

NSD (p=l .000)
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Table 15. Comparison of mouthrinses with T. denticola over time (non-parametric sign test).
Mouthrinse

0 vs. 3 months

3 vs. 6 months

0 vs. 6 months

A

NSD (p=0.125)

NSD (p=1.000)

NSD (p=0.549)

B

NSD (p=0.219)

NSD (p=0.070)

NSD (p=l .000)

C

NSD p=(0.549)

NSD (p=l .000)

NSD (p=0.227)

D

NSD (p-0.727)

NSD (p=1.000)

NSD (p=0.754)
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Statistical analysis of C. concisus (Table 16) showed no significant differences
between the baseline, 3-month, and 6-month samples for Rembrandt™ mouthrinse (group
A), the placebo (group B), and Rembrandt™ mouthrinse with Peroxide and Fluoride
(group C). Peridex mouthrinse (group D) had no statistical difference for C. concisus at
the baseline and 3 months. At 6 months, Peridex mouthrinse (group D), C. concisus was
significantly lower when compared to 3 months (p=0.031) and the baseline (p=0.039).
Analysis of C. rectus (Table 17) demonstrated no significant differences between
the baseline, 3-month, and 6-month samples for Rembrandt™ mouthrinse (group A), the
placebo (group B), and Rembrandt™ mouthrinse with Peroxide and Fluoride (group C).
Peridex mouthrinse (group D) showed no statistical difference for C. rectus when
comparing the baseline and 3-month samples and the baseline and 6-month
samples. However, at 6 months with the Peridex mouthrinse (group D), C. rectus was
significantly lower compared to 3 months (p=0.021).
Statistical comparisons of C. sputorum subsp. sputorum (Table 18) detected no
significant differences between the baseline, 3-month, and 6-month samples for
Rembrandt™ mouthrinse (group A), Rembrandt™ mouthrinse with Peroxide and
Fluoride (group C), and Peridex mouthrinse (group D). The placebo (group B) showed no
statistical difference for C. sputorum subsp. sputorum when comparing the baseline and
3-month samples and the 3-month and 6-month samples. However, at 6 months with the
placebo (group B), C. sputorum subsp. sputorum was significantly lower when compared
to the baseline (p=0.022).
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Table 16. Comparison of mouthrinses with C. concisus over time (non-parametric sign test).
Mouthrinse

0 vs. 3 months

3 vs. 6 months

0 vs. 6 months

A

NSD(p= 1.000)

NSD (p=0.508)

NSD(p= 1.000)

B

NSD (p=0.180)

NSD (p=0.065)

NSD (p= 1.000)

C

NSD p=( 1.000)

NSD (p=0.453)

NSD (p=1.000)

D

NSD (p=0.727)

6 mos. is
6 mos. is
significantly lower significantly lower
than 3 mos.
than 0 mos.
(p=0.031)
(p=0.039)

Table 17. Comparison of mouthrinses with C. rectus over time (non-parametric sign test).
Mouthrinse

0 vs. 3 months

3 vs. 6 months

0 vs. 6 months

A

NSD (p=0.125)

NSD (p=0.754)

NSD (p=0.754)

B

NSD (p=0.180)

NSD (p=0.754)

NSD (p=0.344)

C

NSD p=(1.000)

NSD (p=0.375)

NSD (p=0.508)

NSD (p=0.289)

6 mos. is
significantly lower
than 3 mos.
(p=0.021)

NSD (p=0.289)

D
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Table 18. Comparison of mouthrinses with C. sputorum subsp. sputorum over time
(non-parametric sign test).
Mouthrinse

0 vs. 3 months

3 vs. 6 months

0 vs. 6 months

A

NSD (p=l .000)

NSD (p=0.688)

NSD(p=1.000)

B

NSD (p=l .000)

NSD (p=0.065)

6 mos. is
significantly lower
than 0 mos.

(p=0.022)
C

NSD p=(0.289)

NSD (p=0.180)

NSD (p=1.000)

D

NSD (p=l .000)

NSD (p=l .000)

NSD (p=0.344)
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Statistical analysis of E. brachy (Table 19) demonstrated no significant
differences between the baseline, 3-month, and 6-month samples for Rembrandt™
mouthrinse (group A), Rembrandt™ mouthrinse with Peroxide and Fluoride (group C),
and Peridex mouthrinse (group D). The placebo (group B) had no statistical difference
for E. brachy when comparing the baseline with the 3-month and 6-month samples.
However, at 6 months with the placebo, E. brachy was significantly lower when
compared to the 3-month samples (p=0.039).
Statistical comparison of F. nucleatum subsp. vincentii (Table 20) showed no
significant differences between the baseline, 3-month, and 6-month samples for
Rembrandt™ mouthrinse (group A), the placebo (group B), and Peridex mouthrinse
(group D). Rembrandt™ mouthrinse with Peroxide and Fluoride (group C) found no
statistical difference for F. nucleatum subsp. vincentii when comparing the baseline and
3-month samples and the 3-month and 6-month samples. However, at 6 months with
Rembrandt™ mouthrinse with Peroxide and Fluoride (group C), F. nucleatum subsp.
vincentii was significantly lower when compared to the baseline (p=0.008).
Statistical analysis of P. gingivalis (Table 21) showed no significant differences
between the baseline, 3-month, and 6-month samples for the placebo (group B).
Rembrandt™ mouthrinse (group A) found no statistical difference for P. gingivalis when
comparing the 3-month and 6-month samples. However, at 3 months with Rembrandt™
mouthrinse (group A), P. gingivalis was significantly lower than the baseline (p=0.012).
In addition, at 6 months with Rembrandt™ mouthrinse (group A), P. gingivalis was also
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Table 19. Comparison of mouthrinses with E. brachy over time (non-parametric sign test).
Mouthrinse

0 vs. 3 months

3 vs. 6 months

0 vs. 6 months

A

NSD (p=0.125)

NSD (p=0.727)

NSD (p=0.109)

NSD (p= 1.000)

6 mos. is
significantly lower
than 3 mos.
(p=0.039)

NSD (p=0.227)

C

NSD p=(0.180)

NSD (p=0.508)

NSD (p=0.289)

D

NSD (p=0.727)

NSD (p=0.508)

NSD (p=0.453)

B

Table 20. Comparison of mouthrinses with F. nucleatum subsp. vincentii over time
(non-parametric sign test).
Mouthrinse

0 vs. 3 months

3 vs. 6 months

0 vs. 6 months

A

NSD (p=0.754)

NSD (p=l .000)

NSD (p=0.508)

B

NSD (p=l .000)

NSD (p=0.727)

NSD (p= 1.000)
6 mos. is

C

NSD p=(0.344)

NSD (p=0.125)

D

NSD (p=l .000)

NSD (p=l .000)

significantly lower
than 0 mos.
(p=0.008)
NSD (p-1.000)
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significantly lower than the baseline (p=0.001). Analysis of Rembrandt™ mouthrinse
with Peroxide and Fluoride (group C) detected no statistical difference for P. gingivalis
when comparing the 3-month samples with the 6-month samples and the baseline
samples with the 6-month samples. However, at 3 months with Rembrandt™ mouthrinse
with Peroxide and Fluoride (group C), P. gingivalis was significantly lower than the
baseline (p=0.039). Analysis of Peridex mouthrinse (group D) found no statistical
difference for P. gingivalis when comparing the baseline and 3-month samples and the 3month and 6-month samples. However, at 6 months with Peridex mouthrinse (group D),
P. gingivalis was significantly lower when compared to the baseline (p=0.016).
Statistical analysis off3, intermedia (Table 22) showed no significant differences
between the baseline, 3-month, and 6-month samples for the placebo (group B) and
Rembrandt™ mouthrinse with Peroxide and Fluoride (group C). Rembrandt™
mouthrinse (group A) caused no statistical difference for P. intermedia when comparing
the baseline and 3-month samples and the 3-month and 6-month samples. However, at 6
months with Rembrandt™ mouthrinse (group A), P. intermedia was significantly lower
than the baseline (p=0.004). Analysis of Peridex mouthrinse (group D) detected no
statistical difference for P. intermedia when comparing the baseline and 3-month samples
and the 3-month and 6-month samples. However, at 6 months with Peridex mouthrinse
(group D), P. intermedia was significantly lower when compared to the baseline
(p=0.004).
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Table 21. Comparison of mouthrinses with P. gingivalis over time (non-parametric sign test).
Mouthrinse

0 vs. 3 months

3 vs. 6 months

0 vs. 6 months

A

NSD (p=0.125)

NSD (p= 1.000)

6 mos. is
significantly lower
than 0 mos.
(p=0.001)

B

NSD (p=0.581)

NSD (p= 1.000)

NSD (p=0.754)

C

3 mos. is
significantly lower
than 0 mos.
(p=0.039)

NSD (p=0.727)

NSD (p=0.508)

NSD (p=0.063)

6 mos. is
significantly lower
than 0 mos.
(p=0.016)

D

NSD (p=0.727)

Table 22. Comparison of mouthrinses with P. intermedia over time (non-parametric sign test).
Mouthrinse

0 vs. 3 months

3 vs. 6 months

0 vs. 6 months

A

NSD (p=0.109)

NSD (p= 1.000)

6 mos. is
significantly lower
than 0 mos.
(p=0.004)

B

NSD (p=0.453)

NSD (p=l .000)

NSD (p= 1.000)

C

NSD p=(0.289)

NSD (p=0.625)

NSD (p=0.063)
6 mos. is

D

NSD (p=0.070)

NSD (p=0.625)

significantly lower
than 0 mos.
(p=0.004)
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Statistical comparison of S. oralis (Table 23) found no significant differences
between the baseline, 3-month, and 6-month samples for Rembrandt™ mouthrinse (group
A), the placebo (group B), and Peridex mouthrinse (group D). Rembrandt™ mouthrinse
with Peroxide and Fluoride (group C) detected no statistical difference for S. oralis when
comparing the baseline with the 3-month and 6-month samples. However, at 6 months
with Rembrandt™ mouthrinse with Peroxide and Fluoride (group C), S. oralis was lower
when compared to the 3-month samples (p=0.008).
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Table 23. Comparison of mouthrinses with S. oralis over time (non-parametric sign test).
Mouthrinse

0 vs. 3 months

3 vs. 6 months

0 vs. 6 months

A

NSD (p=0.227)

NSD (p=0.727)

NSD (p=0.508)

B

NSD (p=0.344)

NSD (p=0.125)

NSD (p=0.549)

C

NSD p=(0.344)

6 mos. is
significantly lower
than 3 mos.
(p=0.008)

NSD (p=0.125)

D

NSD (p=0.625)

NSD (p=1.000)

NSD (p=0.727)
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The Mann-Whitney test with a significance level of a=0.05 was used to compare
the samples taken at different times within each mouthrinse group with the other
mouthrinse groups. This test was used because it allowed the comparison of two
independent groups with no assumption of normal sample distribution. The data is
briefly summed up in Tables 24-38.
Statistical analysis of A. israelii, B. forsythus, C. concisus, C. rectus, C. sputorum
subsp. sputorum, E. coli, E. corrodens, F. nucleatum subsp. vincentii, P. intermedia, and
P. nigrescens showed no significant differences between the mouthrinse groups over the
course of the study (see Tables 24-33).
Statistical comparisons of A. naeslundii (Table 34) discovered no significant
difference between any of the mouthrinse groups at the baseline and after three months of
the study and between Rembrandt™ mouthrinse (group A) and the placebo (group B), the
placebo (group B) and Rembrandt™ mouthrinse with Peroxide and Fluoride (group C),
the placebo (group B) and Peridex mouthrinse (group D), and Rembrandt™ mouthrinse
with Peroxide and Fluoride (group C) and Peridex mouthrinse (group D) after six months
of the study. However, Rembrandt™ mouthrinse (group A) was shown to significantly
reduce (p=0.041 and p=0.037, respectively) A. naeslundii compared to Rembrandt™
mouthrinse with Peroxide and Fluoride (group C) and Peridex mouthrinse (group D) after
6 months of the study.
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Table 24. Comparison of mouthrinse groups with A. israelii over time (Mann-Whitney test).
A vs. B

A vs. C

A vs. D

B vs. C

B vs. D

C vs. D

Baseline NSD (p=0.372) NSD (p=0.606) NSD(p=0.195) NSD (p=0.673) NSD (p=0.660) NSD (p=0.369)
3 months NSD (p=0.281) NSD (p=0.423) NSD (p=0.746) NSD (p=0.892) NSD (p=0.525) NSD (p=0.682)

6 months NSD (p=0.509) NSD (p=0.264) NSD (p=0.78Q) NSD (p=0.621) NSD(p=0.319) NSD(p=0.131)
NSD = No significant difference
A=Rembrandt, B=placebo, C=Rembrandt with Peroxide and Fluoride, D=Peridex

Table 25. Comparison of mouthrinse groups with B.forsythus over time (Mann-Whitney test).
A vs. B

A vs. C

A vs. D

B vs. C

B vs. D

C vs. D

Baseline NSD (p=0.767) NSD (p=0.239) NSD (p=0.405) NSD (p=0.355) NSD (p=0.590) NSD (p=0.684)
3 months NSD (p=0.861) NSD (p=0.239) NSD (p=0.329) NSD (p=0.423) NSD (p=0.496) NSD(p=1.000)
6 months NSD (p=0.307) NSD (p=0.175) NSD (p=0.270) NSD (p=0.721) NSD (p=0.896) NSD (p=0.854)
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Table 26. Comparison of mouthrinse groups with C. concisus over time (Mann-Whitney test).
A vs. B

A vs. C

A vs. D

B vs. C

B vs. D

C vs. D

Baseline NSD (p=0.134) NSD (p=0.767) NSD (p=0.935) NSD(p=0.181) NSD (p=0.077) NSD (p=0.660)
3 months NSD (p=0.616) NSD (p=0.809) NSD (p=0.374) NSD (p=0.445) NSD (p=0.682) NSD (p=0.268)
6 months NSD (p=0.509) NSD (p=0.830) NSD(p=0.331) NSD (p=0.646) NSD (p=0.722) NSD (p=0.423)
A=Rembrandt, B=placebo, C=Rembrandt with Peroxide and Fluoride, D=Peridex

Table 27. Comparison of mouthrinse groups with C. rectus over time (Mann-Whitney test).
A vs. B

A vs. C

A vs. D

B vs. C

B vs. D

C vs. D

Baseline NSD (p=0.126) NSD (p=0.265) NSD (p=0.525) NSD (p=0.628) NSD (p=0.424) NSD (p=0.708)
3 months NSD (p=0.545) NSD (p=0.445) NSD(p=0.351) NSD(p=0.151) NSD (p=0.586) NSD(p=0.101)
6 months NSD (p=0.789) NSD (p=0.281) NSD (p=0.533) NSD(p=0.164) NSD (p=0.357) NSD(p=0.580)
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Table 28. Comparison of mouthrinse groups with C. sputorumsubsp. sputorum over time (Mann-Whitney test).
A vs. B

A vs. C

A vs. D

B vs. C

B vs. D

C vs. D

Baseline NSD (p=0.064) NSD (p=0.481) NSD(p=0.351) NSD(p=0.152) NSD (p=0.369) NSD (p=0.636)
3 months NSD (p=0.532) NSD (p=0.102) NSD (p=0.880) NSD (p=0.520) NSD(p=0.316) NSD(p=0.121)
6 months NSD (p=0.532) NSD (p=0.892) NSD (p=0.983) NSD (p=0.574) NSD(p=0.613) NSD(p=0.918)
A=Rembrandt, B=placebo, C=Rembrandt with Peroxide and Fluoride, D=Peridex

Table 29. Comparison of mouthrinse groups with E. coliover time (Mann-Whitney test).
A vs. B

A vs. C

A vs. D

B vs. C

B vs. D

C vs. D

Baseline NSD (p=0.743) NSD (p=0.265) NSD (p=0.424) NSD(p=0.161) NSD (p=0.273) NSD (p=0.782)
3 months NSD (p=0.520) NSD (p=0.539) NSD (p=0.682) NSD(p=1.000) NSD (p=0.856) NSD (p=0.846)

6 months NSD (p=0.630) NSD (p=0.770) NSD(p=0.715) NSD (p-0.422) NSD (p=0.925) NSD (p=0.525)
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Table 30. Comparison of mouthrinse groups with E. corrodensovQx time (Mann-Whitney test).
A vs. B

A vs. C

A vs. D

B vs. C

B vs. D

C vs. D

Baseline NSD (p=0.161) NSD (p=0.192) NSD(p=0.421) NSD (p=0.650) NSD (p=0.656) NSD (p=0.845)
3 months NSD (p=0.175) NSD (p=0.780) NSD (p=0.423) NSD(p=0.281) NSD (p=0.786) NSD (p=0.559)
6 months NSD (p=0.735) NSD (p=0.624) NSD(p=0.201) NSD (p=0.873) NSD(p=0.319) NSD (p=0.400)
A=Rembrandt, B=placebo, C=Rembrandt with Peroxide and Fluoride, D=Peridex

Table 31. Comparison of mouthrinse groups with F. nudeatumsubsy. vincentii over time (Mann-Whitney test).
A vs. B

A vs. C

A vs. D

B vs. C

B vs. D

C vs. D

Baseline NSD (p=0.606) NSD (p=0.424) NSD (p=0.782) NSD(p=0.192) NSD (p=0.782) NSD (p=0.273)
3 months NSD (p=0.520) NSD (p=0.724) NSD (p=0.559) NSD (p=0.800) NSD (p=0.964) NSD (p=0.846)

6 months NSD (p=0.986) NSD (p=0.247) NSD (p=0.637) NSD(p=0.178) NSD(p=0.613) NSD(p=0.102)
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Table 32. Comparison of mouthrinse groups with P. intermedia over time (Mann-Whitney test).
A vs. B

A vs. C

A vs. D

B vs. C

B vs. D

C vs. D

Baseline NSD (p=0.181) NSD (p=0.226) NSD (p=0.636) NSD (p=0.767) NSD (p=0.053) NSD (p=0.062)
3 months NSD (p=0.892) NSD (p= 1.000) NSD (p=0.559) NSD (p=0.892) NSD (p=0.683) NSD (p=0.559)
6 months NSD (p=0.486) NSD (p=0.775) NSD(p=0.715) NSD (p=0.708) NSD (p=0.779) NSD (p=0.949)
A=Rembrandt, B=placebo, C=Rembrandt with Peroxide and Fluoride, D=Peridex

Table 33. Comparison of mouthrinse groups with P. nigrescens over time (Mann-Whitney test).
A vs. B

A vs. C

A vs. D

B vs. C

B vs. D

C vs. D

Baseline NSD (p=0.963) NSD (p=0.606) NSD(p=0.961) NSD (p=0.542) NSD (p=0.909) NSD (p=0.660)
3 months NSD (p= 1.000) NSD (p=0.224) NSD (p=0.948) NSD (p=0.202) NSD (p=0.964) NSD (p=0.232)

6 months NSD (p=0.762) NSD (p=0.711) NSD (p=0.949) NSD (p=0.484) NSD (p=0.837) NSD (p=0.667)
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Table 34. Comparison of mouthrinse groups with A. naeslundii over time (Mann-Whitney test).

A vs. B

A vs. C

A vs. D

B vs. C

B vs. D

C vs. D

Baseline NSD (p-0.481) NSD (p=0.406) NSD (p=0.684) NSD(p=0.938) NSD (p=0.782) NSD (p=0.757)
3 months NSD (p=0.830) NSD (p=0.110) NSD (p=0.475) NSD(p=0.140) NSD (p=0.467) NSD (p=0.308)
A is
A is
significantly
significantly
NSD (p=0.551) NSD (p=0.613) NSD(p=0.918)
6 months NSD (p=0.126)
lower than C
lower than D
(p=0.041)
(p=0.037)
A=Rembrandt, B=placebo, C=Rembrandt with Peroxide and Fluoride, D=Peridex
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Analysis of E. brachy (Table 35) found no significant difference between any of
the mouthrinse groups after 3 months and 6 months of the study, as well as between
Rembrandt™ mouthrinse (group A) and the placebo (group B), Rembrandt™
mouthrinse (group A) and Peridex mouthrinse (group D), the placebo (group B) and
Rembrandt™ mouthrinse with Peroxide and Fluoride (group C), the placebo (group B)
and Peridex mouthrinse (group D), and Rembrandt™ mouthrinse with Peroxide and
Fluoride (group C) and Peridex mouthrinse (group D) at the baseline. However, E.
brachy was in a lower concentration (p=0.016) in the Rembrandt™ mouthrinse group
(group A) compared to Rembrandt™ mouthrinse with Peroxide and Fluoride (group C) at
the baseline.
Statistical analysis of R. gingivalis (Table 36) showed no significant difference
between any of the mouthrinse groups after 3 months and 6 months of the study and
between Rembrandt™ mouthrinse (group A) and Rembrandt™ mouthrinse with Peroxide
and Fluoride (group C), Rembrandt™ mouthrinse (group A) and Peridex mouthrinse
(group D), the placebo (group B) and Rembrandt™ mouthrinse with Peroxide and
Fluoride (group C), the placebo (group B) and Peridex mouthrinse (group D), and
Rembrandt™ mouthrinse with Peroxide and Fluoride (group C) and Peridex mouthrinse
(group D) at the baseline. However, Rembrandt™ mouthrinse (group A) was shown to
significantly reduce (p=0.003) P. gingivalis compared to the placebo (group B) at the
baseline.
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Table 35. Comparison of mouthrinse groups with E. brachy over time (Mann-Whitney test).
A vs. B

Baseline NSD (p=0.308)

A vs. C
A is
significantly
lower than C
(p=0.016)

A vs. D

B vs. C

B vs. D

C vs. D

NSD (p=0.110) NSD (p=0.293) NSD (p=0.708) NSD (p=0.483)

3 months NSD (p=0.512) NSD (p=0.711) NSD(p=0.618) NSD (p=0.740) NSD (p-0.964) NSD (p=0.846)
6 months NSD (p=0.297) NSD (p=0.892) NSD (p=0.697) NSD (p=0.244) NSD (p=0.667) NSD(p=0.621)
A=Rembrandt, B=placebo, C=Rembrandt with Peroxide and Fluoride, D=Peridex

Table 36. Comparison of mouthrinse groups with P. gingivalis over time (Mann-Whitney test).
A vs. B

Baseline

A is
significantly
lower than B
(p=0.003)

A vs. C

A vs. D

B vs. C

B vs. D

C vs. D

NSD (p=0.226) NSD (p=0.318) NSD(p=0.181) NSD(p=0.318) NSD(p=0.961)

3 months NSD (p=0.830) NSD (p=0.867) NSD (p=0.449) NSD(p=0.711) NSD (p=0.555) NSD (p=0.374)
6 months NSD (p=0.735) NSD (p=0.367) NSD (p=0.40Q) NSD (p=0.532) NSD (p=0.235) NSD(p=0.112)
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Analysis of S. oralis (Table 37) demonstrated no significant difference between
any of the mouthrinse groups at the baseline and after 3 months of the study and between
Rembrandt™ mouthrinse (group A) and the placebo (group B), Rembrandt™ mouthrinse
(group A) and Peridex mouthrinse (group D), the placebo (group B) and
Rembrandt™ mouthrinse with Peroxide and Fluoride (group C), the placebo (group B)
and Peridex mouthrinse (group D) after 6 months of the study. However, Rembrandt™
mouthrinse (group A) was shown to significantly reduce (p=0.027) S. oralis compared to
Rembrandt™ mouthrinse with Peroxide and Fluoride (group C) after 6 months of the
study. Rembrandt™ mouthrinse with Peroxide and Fluoride (group C) was also shown to
significantly reduce (p=0.047) S. oralis compared to Peridex mouthrinse (group D) after
6 months of the study.
Statistical comparisons of T. denticola (Table 38) detected no significant
difference between any of the mouthrinse groups at the baseline and after 6 months of the
study, as well as between Rembrandt™ mouthrinse (group A) and Rembrandt™
mouthrinse with Peroxide and Fluoride (group C), Rembrandt™ mouthrinse (group A)
and Peridex mouthrinse (group D), the placebo (group B) and Rembrandt™ mouthrinse
with Peroxide and Fluoride (group C), the placebo (group B) and Peridex mouthrinse
(group D), and Rembrandt™ mouthrinse with Peroxide and Fluoride (group C) and
Peridex mouthrinse (group D) after 3 months of the study. However, Rembrandt™
mouthrinse (group A) was shown to significantly reduce (p=0.033) T. denticola
compared to the placebo (group B) after three months of the study.
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Table 37. Comparison of mouthrinse groups with S. oralis over time (Mann-Whitney test).
A vs. B

A vs. C

A vs. D

B vs. C

B vs. D

C vs. D

Baseline NSD (p=0.521) NSD (p=0.963) NSD (p=0.443) NSD (p=0.606) NSD(p=0.832) NSD (p=0.483)
3 months NSD (p-0.654) NSD (p=0.956) NSD (p=0.449) NSD (p=0.654) NSD (p=0.274) NSD (p=0.449)
A is
significantly
NSD (p=0.780) NSD (p=0.175) NSD (p=0.488)
6 months NSD (p=0.325)
lower than C
(p=0.027)
A=Rembrandt, B=placebo, C=Rembrandt with Peroxide and Fluoride, D=Peridex

Cis
significantly
lower than D
(p=0.047)

Table 38. Comparison of mouthrinse groups with T. denticola over time (Mann-Whitney test).
A vs. B

A vs. C

A vs. D

B vs. C

B vs. D

C vs. D

Baseline NSD (p=0.074) NSD (p=0.628) NSD(p=0.173) NSD(p=0.192) NSD (p=0.732) NSD (p=0.369)

3 months

A is
significantly
lower than B
(p=0.033)

NSD (p=0.838) NSD (p=0.650) NSD (p=0.054) NSD (p=0.294) NSD (p=0.650)

6 months NSD (p=0.986) NSD (p=0.486) NSD (p=0.780) NSD (p=0.464) NSD (p=0.750) NSD (p=0.425)
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Relationships between the species associated with the complexes defined by
Socransky were also evaluated (Socransky et ah, 1998). The first complex consists of B.
forsythus, P. gingivalis, and T. denticola. In this study, B. forsythus, P. gingivalis, and T.
denticola were found together in 20.5% of the plaque samples. All three were absent in
12.1% of the plaque samples. B. forsythus and P. gingivalis were present together in
29.5% of the plaque samples. B. forsythus and T. denticola were present together in
33.7% of the plaque samples. P. gingivalis and T. denticola were present together in
30.5% of the plaque samples.
The second complex consists of F. nucleatum subspecies vincentii, P. intermedia.
and P. nigrescens, amongst others. The other bacteria found in this complex were not
used in this study and thus were not analyzed. In this study, of F. nucleatum subspecies
vincentii, P. intermedia, and P. nigrescens were found together in 5.2% of the plaque
samples. All three were absent in 38.1% of the plaque samples. F. nucleatum subsp.
vincentii and P. intermedia were present together in 25.5% of the plaque samples. F.
nucleatum subsp. vincentii and P. nigrescens were present together in 11.3% of the
plaque samples. P. intermedia and P. nigrescens were present together in 13.9% of the
plaque samples.
The third complex consists of C. concisus and E. corrodens, amongst others.
Again, the other bacteria found in this complex were not used in this study and thus were
not analyzed. C. concisus and E. corrodens were present together in 20.6% of the plaque
samples. They were both absent in 33% of the plaque samples.

CHAPTER 4
DISCUSSION

This project shows that the DNA-DNA checkerboard hybridization technique is
accurate and effective for identifying bacteria in human plaque samples. It is faster and
less tedious than anaerobic culturing, and it can detect dead or non-viable bacteria in
plaque samples.
Commercially available DNA extraction kits were not especially useful for the
plaque sample extraction because there were too many bacterial cells in the plaque
samples (blocking the DNA extraction column). There also might have been too large a
mixture of gram-positive and gram-negative bacteria in the plaque samples, decreasing
the efficiency of the enzymes in the kit (unpublished data-personal communication with
Brent Arnold and Azim Mohamedali).
Heavy phase lock gel (5 Prime —» 3 Prime, Inc., Boulder, CO) was evaluated for
the bacterial DNA extraction of C. rectus, E. corrodens, E. brachy, F. nucleatum subsp.
vincentii, and P. intermedia, but wasn’t found to perform better than the traditional
phenolxhloroform method. In addition, the phase lock gel did not result in the recovery
of more DNA, as indicated in the manufacturer’s information packet included with the
heavy phase lock gel. However, the DNA extraction of C. rectus, E. brachy, and P.
intermedia resulted in DNA that could be used for construction of probes.
The goal of re-washing the DNA samples was to increase the 260/280 O. D. value
as close to 1.8 as possible, thus increasing the purity of the DNA sample. After re-
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washing, some of the plaque samples had a lower 260/280 value. This could have been
due to reagent contamination during the re-washing steps, such as 95% or 70% ethanol.
Some plaque samples appeared to have an increased amount of DNA after re-washing.
This could have been due to the removal of contaminants that blocked the recognition of
the DNA by the spectrophotometer.
For this project, it was determined that new probes would be constructed for each
dot blot. Boehringer Mannheim indicated that probes can be re-used, but our experience
and data indicated that re-using the probes resulted in significantly weaker colorimetric
reactions (data not shown).
Analyses of A. israelii, A. naeslundii, B. forsythus, E. corrodens, E. coli, P.
nigrescens, and T. denticola detected no significant decreases between any of the 3
samples for any of the mouthrinse groups. Thus, none of the four mouthrinses were
effective in this study 'at altering the concentrations of these bacteria. The two
Rembrandt™ mouthrinses might have been expected to lower the concentrations of at
least some of these bacteria. The Peridex mouthrinse was also expected to lower the
concentrations of at least some of these bacteria. The placebo control would not have
been expected to lower the concentrations of any of the bacteria.
Evaluation of C. concisus found that Peridex mouthrinse caused C. concisus to
have significantly lowered concentrations at 6 months compared to 3 months (p=0.031)
and the baseline (p=0.039). Peridex acted as the positive treatment control for this
project and would be expected to lower the concentrations of some bacterial species, such
as C. concisus, as expected.
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For C. sputorum subsp. sputorum quantities at 6 months, the placebo was
significantly lower when compared to the baseline (p=0.022). This may have been due to
some unknown factor in the collection of the samples. A similar situation was found for
E. brachy at 6 months, where the placebo significantly lowered E. brachy compared to
the 3-month samples (p=0.039).
Analysis of F. nucleatum subsp. vincentii showed that Rembrandt™ mouthrinse
with Peroxide and Fluoride caused F. nucleatum subsp. vincentii to be significantly
lowered at 6 months compared to the baseline (p=0.008). Thus, Rembrandt™ mouthrinse
with Peroxide and Fluoride was effective at reducing the concentration of F. nucleatum
subsp. vincentii over the 6 months of the study.
Comparisons of P. gingivalis showed that Rembrandt™ mouthrinse significantly
lowered this organism at 3 months (p=0.012) and at 6 months (p=0.001) when compared
to the baseline. Rembrandt™ mouthrinse with Peroxide and Fluoride caused P.
gingivalis to be significantly lower at 3 months compared the baseline (p=:0.039), while
Peridex mouthrinse caused P. gingivalis to be significantly lowered at 6 months
compared to the baseline (p=0.016). These results indicate that the Rembrandt™
mouthrinse and the Peridex mouthrinse were effective at lowering the concentration of P.
gingivalis over the 6 months of the study. In addition, they also indicate that
Rembrandt™ mouthrinse with Peroxide and Fluoride was effective at lowering the
concentration of P. gingivalis during the first three months of the study. The explanation
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of why Rembrandt™ mouthrinse with Peroxide and Fluoride only lowered P. gingivalis
over the first three months of the study could not be determined by this study design.
Rembrandt™ mouthrinse significantly lowered P. intermedia levels at 6 months,
compared to the baseline (p=0.004). Peridex mouthrinse caused P. intermedia to also be
significantly lowered at 6 months, compared to the baseline (p=0.004). The placebo and
Rembrandt™ mouthrinse with Peroxide and Fluoride were not effective at reducing the
concentration of P. intermedia over the course of the study. Both Rembrandt™
mouthrinse and Peridex mouthrinse were effective at reducing the concentration of P.
intermedia over the 6 months of the study.
Rembrandt™ mouthrinse with Peroxide and Fluoride caused S. oralis to be
significantly lower at 6 months when compared to 3 months (p=0.008). None of the
other mouthrinses appeared effective in altering the concentrations of this organism over
the course of the study.
Rembrandt™ mouthrinse was effective at lowering the concentrations of P.
gingivalis at 3 months (p=0.012) and at 6 months (p=0.001) compared to the baseline and
of P. intermedia at 6 months compared to the baseline (p=0.004). The placebo was
effective at lowering the concentration of C. sputorum subsp. sputorum at 6 months
compared to the baseline (p=0.022) and of E. brachy at 6 months compared to 3 months
(p=0.039). Rembrandt™ mouthrinse with Peroxide and Fluoride was effective at
lowering the concentrations of/7, nucleatum subsp. vincentii at 6 months compared to the
baseline (p=0.008), P. gingivalis at 3 months compared the baseline (p=0.039), and S.
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oralis at 6 months compared to 3 months (p=0.008). Finally, the results indicate that
Peridex mouthrinse was effective at lowering the concentrations of C. concisus at 6
months compared to 3 months (p=0.031) and the baseline (p=0.039), P. gingivalis at 6
months compared to the baseline (p=0.016), and P. intermedia at 6 months compared to
the baseline (p=0.004).
Though Peridex mouthrinse was used as the positive control in this study, it
should not necessarily be expected to lower the amounts of all of the bacteria utilized.
The main goal of any mouthrinse, including Rembrandt™ mouthrinse and Rembrandt™
mouthrinse with Peroxide and Fluoride, is to reduce the overall amounts of bacteria in the
oral cavity. Total elimination of bacteria is undesirable, since that would upset the
balance of the oral microflora (Yiming Li, personal communication). The results of this
study show that the active mouthrinses did reduce the amounts of C. concisus, C. rectus,
F. nucleatum subsp. vincentii, P. gingivalis, P. intermedia, and S. oralis. These bacteria
were reduced but not eliminated, so the overall balance of the normal oral flora was not
eliminated.
Analyses of A. israelii, B. forsythus, C. concisus, C. rectus, C. sputorum subsp.
sputorum, E. coli, E. corrodens, F. nucleatum subsp. vincentii, P. intermedia, and P.
nigrescens showed no significant differences between the mouthrinses over the course of
the study. Thus, the four mouthrinses were neither better nor worse than each other at
altering the amounts of these bacteria.
A. naeslundii had a significant difference between Rembrandt™ mouthrinse and
Rembrandt™ mouthrinse with Peroxide and Fluoride (p=0.041) and Rembrandt™
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mouthrinse and Peridex mouthrinse (p=0.037) after 6 months of the study. Rembrandt™
mouthrinse was more effective than Rembrandt™ mouthrinse with Peroxide and Fluoride
and Peridex mouthrinse at reducing the concentration of A. naeslundii during the 6 month
study.
E. brachy demonstrated a significant difference between Rembrandt™ mouthrinse
and Rembrandt™ mouthrinse with Peroxide and Fluoride at the baseline. Rembrandt™
mouthrinse significantly reduced E. brachy compared to Rembrandt™ mouthrinse with
Peroxide and Fluoride (p=0.016). A similar analysis withP. gingivalis only showed a
significant difference between Rembrandt™ mouthrinse and the placebo. Rembrandt™
mouthrinse significantly reduced P. gingivalis when compared to the placebo (p^O.OOS)
at the baseline. Significant differences at the baseline should not have occurred because at
the baseline, no prior treatments were performed and the plaque samples should have
been similar in all groups at that time. Any significant differences occurring at the
baseline, as with E. brachy and P. gingivalis, are most likely due to the random
differences found in the selection of the samples.
Rembrandt™ mouthrinse significantly reduced (p=0.027) S. oralis compared to
Rembrandt™ mouthrinse with Peroxide and Fluoride after 6 months of the study, while
Rembrandt™ mouthrinse with Peroxide and Fluoride significantly reduced (p=0.047) S.
oralis when compared to Peridex mouthrinse after six months of the study. Rembrandt™
mouthrinse appeared to be more effective at reducing S. oralis compared to Rembrandt™
mouthrinse with Peroxide and Fluoride and Rembrandt™ mouthrinse with Peroxide and
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Fluoride was more effective at reducing S. oralis compared to Peridex mouthrinse over
the course of the study.
Analysis of T. denticola established that a significant difference occurred between
Rembrandt™ mouthrinse and the placebo. Rembrandt™ mouthrinse significantly
reduced (p=0.033) T. denticola compared to the placebo after three months of the study.
Rembrandt™ mouthrinse was more effective at reducing T. denticola after three months
of the study than the placebo. These results were expected, since the placebo has no
active antimicrobial ingredient.
The above results indicate that Rembrandt™ mouthrinse was more effective than
Rembrandt™ mouthrinse with Peroxide and Fluoride and Peridex mouthrinse at reducing
the concentration of A. naeslundii over the course of the 6 month study. They also
indicate Rembrandt™ mouthrinse was more effective than Rembrandt™ mouthrinse with
Peroxide and Fluoride and that Rembrandt™ mouthrinse with Peroxide and Fluoride was
more effective than Peridex mouthrinse at reducing the concentration of S. oralis over the
course of the 6 month study. Finally, the results indicated that Rembrandt™ mouthrinse
was more effective than the placebo at reducing the concentration of T. denticola after
three months of the study.
These results, taken in conjunction with other findings comparing the different
samples within each mouthrinse group, indicate that Rembrandt™ mouthrinse was
effective at reducing the concentration of P. gingivalis, P. intermedia, A. naeslundii, S.
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oralis, and T. denticola, with the latter three bacteria being reduced in significantly
different amounts when compared to the other three mouthrinses.
The data from the analysis of the microbial complexes supports Socransky’s
results with respect to the prevalence of the members of each complex. However,
Socransky’s findings that P. intermedia was always detected in the presence of F.
nucleatum and that P. gingivalis was never detected in the absence of B. forsythus were
not confirmed by this investigation. The slight differences that were observed in this
study could have most likely been caused by different plaque sampling sites and
procedures. Socransky’s results indicate that P. intermedia was always detected in the
presence of F. nucleatum in subgingival plaque samples from deep pockets in a group of
adult periodontitis subjects, and both were significantly associated with increasing pocket
depth. The plaque samples used in this study were pooled from six sites in the mouth
(Ramfjord teeth), so different results might not be unexpected.
Future studies that make use of DNA-DNA hybridization could include any type
of project that analyzes bacteria in plaque. A similar study in progress in this laboratory
is evaluating microbiological changes in plaque after subjects’ use of a particular
toothpaste.
The only limitation on this project might be the relative cost when compared to
anaerobic culturing. The protocol from Boehringer Mannheim indicated that the probes
could be re-used, but this project’s experience did not confirm this. New probes were
constructed for each set of patient samples that were analyzed. This led to a significant
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increase in the cost of the project. After this technique gains mainstream acceptance,
further refinements may reduce the cost.
There is room for improvement in the design of this project. A larger scale study,
one that includes more patient samples, might give a more clear indication of the relative
antibacterial efficacy of the different mouthrinses.
Even though the DNA-DNA hybridization in this study has been shown to have a
high stringency and, thus, a very low chance for cross-reaction with the pathogenic
bacteria used in this study, other types of probes might be constructed and utilized to
possibly give greater specificity. Dix et al. (1990) found that probes that target
hypervariable regions of 16S rRNA eliminated cross-reactions between genetically
closely related species and may be more specific than probes made from complete
genomic sequences.
In this project, the intensities of the colorimetric reactions of the pBR322 control
DNA from each individual probe were removed from the intensities of the patient
samples by a visual estimate. A more efficient and exact way to accomplish this would
be by use of a densitometer. It would scan all intensities, including those from the
reaction of the pBR322 control DNA and individual probes, and assign a numerical
value. The value of the intensity of the pBR322 control DNA reactions could then be
subtracted from the values of the intensities of the patient samples. This method would
be more accurate and exact than the visual estimation used in this project and may
provide a basis for a quantitative measurement for comparison.
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This project did not correlate intensities with specific amounts of bacteria that
could have been attained by using titrated amounts of bacteria. Such an approach would
confirm that a certain intensity is caused by a predetermined quantity of bacteria.
Socransky et al. (1994) states, “Cell numbers could be quantified using a densitometer by
comparing signal intensities of unknowns to those of standard suspensions on the same
membrane” (Socransky et al. 1994). He also cautions, “However, such signals must be
interpreted with care in the light of possible cross-reactions with unknown species”
(Socransky et al., 1994).
Brent Arnold has reported that there was very little, if any, cross-reactivity
between each of the 15 probes (unpublished data, personal communication). Other
published data has shown similar findings. Tanner et al. (1998) used digoxigenin labeled
whole genomic DNA probes for A. naeslundii, B. forsythus, C. rectus, P. gingivalis, P.
intermedia, P. nigrescens and S. oralis to identify bacteria in healthy sites, as well as in
sites of gingivitis and initial periodontitis. These probes were hybridized overnight at
42 °C with the target DNA and then the membranes were washed with high stringency at
65°C. No significant cross-reactions were observed between the bacteria, except for
genetically-closely related species such as P. intermedia and P. nigrescens (Tanner et al.,
1998). Overnight hybridization at a higher temperature, such as 68°C, may reduce
potential cross-reactions between even genetically closely related species.
Socransky et al. (1998) used digoxigenin labeled whole genomic DNA probes for
A. naeslundii, B. forsythus, C. rectus, E. corrodens, F. nucleatum subsp. vincentii, P.
gingivalis, P. intermedia, P. nigrescens, S. oralis, and T. denticola. The probes were
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hybridized overnight at 42°C with the target DNA on membranes. The membranes were
first washed at low stringency, and then they were washed at high stringency at 68°C.
No cross-reactions were detected for the B. forsythus, P. gingivalis, S. oralis, and T.
denticola probes. In fact, over 92% of all probe:heterologous species reactions did not
exhibit cross-reactions. When cross-reactions were observed, they were always within
genera and were relatively limited (Socransky et al, 1998). The results of Smith et al.
(1989) were similar to the findings of Socransky et al. (1998). No non-specific
hybridization occurred between unrelated strains, and when cross-reactions were
observed, they always occurred only between closely related species (Smith et al., 1989).
Loesche et al. (1992) reported that the data from BioTechnica Diagnostics, a
commercial reference laboratory, indicated that whole genomic probes for P. gingivalis
did not cross-react with 41 other species resident in plaque. They also found that T.
denticola did not cross-react with over 70 species commonly found in plaque. However,
their hybridization technique was not adequately described for use by other investigators
(Loesche et al., 1992).
Tay et al. (1992) used the same procedure (digoxigenin labeled whole genomic
probe) with the same hybridization technique (68°C overnight followed by high
stringency washes) to detect P. gingivalis. Their P. gingivalis probe was evaluated
against a variety of bacteria also included in this study, including B. forsythus, C. rectus.
P. intermedia, F. nucleatum, and Actinomyces spp. No evidence of cross-reaction was
observed between P. gingivalis and the listed bacteria.
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The stringency of the hybridization is very important for ensuring a high level of
specificity. High stringency reduces the chances of non-specific hybridization. The Tm
value is the temperature at which double stranded DNA denatures into single stranded
DNA. Such conditions allow probe DNA to completely hybridize with the target DNA.
As long as the hybridization temperature is higher than the Tm value, the probe DNA will
remain single stranded and any non-specific binding will be reduced. The probe DNA can
then be identified, such as in this study, where it was detected by a colorimetric reaction.
If the hybridization temperature is lower than the Tm value, the probe DNA might
partially re-anneal with itself or non-specifically with the target DNA. This could block
specific hybridization (Kettering, 1968).
Other factors also need to be taken into consideration to allow for specific
hybridization and to reduce the chances of non-specific hybridizations or cross-reactions.
The greater the length of DNA used for the probe, the more time is required for
hybridization. The use of formamide as a denaturing agent allows a lower hybridization
temperature to be used, since it keeps the probe DNA denatured without the need for heat
(Hansel Fletcher, personal communication).
For this project, hybridization of the whole genomic randomly labeled probes
took place at 68°C for at least 20 hours. The hybridization solution contained 0.25 M
Na2HP04 (pH 7.2) and 7% SDS. These hybridization conditions ensured that no cross
reaction occurred because they were done for at least 20 hours, due to the use of a long
DNA molecule for the probes, at 68°C, because no formamide was used in the
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hybridization solution. Cross reactions were minimal, at most, and did not interfere with
the accurate detection of the various bacteria in the plaque in this study.
The results of this project indicate that the stringency of hybridization was
sufficient to keep the incidence of cross-reactivity low. Results have shown that under
the conditions used in this project, there is very little, if any, cross-reactivity (Brent
Arnold, personal communication). The experimental evidence of little cross-reactivity
with the same probes under similar conditions described above and the results from this
project show that DNA-DNA hybridization under these conditions can specifically
identify bacteria in plaque samples.
This technique appears to be superior to the current “goId-standard” of anaerobic
culturing for the identification of bacteria in plaque. It also allows for the identification
of non-viable or dead bacteria and bacteria that are uncultivable or slow-growers,
although the significance of the presence of these organisms is not currently known. It is
less laborious than anaerobic culturing, and accurate results can be obtained more
quickly. It remains to be seen, however, whether this technique will gain mainstream
acceptance.
Rembrandt™ mouthrinse, Rembrandt™ mouthrinse with Peroxide and Fluoride,
and Peridex appeared to be similar in their ability to reduce the concentration of oral
bacteria. All showed a significant reduction in some of the bacteria used in this study and
were more effective than the placebo. The number of samples used in this study may
have been too low, but statistically significant results were obtained that seem valid.
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These results appeared to be accurate assessments of the relative activities of the
mouthrinses used in this study.

APPENDIX 1
INSTRUCTIONS FOR MAKING THE SOLUTIONS USED IN MATERIALS AND
METHODS

Tris-EDTA (TE) =10 Mm Tris-Cl and IMm EDTA
Hybridization solution = 0.25 M Na2HP04 (Ph 7.2) and 7% SDS—needs to be filtered
Wash solution #1 = 40 Mm dibasic Na2HP04 (Ph 7.2) and 5% SDS
Wash solution #2 = 40 Mm dibasic Na2HP04 (Ph 7.2) and 1% SDS
Alkaline probe-stripping solution = 0.2N NaOH and 0.1% SDS
2X SSC = 200 Mm NaCl, 20 Mm sodium citrate, 0.1% SDS
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