
The diverse microbial ecology of the
human mouth includes large numbers of
microorganisms in the saliva and those
found in plaque, a complex, naturally
occurring biofilm associated with teeth
and the tongue (4, 8, 27). Clinical inves-
tigations have examined the relationship
between oral organisms and the etiology of
oral conditions such as periodontal dis-
ease, caries, and oral malodor. Based on
clinical observations, current dental prac-
tices emphasize the control of oral organ-
isms, particularly those found in the
plaque, to maintain oral health (8, 27).

Efficacious formulations with anti-
plaque effects serve as an important
adjunct for the maintenance of oral health
(8, 17, 27). To develop and validate these
formulations, an extensive set of laborat-
ory and clinical studies is required to
examine attributes relevant to oral health
(8). An important aspect of these tests is
the demonstration of antimicrobial effects
on laboratory and clinical strains of oral
bacteria. These tests examine the effects of
antimicrobials on a large set of bacteria in
the planktonic (3, 13, 16) or biofilm mode
of growth (8, 22), with recent studies

comparing effects on bacteria in both
modes (6). Most of the tests are modifica-
tions of methods available in the field of
antibiotics (8, 15), with many tests typic-
ally determining the effects on one bacter-
ial strain per test (3, 6, 8, 13, 15).
This investigation reports the develop-

ment of a rapid ex-vivo antimicrobial test
using oral samples derived from adult
human volunteers. Subjects provided sal-
iva samples by rinsing their mouth and
samples were also obtained from tongue
scrapings. The sampling regimen incor-
porates the inherent variability in the
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numbers and density of the microorgan-
isms among subjects (18). In contrast to
laboratory cultures, organisms derived
from natural habitats are more likely to
demonstrate diverging physiological states
reflecting the changing parameters of these
environments such as nutrition, pH, and
oxygen tension (4, 8, 27). Tests were
conducted with small volumes of sample
to examine the effects of oral hygiene
formulations with common antimicrobial
agents at concentrations typically found in
the mouth during use (2, 31). The dose-
dependent antimicrobial effects were also
examined. Additionally, the tests were
multiplexed, i.e. the tests examined anti-
microbial effects on functional classes of
oral organisms associated with specific
oral conditions to rapidly screen several
formulations.

Materials and methods

Chemicals and media

Buffers and chemicals for routine use were
obtained from Sigma Chemical Co. (St.
Louis, MO) unless stated otherwise. Pre-
made agar media obtained from Becton-
Dickinson (Sparks, MD) were trypticase
soy agar enriched with 5% sheep blood
(BA) for the enumeration of all oral
bacteria. Also obtained from Becton-Dick-
inson were agar media supplemented with
5% sheep blood and the selective agents
phenylethyl alcohol or kanamycin, and
vancomycin to isolate gram-positive and
gram-negative bacteria, respectively (7).
Prepared media obtained from Anaerobe
Systems (San Jose, CA) were mitis-sali-
varius agar to enumerate streptococci and
oral hydrogen sulfide (H2S) producing
organisms agar (OHO) to enumerate oral
H2S producing organisms (20). Another
medium with casein as a protein source
and supplements designed to enumerate
oral proteolytic bacteria and referred to as
the proteolytic organism’s differentiation
agar was prepared. A range of oral bacteria
with proteolytic activity grow on this
medium as demonstrated by a zone of
clearing or a creamy colored or pigmented
colony. Oral bacteria implicated in malo-
dor such as Fusobacterium nucleatum,
Prevotella intermedia, and Prevotella ni-
grescens produce characteristic reactions
on this medium. Dehydrated Rogosa agar
for the isolation of lactobacilli was
obtained from Becton-Dickinson and
reconstituted in accordance with the manu-
facturer’s instructions. The agar media
used to enumerate aciduric and iodophilic
oral bacteria were prepared in accordance
with published procedures (30, 32). In

brief, agar at pH 5.5 was utilized to
enumerate aciduric bacteria without prese-
lection of acid adapted bacteria. Media
supplemented with 5% sucrose were util-
ized for iodophilic bacteria. After incuba-
tion, iodophilic media were flooded with
gram’s iodine and colonies with a strong
brown color enumerated as iodophilic.

Formulations tested

Test formulations obtained commercially
included the triclosan/copolymer dentifrice
with 0.3% triclosan and 2% gantrez (tri-
closan/copolymer dentifrice) and a fluoride
dentifrice that served as a control (control
dentifrice). The mouthrinses tested were a
fluoride rinse with no additional antimi-
crobial agents and a rinse with 0.12%
chlorhexidine. Both rinses are available
commercially and are formulated with
ethanol. Another rinse with 0.06% chlorh-
exidine was included and is identical to the
0.12% rinse except for the concentration of
chlorhexidine.

Collection of oral microflora

Adult volunteers (18–65 years old) partici-
pated in studies that were conducted in
accordance with procedures widely accep-
ted for clinical trials (1). Subjects on
prescription medications or on antibiotic
therapy in the pastmonthwere excluded and
the selected participants were informed of
the test procedure. Volunteers accepted for
tests were provided with a commercially
available fluoride dentifrice and a soft-
bristled toothbrush for their oral hygiene
during the 1-week wash-out phase and for
the duration of their participation in tests. In
addition, volunteers discontinued the use of
all other oral hygiene formulations inclu-
ding chewing gums, mints, etc. Groups of
subjects were scheduled for studies and
requested to discontinue oral hygiene pro-
cedures prior to their arrival at the dental
clinic for sample collection. Based on
availability, a few subjects were scheduled
per day with sample collection completed
by 9 AM. Commercially available drinking
water (Poland Springs, Hollis, ME) was
dispended in sterile tubes (10 ml) and
subjects instructed to rinse for 10 s. The
samples were collected in sterile tubes and
are referred to as saliva rinse samples.
Additional scrapings from the tongue were
collected from subjects who were provided
with a sterile brush (MasterAmp Buccal
Swab Brushes, Epicenter, Madison, WI)
and instructed to scrape the entire surface of
the tongue. Tongue scrapings were pooled
with the saliva rinse samples.

Preparation of dentifrices for tests

Test dentifrices (10 g) were weighed and
mixed with water to obtain dentifrice to
water ratios (w/w) of 1 : 2, 1 : 3, and
1 : 4. These mixtures were stirred to
homogeneity on a magnetic stir plate at
room temperature and the slurries cen-
trifuged at 8,000 g for 10 min. The
supernatants were decanted and used for
tests.

Antibacterial tests

Tests with dentifrices

Oral microbial samples from each subject
(1.9 ml) were incubated for 2 min at room
temperature with 0.1 ml of each dentifrice
concentration and 0.1 ml of phosphate
buffered saline (PBS), as an untreated
control. After incubation, these treatments
were rapidly diluted (10-fold dilutions) in
PBS and plated on appropriate agar as
described for each test. Microorganisms
growing on BA, mitis-salivarius, proteo-
lytic, aciduric, iodophilic and OHO agars
were enumerated after anaerobic incuba-
tion at 37�C for 4–7 days as described
previously (7, 9, 13, 20, 26, 30, 32). Gram-
positive and gram-negative bacteria were
incubated at 37�C in anaerobic conditions
in accordance with published procedures
(7). Aerobic incubation at 37�C for
4–5 days was utilized for the enumeration
of aerobic organisms on BA and lactoba-
cilli on Rogosa agar (7).

Tests with mouthrinses

The tests with mouthrinses were similar to
those described with dentifrices. Mouth-
rinses (0.1 ml) were incubated for 2 min
with oral samples (1.9 ml) from each
subject. These samples and an untreated
control were diluted in PBS and plated on
BA. Media were incubated under anaer-
obic conditions for bacterial enumeration
as described above.

Statistical analysis

Bacterial counts (CFU/ml) from each
subject following each treatment were
transformed to log10 for analysis. The
antimicrobial effects of different concen-
trations of formulations were examined
by analysis of variance (anova). Signifi-
cant differences were analyzed by a
generalized linear model with the two
factors (subjects and treatments) as ef-
fects. Multiple comparison tests with
contrasts examined the effects of specific
concentrations. Studies determining the
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effects of formulations on different types
of bacteria were examined by anova

with posthoc comparisons by Tukey tests.
Statistical analyses were conducted by
SAS (SAS Institute, Cary, NC) with
significance for all tests reported at
P < 0.05.

Results

The ex-vivo effects of different

concentrations of dentifrices on oral

bacteria

Initial studies with 16 subjects com-
pared the effects of different concentra-
tions of dentifrices on oral bacteria. For
the study, the effects of the triclosan/
copolymer dentifrice and the control
dentifrice were tested at three concen-
trations as described in Materials and
methods and are referred to as series
1–3, respectively, in Fig. 1. Within each
series, the concentration of the denti-
frices were similar. The final triclosan
concentrations in series 1, 2, and 3
were 50, 37.5, and 30 ppm, respect-
ively. Within each series (series 1–3)
treatment with the triclosan/copolymer
dentifrice resulted in significantly lower
recoveries of viable bacteria in compar-
ison to the control (P < 0.05). The
percent differences in viable bacteria
between the control and the triclosan/
copolymer dentifrice in series 1, 2 and
3 were 60%, 64%, and 72%, respect-
ively, with posthoc analysis by multiple
comparison tests indicating dose-depend-

ent effects by the triclosan/copolymer
dentifrice (P < 0.05).

The ex-vivo multiplexed effects of

dentifrices on different classes of oral

bacteria

The ex-vivo effects of dentifrices on
different functional groups of oral bacteria
were studied for the triclosan/copolymer
dentifrice and the control dentifrice. The
tests were conducted at the least concen-
tration of both dentifrices from the section
above (equivalent to 30 ppm triclosan).

Effects on gram-positive and gram-

negative bacteria and bacteria implicated

in halitosis

This experiment compared effects of the
triclosan/copolymer and the control denti-
frices on oral bacteria that included the
anaerobic and facultative members, gram-
positive and gram-negative bacteria. The
effects on oral bacteria producing H2S and
proteolytic activity were also determined.
The results (Fig. 2) from this study (sam-
ples from 14 subjects) demonstrate that
treatment with the triclosan/copolymer
dentifrice resulted in a significant decrease
in each class of oral bacteria compared
with the control dentifrice (P < 0.05); a
59%, 51%, 53%, 51%, and 68% percent
decrease in anaerobic bacteria, gram-pos-
itive bacteria, proteolytic bacteria, bacteria
producing H2S and gram-negative bac-
teria, respectively.

Effects on oral bacteria implicated in caries

Recent studies indicate the prevalence of
mutans streptococci and significant num-
bers of several other types of bacteria in
caries. These include bacteria that grow at
low pH (aciduric) and bacteria that syn-
thesize and store intracellular polysaccha-
rides (iodophilic) (21, 24). A study with 10
subjects simultaneously determined the
effects of dentifrices (the triclosan/copoly-
mer and control) on several types of
bacteria, i.e. anaerobic and aerobic bac-
teria, streptococci, iodophilic, acidophilic
bacteria, and lactobacilli. The effects of the
triclosan/copolymer dentifrice were signi-
ficantly greater than the control dentifrice
on each type of bacteria assessed
(P < 0.05) (Fig. 3); a 66%, 89%, 85%,
73%, 90%, and 71% percent decrease in
anaerobic bacteria, aerobic bacteria, mu-
tans streptococci, iodophilic, acidophilic
bacteria, and lactobacilli, respectively.

Statistical analysis of the results from the

three ex-vivo studies comparing the

triclosan/copolymer and the control

dentifrices

The percent differences in the numbers of
oral anaerobic bacteria recovered from
each of the above three trials (with differ-
ent groups of subjects) after treatment with
the control dentifrice and the triclosan/
copolymer dentifrice (at a concentration
equivalent to 30 ppm triclosan) were ana-
lyzed by a paired t-test (a ¼ 0.05). Dif-
ferences between dentifrices from each
trial were significantly greater than zero
(P-values < 0.01), i.e. the average number
of bacteria recovered post-treatment with
the control was always higher than with
the triclosan/copolymer dentifrice .
To examine the overall reproducibility of

the trials, a one-way anova compared the
percent differences of anaerobic bacteria
after using the triclosan/copolymer and the
control dentifrices in the three trials. No
significant differences were found in the
three groups of subjects (P-value ¼ 0.626),
indicating similar effects of the dentifrices
in the three trials (Fig. 4). Further, analysis
of the pooled differences between the
dentifrices from the three trials demon-
strates an average percent difference ± 95%
confidence interval of 65.8% ± 11.0%,
respectively, (95% confidence interval
ranged from 54.8% to 76.8%).

The ex-vivo effects of mouthrinses

With oral samples from 13 subjects,
the effects of the 0.06 and 0.12%
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chlorhexidine mouthrinses were examined
using the rinse without chlorhexidine as a
control. The results (Fig. 5) demonstrate
significant effects of both chlorhexidine
rinses on oral anaerobic microflora in
comparison to the control rinse (P <
0.05). A 77% and 58% decrease in anaer-
obic microflora were observed with the
0.12% and 0.06% chlorhexidine rinses,
respectively, compared with the control
rinse, representing statistically significant
dose-dependent effects (P < 0.05).
Additional parameters demonstrate the

significant effects of these chlorhexidine
rinses on mutans streptococci and oral
bacteria producing H2S compared to the
control rinse (P < 0.05). A dose-depend-
ent decrease in mutans streptococci with
an 81% and 56% decrease in bacteria was
observed with the 0.12% and 0.06%
chlorhexidine rinses, respectively (P <
0.05). The 0.12% and 0.06% chlorhexidine
rinses produced an 82% and 69% decrease
in oral H2S-producing bacteria, respect-
ively; however, no significant dose-
dependent effects were observed.

Discussion

Chlorhexidine and triclosan are broad-
spectrum agents that find application in
oral care formulations (8, 17, 19, 33). The
significant effects of these formulations
have been extensively documented in
clinical studies, with improvements noted
in several indices for oral health. The
present investigations were conducted with
these agents at different concentrations
as model systems to develop and
optimize test parameters with oral samples
ex-vivo.
Test conditions including the period of

bacterial contact with treatments and the
concentrations for agents tested were stan-
dardized. Oral samples were treated for
2 min to reflect the 68–83 s of brushing
reported in subjects (25). Triclosan con-
centrations for the ex-vivo tests ranged
from 37.5 to 50 ppm. Previous studies
report 19 ± 12 lg/ml triclosan in saliva
5 min postbrushing (2). Concentrations of
chlorhexidine in ex-vivo tests are similar to
previous clinical results describing salivary
levels of chlorhexidine after treatments.
Salivary levels of 20 lg/ml of chlorhexi-
dine were reported 15 min after rinsing
with a 0.1% chlorhexidine rinse (31). The
ex-vivo tests with chlorhexidine were con-
ducted with 60 lg/ml.
Procedures for sample collection from

subjects were identical to preserve the
diversity and individual variations in the
prevalence of oral bacteria amongst sub-
jects. Factors including food and host
physiology influence variations in the
composition of oral microflora (4, 8, 27)
in addition to the clonal diversities in
isolates of oral bacteria (F. nucleatum,
Streptococcus mitis, Eikenella corrodens,
Actinomyces naeslundii, Actinobacillus ac-
tinomycetemcomitans, and others) (10, 12,
14, 24). Differences in the antibiotic
susceptibility of laboratory bacterial strains
and those derived from natural environ-
ments (15) and in biofilms are known (11,
27). For example, a recent report indicates
heterogeneity among isolates of Stento-
phomonas maltophilia from cystic fibrosis
and non-cystic fibrosis patients along with
variations in antibiotic susceptibility pat-
terns in related or closely related clones
from individuals (5). In this study, the
antimicrobial effects of test and control
formulations were examined on oral bac-
teria including samples from the tongue to
include bacteria in a biofilm mode of
growth. The advantages of ex-vivo tests
include an examination for effects on the
entire spectrum of oral flora incorporating
natural flora and the diverse clones among
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Fig. 3. The ex-vivo effects of dentifrices (C) and triclosan/copolymer (T) on several classes of oral
bacteria including those implicated in caries. Both dentifrices were applied at similar concentration
and reflect 30 ppm of triclosan/copolymer in the applied dose. Shown in figure are the average
numbers of viable bacteria (log CFU/ml) following each treatment ± the standard error of the mean
from 10 subjects. Statistically significant results are indicated as * by Tukey posthoc analysis
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individuals with the bacteria recovered
after treatment available for microbial
identification. Further modifications
include ex-vivo tests with samples from
individuals screened on the basis of their
clinical status or microbial profiles. It is
unlikely that laboratory methods for asses-
sing antimicrobial effects would suffi-
ciently replicate this range of variables
for the growth of oral microorganisms as
found in samples obtained from the human
mouth.
Microbial culture-based isolation of

microflora examined the effects of treat-
ments on functional groups of organisms
associated with specific oral conditions
for multiplexed antimicrobial effects. This
approach is in contrast to that determining
the effects on selected bacteria such as
Streptococcus mutans, Porphyromonas
gingivalis or A. actinomycetemcomitans
(3, 6, 8, 13). The multiplexed concept
was examined with microbiological
procedures based on previous studies for

the recovery of several classes of oral
bacteria, including anaerobic, aerobic oral
flora, gram-positive, gram-negative bac-
teria, and oral bacteria implicated in
malodor and caries (8, 17, 27, 30, 32).
Also included was an agar medium to
enumerate proteolytic bacteria. Oral bac-
teria metabolize proteins and peptides to
produce malodorous volatile sulfur, com-
pounds which are implicated in malodor
(17). Casein is a primary substrate in the
proteolytic medium and the inclusion of
this agar enabled comparisons with
anaerobic bacteria and those producing
H2S.
Initial studies with the triclosan/copoly-

mer dentifrice demonstrated a significant
dose-dependent effect on oral anaerobic
microflora compared with a commercial
fluoride dentifrice. Further tests at the
lowest concentration of these dentifrices
indicate that the triclosan/copolymer
dentifrice consistently caused significant
decreases in anaerobic bacteria in three

separate trials. These observations are
relevant to the overall reproducibility of
the tests, and indicate that, on average,
treatment with the triclosan/copolymer
dentifrice resulted in a 65% decrease of
bacteria compared with treatment with the
control formulation in the three studies. In
a previous clinical trial, there was a 49%
decrease in salivary microflora along with
effects on bacteria producing H2S in
subjects provided with the triclosan/copol-
ymer dentifrice (28). An extensive series
of clinical trials have conclusively demon-
strated the effects of triclosan/copolymer
on supragingival plaque, gingivitis, and
malodor (33). Further, reductions in
subgingival microflora, including P. gingi-
valis, P. intermedia, and A. actinomyce-
temcomitans, have been reported in
periodontitis-susceptible subjects provided
with the triclosan/copolymer dentifrice
(23). Ex-vivo results on different classes
of microorganisms are consistent with
these earlier clinical results. Gram-positive
and gram-negative bacteria were reduced
by 51% and 68%, and microorganisms
implicated in caries and malodor by 66–
90% and 51–53%, respectively.
Another area investigated was the

effects of mouthrinses in the ex-vivo tests.
Procedures amenable to an assessment of
both dentifrices and mouthrinses enable an
assessment of different delivery systems.
Based its extensive use for oral applica-
tions, chlorhexidine was chosen as the
antimicrobial agent for the mouthrinses.
Tests conducted with two concentrations
of chlorhexidine (0.06% and 0.12%) have
previously been reported as within the
plateau range for dose-dependent effects in
clinical studies (26 and references therein).
Additionally, our previous efforts have
examined the dose–response of chlorhex-
idine in laboratory and clinical studies
(29). In this investigation the effects of
0.06% and 0.12% chlorhexidine mouth-
rinses were compared with a control rinse.
Some studies comparing different chlorh-
exidine mouthrinses have utilized saline as
a control (13); however, for the present
study, the control comprised a mouthrinse
without chlorhexidine. In the ex-vivo
studies, the chlorhexidine rinses demon-
strate a dose-dependent effect on oral
anaerobic microflora compared to the
control rinse and corroborate previous
results examining effects on salivary bac-
teria in samples obtained after rinsing (29).
The 0.12% chlorhexidine rinse resulted on
average in a 77% decrease on anaerobic
bacteria compared to the control rinse, com-
paring favorably with previous clinical
results that demonstrate an approximately
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80% reduction in anaerobic salivary bac-
teria at 5 min postrinsing (13). Other
investigations with chlorhexidine rinses
(formulated with 0.12% or 0.2% chlorh-
exidine) also document substantial effects
(80–99% reductions) on anaerobic salivary
bacteria. However, these studies included
oral prophylaxis or examination after
several days of rinsing (26 and references
therein).
The dose-dependent effects of chlorh-

exidine on oral streptococci were tested,
based on previous reports examining the
effects of chlorhexidine on oral strepto-
cocci (19). Confirmation of the present
results in clinical studies may facilitate the
development of additional intervention
strategies without the side-effects observed
with long-term use of chlorhexidine. The
ex-vivo tests also determined the effects of
the chlorhexidine rinses on oral bacteria
producing H2S and implicated in malodor
and were done on the basis of the signi-
ficant inhibiting effects of chlorhexidine
on oral malodor in clinical studies (17).
The two chlorhexidine rinses demonstrated
significant effects on H2S-producing bac-
teria compared with the control and are
similar to results from a clinical study that
determined the effects on salivary H2S-
producing bacteria (29).
In summary, the advantages of the

ex-vivo procedure include tests with small
volumes of oral samples for simulta-
neously examining several formulations
that may be available as dentifrices or
mouthrinses on bacterial samples from
volunteers incorporating diverse popula-
tions of bacteria. Modifications of the
ex-vivo procedure might include tests with
samples from specific niches of the human
mouth or samples from subjects selected
on the basis of their clinical status. The
ex-vivo procedure may aid in the initial
screening of new investigational agents.
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