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Abstract . Metods @ Resuts

Dental plaque is a leading cause of cavities (AKA dental caries) and gum disease.
This plaque consists of a biofilm formed by bacteria that live in the mouth and
metabolize sugars from the foods we eat. By-products of these metabolic processes
Include lactic acid which degrades tooth enamel. This study sought to examine and
compare the efficacy of several fluoridated and herbal toothpastes against three
plague forming bacterial species (i.e., Streptococcus mutans, Staphylococcus
aureus, and Staphylococcus epidermidis) known to cause dental -caries.
Antimicrobial susceptibility tests were performed via the disc diffusion and
microdilution methods, which allowed for measuring inhibition of microbial growth.
For determining the concentration of each toothpaste needed to completely inhibit
growth of these primary plaque colonizers, the minimum inhibitory concentration
(MIC) for each toothpaste was identified. Data were analyzed using one-way ANOVA
and Tukey’s multiple comparison tests (significant at p < 0.05). It was hypothesized
that herbal toothpastes would show antimicrobial properties comparable to those of
fluoridated toothpastes. Preliminary data showed the highest levels of inhibition
occurred in toothpastes containing sodium fluoride and sodium bicarbonate.

Introduction

Tooth and gum disease are the most common diseases in the world, and they are
caused by dental plaque that attaches to teeth and gums. Plaque is a biofilm formed
by bacteria of the oral microbiome which contains 50 to 200 bacterial species in
humans, and some of these species are more likely than others to cause the

formation of plaque and dental caries!. For example, Streptococcus mutans (S.
mutans) has long been recognized as the primary source of tooth decay due to its

ability to accumulate into a biofilm and metabolize sugarsz. Moreover, S. mutans can

contribute to chronic oral infections due to its tolerance to acidity3. Bacteria
belonging to the genus Staphylococcus form biofilms with the aid of polysaccharide
intercellular adhesins. Some strains of Staphylococcus aureus (S. aureus) have
developed resistance to beta-lactam antibiotics such as penicillin, amoxicillin,
ampicillin, methicillin, oxacillin, and cephalosporins4. Staphylococcus epidermidis (S.
epidermidis) is known to show resistance to many antibiotics, such as ciprofloxacin
and vancomycin5. Biofilm formation is further aided by a sticky, dextran-based sugar
produced as a byproduct of the metabolization of sucrose. Metabolism of lactose and
glucose produces lactic acid which dissolves the thin (1-2 mm), porous layer of

protective tooth enamel®. For centuries, toothpastes have been used to fight tooth
decay; however, toothpastes are only effective at preventing bacterial growth if they

include a therapeutic agent, such as fluoride, as an active ingredient7. Dozens of
clinical studies show fluoride effectively prevents the formation of dental caries by

preventing bacteria from making the enzymes needed to metabolize sugar67

However, with fluoride comes the risk of dental fluorosis, a condition that causes

undesirable changes in tooth enamel, especially in children age 8 and youngers.

Rare cases of dental fluorosis can cause severe damage to tooth enamel. For this
reason, many people have switched from toothpastes containing fluoride to those
containing natural, herbal ingredients such as eucalyptus oil, plant extracts, and

essential oils®. Recent studies have shown these herbal ingredients to be effective at
preventing bacterial growth when incorporated into toothpastesg.

The hypothesis that herbal toothpastes show antimicrobial properties significantly similar to
fluoridated toothpastes was tested by directly comparing the effects of five brands of
toothpaste (Arm & Hammer Advance White™, Crest Complete® 3D White, and Colgate® Total
Whitening, Colgate® Herbal Original and Dr Bronner's All-One Cinnamon) against three
species of bacteria commonly associated with tooth decay and gum disease (i.e., S. mutans,
S. aureus, and S. epidermidis). The ingredients for each toothpaste were compiled and
classified by type (e.g., antimicrobials, abrasives, detergents, etc.; see Table 1).

Table 1: Type and Classification of Toothpaste Ingredients

One of the toothpastes previously thought to contain fluoride (Colgate® Total Whitening)
instead contained calcium peroxide as its active ingredient (see Table 1). Additionally, one
herbal toothpaste (Colgate® Herbal Original) contained fluoride as one of its active ingredients.
MIC was 102 (1%) for each toothpaste against S. aureus and S. epidermidis. S. mutans
showed growth at 1% (mean = 1.3 X 10° CFU/mL, n = 5), but no growth at 10%. It was
rationalized that due to how toothpaste is used, the 50% concentration would be included in
the study, so all three concentrations (1%, 10%, and 50%) were used for disc diffusion testing.

Figure 2: Inhibitory Effects of Toothpastes against Biofilm-forming Bacteria
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Tryptic soy broth (TSB) was used to grow S. aureus and S. epidermidis. TSB + 5% glucose

was used for cultivating S. mutans, which requires glucose for proper cell division1®. Bacteria
were suspended in 10 ml of broth and incubated at 37°C for 24 hrs. To ensure cultures were
pure, S. aureus and S. epidermidis were streaked for isolation on nutrient agar (Fig. 1-A), and
S. mutans was isolated on blood agar. Minimum inhibitory concentration (MIC) of each
toothpaste was determined via ten-fold serial dilutions, followed by plate counts to quantify
colony-forming units per milliliter (CFU/mL). Based on MIC results, 102 (1%), 10 (10%), and
5x10" (50%) were chosen for disc diffusion tests (Fig. 1-B). Broth cultures were spread onto
sterile Muller-Hinton (MH) agar plates (5 per dilution, n = 15). Sterile filter paper discs were
placed onto the surface of each spread plate. Controls were inoculated with sterile water. Test
discs were each inoculated with one of the 15 toothpaste dilutions. MH plates were incubated
at 37°C for 24hrs, and the presence and size of inhibition zones were recorded (Fig. 1-C).

Figure 1: Culturing, Isolation, and Testing for Inhibition
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Disc diffusion tests were five-fold, such that average inhibition zones could be calculated and
used for statistical analyses. Average zones of inhibition were analyzed using one-way ANOVA
and Tukey’s multiple comparison tests (significant at p < 0.05).

B Overall S. mutans S.aureus [ S. epidermidis

Arm & Hammer Crest Complete® Colgate® Total Colgate® Herbal Dr Bronner's
Advance White™ 3D White Whitening Original All-In-One

Figure 2 shows mean inhibition zone size (in mm) for each toothpaste against each bacteria.
Arm & Hammer Advance White™ exhibited antibacterial activity toward all three bacterial
species tested (mean = 2.07 mm, n = 15). Dr. Bronner’s All-In-One exhibited the lowest
antibacterial activity among all five toothpastes, with inhibition zones between 0.16 mm and 1.1
mm (mean = 0.58 mm, n = 15). Table 2 shows the results of one-way ANOVA tests (significant
at p < 0.05, shown in light blue). Arm & Hammer Advance White™, Crest Complete® 3D
White, and Colgate® Herbal Original all showed significantly more antimicrobial activity than Dr
Bronner's All-In-One, as did fluoridated vs. non-fluoridated toothpastes, overall.

Table 2: Results of One-Way ANOVA Significance Testing Among Toothpastes
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Discussion & Conclusions

The hypothesis that herbal toothpastes show antimicrobial properties significantly
similar to fluoridated toothpastes was rejected in this study. While antimicrobial
properties were observed for herbal plant-based ingredients, sodium fluoride
appeared to be the superior active ingredient. This was most pronounced with Arm
& Hammer Advance White™ Toothpaste (p = 0.00), which showed consistent
efficacy against all three bacterial species. Previous studies demonstrated the
benefits of herbal toothpastes; however, direct comparisons between herbal and

fluoridated toothpastes are largely missing from the scientific literature”. Indeed, the
current study included only one truly herbal, non-fluoridated brand (i.e., Dr.
Bronner’s All-In-One Cinnamon Toothpaste) which performed significantly poorly as
compared to the other pastes (Table 2: p = 0.00 - 0.02). While fluoride is a proven

therapeutic toothpaste ingredient7, it iIs important to remember that ingredients
alone do not necessarily dictate how effective a toothpaste will be at preventing
tooth decay and gum disease. For example, results of MIC tests performed in this
study showed that the amount and concentration of the toothpaste used may impact
its efficacy. Additionally, it is imperative that one brushes for the correct amount of

time and with the appropriate frequency11 Significant synergistic effects may exist
for toothpastes and mouthwashes, which warrants future investigation, as do
comparisons between in vitro and in vivo tests and specimen.
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