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AABBSSTTRRAACCTT  

Introduction: Toothpastes contain many different excipients and active ingredients. 

Each excipient, contained in toothpastes, has a specific function that globally 

contributes to an increase in the performance of the toothpastes. Therapeutic agents may 

also be included, such as fluoride (the first active ingredient included in the 

formulations), potassium nitrate, triclosan and stannous fluoride. Nowadays, toothpastes 

are produced to serve multiple purposes at the same time and, thus, possess a complex 

chemical composition. The ideal toothpaste must display several properties, such as 

slight abrasion, froth, sweetening, bleaching and prevention of plaque, calculus and 

decay. 

Aim: The aim of this review was to evaluate the role and influence of some of the 

toothpaste components (fluoride, xylitol, triclosan, sodium lauryl sulphate – SLS, and 

calcium carbonate) in the oral biochemistry. 

Materials and Methods: Clinical trials, research and review papers (1997 - 2011) were 

searched in PubMed.  

Development: The fluoride toothpaste combines the regular disruption of dental plaque 

with the therapeutic interference of fluoride with the caries process. The chemical 

compatibility between the abrasive compounds used in toothpastes and the type of 

fluoride contained in the toothpaste determines the bioavailability of the latter. The most 

commonly used abrasive is calcium carbonate, which promotes an induced raise of 

dental plaque pH, plaque calcium levels and helps in the remineralisation process. 

Fluoride associated with xylitol may be more effective against caries, because this 

combination inhibits demineralization and accelerates remineralization. Toothpastes that 

contain triclosan, are effective in improving the control of different oral disorders and, 

thus, in the maintenance of adequate oral health levels. SLS is one of the most commons 

surface-active agents, which is used in toothpastes as a detergent and a foaming agent.  

Conclusions: All the toothpaste compounds possess their own functions and their 

concentrations in toothpastes are variable according on the purpose of the toothpaste. 

KKEEYY--WWOORRDDSS::  Toothpaste components, fluoride, xylitol, triclosan, sodium lauryl 

sulphate, calcium carbonate 
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RREESSUUMMOO  

Introducão: As pastas dentífricas contêm diferentes excipientes e ingredientes activos. 

Cada um desses excipientes, possuem funções específicas que globalmente contribuem 

para aumentar o desempenho das pastas dentífricas. Agentes terapêuticos, também, 

podem ser incluídos, como o flúor (primeiro ingrediente activo adicionado nas 

formulações), nitrato de potássio, triclosan e flúor estanhoso. Actualmente, as pastas 

dentífricas são produzidas para servir diversos propósitos ao mesmo tempo e, como tal, 

possuem composições químicas muito complexas. A pasta dentífrica ideal deve possuir 

várias propriedades, tas como abrasão, capacidade de fazer espuma, edulcorantes, 

branqueadora e prevenção da placa bacteriana, tártaro e decadência.    

Objectivo: O objectivo desta revisão bibliográfica foi avaliar o papel e influência de 

alguns componentes das pastas dentífricas (flúor, xilitol, triclosan, lauril sulfato de 

sódio – SLS, e carbonato de cálcio) na bioquímica oral. 

Materiais e Métodos: Foi realizada uma pesquisa na base de dados PubMed, sobre 

artigos referentes a ensaios clínicos, artigos de pesquisa e artigos de revisão entre 1997 

e 2011.  

Desenvolvimento: As pastas dentífricas com flúor combinam a remoção da placa 

bacteriana com os efeitos terapêuticos do flúor no processo de formação de cáries. A 

compatibilidade química entre os abrasivos e o tipo de flúor contidos nas pastas 

dentífricas determina a biodisponibilidade do flúor. O abrasivo mais utilizado é o 

carbonato de cálcio, que provoca um aumento induzido no pH da placa dentária, nos 

níveis de cálcio da placa dentária e ajuda na remineralização. A associação entre flúor e 

xylitol pode ser mais efectiva contra cáries, devido à inibição da desmineralização e 

aumento na remineralização. As pastas dentífricas com triclosan, são efectivas em 

controlar diferentes patologias orais, mantendo, desta forma, níveis de saúde oral 

adequados. O SLS é um dos surfactantes mais utilizados e é utilizada nas pastas 

dentífricas como detergente e espumante. 

Conclusão: Todos os componentes das pastas dentífricas possuem a sua própria função 

e as suas concentrações nas pastas dentífricas são variáveis consoante o propósito para 

que são usadas as pastas dentífricas.  
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PPAALLAAVVRRAASS--CCHHAAVVEE::  Componentes das pastas dentífricas, Flúor, xylitol, triclosan, 

Sulfato Lauril de Sódio e Carbonato de Cálcio.  
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IINNTTRROODDUUCCTTIIOONN  

Toothpastes have been used since antiquity
1
 and are one of main indispensable 

elements of oral health care
2
. The development of toothpastes began in China and India, 

as 300-500 BC. Initially, crushed bone, crushed egg and oyster shells were used as 

abrasives in tooth cleaning.
3
 Modern toothpastes were developed in the 1800s. Later, 

soap and chalk were added to their formulations and after World War II, due to 

advances in the synthesis of different detergents, the soap was replaced by emulsifying 

agents such as sodium lauryl sulphate.
2,3

 Recently, formulations that release active 

ingredients with the aim to prevent and/or treat oral diseases have been developed.
1,3

 

Toothpastes usually contain excipients, present in table 1, and active ingredients. 

The first active ingredient included was fluoride
1
, in 1914, but the American Dental 

Association (ADA), only consented it use, in toothpastes, in 1960.
3
   

Table 1 – Toothpaste excipients 

Abrasives Surfactants Humectants 

Alumina 

Aluminium trihydrate 

Bentonite 

Calcium carbonate 

Calcium pyrophosphate 

Dicalcium phosphate 

Kaolin 

Methacrylate 

Perlite (a natural volcanic glass) 

Polyethylene 

Pumice 

Silica 

Sodium bicarbonate 

Sodium metaphosphate 

Amine fluorides 

Dioctyl sodium sulfosuccinate 

Sodium lauryl sulfate (SLS) 

Sodium N lauryl sarcosinate 

Sodium stearyl fumarate 

Sodium stearyl lactate 

Sodium lauryl sulfoacetate 

Glycerol 

PEG 8 (polyoxyethylene glycol 

esters) 

Pentatol 

PPG (polypropylene glycol 

ethers) 

Sorbitol 

Water 

Xylitol 
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Gelling or binding agents Flavours Preservatives 

Carbopols 

Carboxymethyl cellulose 

Carrageenan 

Hydroxyethyl cellulose 

Plant extracts (alginate, guar 

gum, gum arabic) 

Silica thickeners 

Sodium alginate 

Sodium aluminum silicates 

Viscarine 

Xanthan gum 

Aniseed 

Clove oil 

Eucalyptus 

Fennel 

Menthol 

Peppermint 

Spearmint 

Vanilla 

Wintergreen 

Alcohols 

Benzoic acid 

Ethyl parabens 

Formaldehyde 

Methylparabens 

Phenolics (methyl, ethy, propyl ) 

Polyaminopropyl biguanide 

Colours Film agents Sweeteners 

Chlorophyll 

Titanium dioxide 

Cyclomethicone 

Dimethicone 

Polydimethylsiloxane 

Siliglycol 

Acesulfame 

Aspartame 

Saccharine 

Sorbitol 

 

Each excipient has specific functions: abrasives, remove debris and residual stain; 

humectants, prevents loss of water; thickening agents or binders, stabilize toothpaste 

formulations and prevent separation of liquid and solid phases; flavoring and foaming 

agents, give a better taste to toothpastes, in order to consumers may be able to choose 

the one they like more. 
25 

Due to the necessity to prevent excessive wear of the 

underlying enamel and dentine, the toothpaste abrasiveness needs to be moderated. 
27

 

Therapeutic agents may also be added to toothpastes.
 25

 Those include fluoride, 

potassium nitrate, triclosan and stannous fluoride. Fluoride is used for reducing caries, 

potassium nitrate to treat dentinal hypersensitivity, and triclosan and stannous fluoride 

to reduce gingival inflammation. 
25 

Other agents that may be added to toothpastes to provide esthetic benefits are 

pyrophosphates or zinc citrate, to prevent tartar buildup, and various abrasives or 

enzymes, to help whitening teeth. 
25

 Some toothpastes may also present natural 

components, such as propolis and jua, for specific purposes, such as tooth bleaching, 

dental erosion control or to reduce sensitivity. 
3
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Nowadays, toothpastes are produced to serve multiple purposes at the same time 

and, thus, possess a complex chemical composition. The ideal toothpaste must have the 

following properties: slight abrasion, froth, sweetening, bleaching and prevention of 

plaque, calculus and decay. 
2,4 

Moreover, toothpastes may also function as vehicles for 

antimicrobial agents that may have a preventive/therapeutic role in periodontal disease.
4, 

26
 The complex composition of toothpastes implies that it is necessary to ensure that the 

active ingredients are not inactivated.
1
 For example, calcium carbonate binds to sodium 

fluoride rendering it ineffective as an anti-caries agent. So, the elaboration of a correct 

composition of a toothpaste is of crucial importance, regarding its effectiveness on oral 

health maintenance.  

Toothpastes may also contain allergenic synthetic products. That is one of the 

reasons why health care providers and dental practitioners must be prepared to the 

possibility of allergic reactions, and must be aware to take all the necessary precautions. 

2
 The selection of natural additives instead of artificial products in toothpastes may 

provide a positive influence on the prevention of allergic reactions. 
2
 

Taken together, the knowledge of the role and influence of the toothpaste 

components in oral biochemistry assumes an extreme relevance in the medico-dental 

activity. This review aims to highlight the effects of some of those components in the 

biochemical processes that occur in the oral cavity. 
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MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

Clinical trials, research and review papers (1997 - 2011) were searched in 

PubMed using the following keywords: toothpaste, ingredients, compounds, fluoride, 

xylitol, triclosan, sodium lauryl sulphate, calcium carbonate and oral cavity.  
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Toothpastes contain many different components, either excipients and active 

compounds. This review will focus on the role of some of them, and on their effects on 

oral biochemical processes. 

FFLLUUOORRIIDDEE 

Fluoride can present itself in many ways. Water fluoridation and fluoride 

toothpastes are recognized as the most effective methods to control caries.
7, 33, 34 

The effectiveness of toothpaste containing fluoride salts in reducing tooth decay, 

is well demonstrated.
1, 5, 6 

The fluoride toothpaste combines the regular disruption of 

dental plaque with the therapeutic interference of fluoride with the caries process. 
6
 

As already mentioned, fluoride was the first active ingredient added to 

toothpastes.
1 

Toothpastes could contain fluoride as sodium fluoride, sodium 

monofluorophosphate, amine fluoride and stannous fluoride.
1, 6 

According to the 

literature, all this presentation forms of fluoride are equally effective. 
1
 Nevertheless, 

there are some factors that can affect the effectiveness of those forms.  

In the toothpaste formulation, fluoride must be found chemically free (soluble) in 

order to ensure a proper bioavailability in the oral cavity during toothbrushing.
6 

The 

chemical compatibility between the abrasive compounds used in toothpastes and the 

type of fluoride contained in the toothpaste determines the bioavailability of the latter. 

The most commonly used abrasive, calcium carbonate, binds to sodium fluoride, 

rendering, part of it, ineffective as an anti-caries agent, even if the toothpaste is 

formulated with sodium monofluorophosphate (MFP).
1, 6 

In order to determine fluoride 

concentrations in toothpaste, Cury et al. determined three forms of fluoride available: 

fluoride ion (FI), total soluble fluoride (TSF), and total fluoride (TF). TSF results from 

the sum of FI plus fluoride as MFP, and TF results from the sum of TSF plus insoluble 

fluoride (IF) that is the fluoride bound to the abrasive. From these analyses, the 

concentrations of fluoride as MFP and the percentage of IF were calculated. The results 

revealed that in almost 50% of fluoride toothpastes TSF concentration was lower than 

that of TF. 
6
 This is usually due to, as mentioned before, the incompatibility between the 

abrasive agent and the fluoride. This finding was observed only in toothpastes 

containing MFP, because those with sodium fluoride contain silica as the abrasive 

agent. 
6
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In the MFP molecule, fluoride is covalently bound to phosphorus. This bonding 

isn’t stable, consequently fluoride is released and ions fluoride reacts with the calcium 

from the abrasive resulting in the formation of CaF2, that is caries inactive. 
6 

Due to the 

fact that a part of fluoride is inactivated by the abrasive, on the formulations with this 

combination, the concentration of fluoride must be high, such as 1500 ppm, in order to 

compensate the amount of fluoride that is inactivated by the abrasive during product 

storage. 
6
 

Toothpastes containing stannous fluoride demonstrated an antiplaque effect, that 

was statistically significant, but most likely not a clinically significant effect. Those 

findings suggest that stannous fluoride does not acts in the suppression of plaque mass, 

but in altering the ability of the plaque to affect the levels of gingivitis. 
26

 Bacca et all, 

suggested that its efficacy in reducing gingivitis was not due to the overall quantity of 

plaque, but to its alteration of the virulence and effects of the plaque composition. 
26

 

According to Orbak et al, if an ionizing brush is used during toothbrushing with 

stannous fluoride, it provides significantly greater release of fluoride than did the 

stannous fluoride alone. In this study, negative fluoride ions, resulting from stannous 

fluoride, were used as a desensitizing agent. This property of stannous fluoride was 

demonstrated in several clinical trials.
10

 

The effectiveness of fluoride toothpastes also depends on fluoride concentration, 

which varies among the different toothpastes.
1,3

 There are formulations fluoride-free 

and others with a very high concentration of this compound, such as 5000 ppm. 
3 

The 

recommended concentration of fluoride in toothpaste is 1000 ppm for children aged up 

to 3 years and fluoride 1350-1500 ppm for children aged from 3 to 6 years old. 

Toothpastes containing fluorides in concentrations higher than 1500 ppm should only be 

bought with medical prescription and may be used by individuals above 10 years old. 

This kind of toothpaste should be used in specific clinical contexts, like, for example, by 

individuals with high caries risk. 
1 

The predominant effect of fluoride is local and consists in its interference with the 

dynamic equilibrium between demineralization and remineralization of enamel. For this 

reason, fluoride must be present in biofilm fluid and in saliva during the sugar exposure 

in order to ensure a correct equilibrium between both processes. 
7
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Saliva, as the most important calcium reservoir for reminaralization of teeth, 

influences the biovailability of fluoride, important for the inhibition of caries lesions. 
31 

At physiological conditions, the oral fluids such as saliva and fluid biofilm, have 

calcium (Ca) and phosphate (Pi) in supersaturated concentrations with respect to the 

mineral composition of enamel. Consequently, these ions are continually deposited on 

the enamel surface or are redeposited in enamel areas where they were lost. This 

mechanism can be considered a natural defense phenomenon promoted by saliva to 

preserve the mineral structure of enamel in the mouth. 
30

 

Every time sugar is ingested, acid is produced by bacterial metabolism, which 

causes a decrease in pH of dental plaque and, consequently, the biofilm fluid becomes 

unsaturated on Ca and Pi and enamel is dissolved. (Fig. 1) 
7, 31

 The use of fluoride-

containing toothpastes increases the amount of fluoride in the oral cavity. In one hand, 

this fluoride, present in the biofilm fluid, combines with calcium and inorganic 

phosphorous released by dissolution of hydroxyapatite, forming fluoropatite. This 

inorganing compound is incorporated by enamel (at pH higher than 4.5), which 

decreases enamel dissolution. 
7 

A critically low pH is maintained for a certain time 

during sugar esposure, but when it ceases, pH value returns to physiological values, 

allowing enamel incorporation of fluoropatite to occur. 
31 
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Figura 1 – Enamel demineralization in the presence of fluoride (F) in dental 

biofilm. Sugars (sucrose, glucose, fructose) are converted to acids in the biofilm. 

When the pH decreases to values lower than 5.5, undersaturation with respect to 

hydroxyapatite (HA) is reached in the biofilm fluid, resulting in mineral dissolution. 

However, if the pH is higher than 4.5 and in the presence of fluoride (F), the biofilm 

fluid becomes supersaturated with fluorapatite (FA), and there is reprecipitation of 

minerals in enamel. As a consequence, net demineralization is reduced.
7, 30

  

On the other hand, the presence of fluoride enhances the ability of saliva to 

remineralize enamel.
7
 Salivary fluoride kinetics depends upon different factors: flow 

rates, age, stimulation effects, properties of fluoride containing products, volume and 

application time of these products, vehicle of fluoride, individual characteristics of 

saliva. The interaction between these factors affects the process of fluoride clearance 

from the oral cavity. 
31

 Fluoride has been shown to have the potential to harden enamel 

surfaces and encourage remineralization.
8
 This happens when pH rises to values higher 

than 5.5 and the supersaturing conditions mentioned above are restored (Fig. 2). 

Consequently, if fluoride remains in the oral environment after the cariogenc challenge, 

small amounts of calcium and inorganic phosphorous, that has been lost by enamel 

during the pH decrease, can be more efficiently recovered, both in the form of 

hydroxyapatite and fluoroapatite. 
7, 31

 Redeposition of the mineral lost by enamel can 

occur by Ca and Pi found in the biofilm fluid or by direct action of salivary Ca and Pi 

soon after the biofilm is removed by toothbrushing. The amount of Ca and Pi 

incorporated, however, might be lower than that lost, and the net result is a small 

mineral loss. 
31
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Figure 2 – Enamel remineralization in the presence of fluoride (F) in dental biofilm. 

After exposure to sugars has ceased, acids in the biofilm are cleared by saliva and 

converted to salts. As a result, the pH increases, and at pH 5.5 or above, the biofilm 

fluid is supersaturated with respect to hidroxyapatite (HA) and fluorapatite (FA). 

Thus, calcium (Ca) and inorganic phosphorous (Pi) lost by enamel dissolution can 

be more efficiently recovered if fluoride (F) is still present in the biofilm.
7, 30

  

Every time that we brush our teeth with fluoride toothpaste, the concentration of 

fluoride in saliva increases one hundred times and returns almost to baseline values after 

two hours. The fluoride that is released in the oral cavity is stored on enamel surface 

and on remaining dental biofilm, mainly as calcium-fluoride (CaF2) like deposits.
7, 9 

In 

this way, the levels of fluoride, in oral cavity, are maintained throughout longer periods. 

The formation of calcium-fluoride on enamel surface depends on the surrounding pH. 

Hence, reducing the pH of the dentifrice can increase the amount of CaF2 formed 

in enamel surface. For this reason, in some cases low-concentration fluoride toothpaste 

could have the same anti-caries effect as conventional fluoride toothpaste (1000-1100 

ppm fluoride toothpaste).
9
 Moreover, these reservoirs would release higher amounts of 

fluoride on the biofilm fluid during the decrease of the pH due to sugar fermentation. 

This may reduce enamel demineralization and enhance its remineralization. 
7
 Finally, 

there is a consensus that the loosely bound fluoride type CaF2 is responsible for the anti-

caries effect of topical fluoride.
9 

Fluoride toothpastes are a primary means of preventing childhood caries, but also 

are considered a risk factor for fluorosis.
1, 6, 34, 35
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Fluorosis results from an excessive exposure to fluoride during enamel formation. 

33, 34
 The early maturation stage of enamel development is more critical, with regard to 

the development of fluorosis, than the secretory stage. 
34 

Therefore, the early erupting 

permanent teeth, such as incisors and first molars, seems to be most susceptible to 

fluorosis during the first two to three years of life, due to ingestion of fluoride 

toothpastes during this time 
32, 34 

Consequently, the amount of toothpaste recommended 

to young children use is, only a pea-sized amount, and their parents must supervise 

them while they are brushing their teeth. 
1, 34

 

Cury et al, demonstrated that a toothpaste containing 1100 ppm fluoride, where 

the total fluoride is soluble, could have the same risk to induce fluorosis as a toothpaste 

which was formulated with 1450 ppm total fluoride, but presents only 1122.8 ppm of 

soluble fluoride. 
6  

Fluorosis prevalence was reported by levels of estimated fluoride intake in an 

effort to understand the importance of different levels of daily fluoride intake.
32

 

Fluorosis prevalence is related to the elevated fluoride intake when averaged over the 

first three years of life, but is even more strongly related to fluoride intake that is 

elevated for all of the first three years of life. 
32 

Additionally, due to the fact that no proteinase genes have been linked to inherited 

diseases of enamel formation, there is no unequivocal evidence that enamel proteases 

and their activities are critical to enamel formation or development of enamel fluorosis. 

33
 

The milder forms of enamel fluorosis are clinically characterized by narrow white 

lines following the perikymata, cuspal snowcapping and a snowflaking appearance that 

lacks a clear border with enamel that wasn’t affected. 
33 

Relatively to fluorosis 

histopathology, this enamel presents a subsurface hypomineralized lesion covered by a 

well-mineralized outer enamel surface. At the electron microscopy it’s possible to see 

that the structural arrangement of the crystals appears normal, but fluoride causes 

porosity on the forming enamel. 
33

 That porosity increases with the increasing of 

fluorosis severity. In severe fluorosis, the lesion extends toward the inner enamel and 

the fluoride content increases. After eruption, the opaque areas may become stained 

yellow to dark brown, and the more severe forms are subject to extensive mechanical 
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breakdown of the surface. The severity of the enamel lesion depends on the total 

fluoride intake, regardless of fluoride source. 
33

  

It is established that the pathogenic effects of fluoride on fluorosis  aren’t due to 

effects on cellular metabolism or systemic metabolism, but rather are due to local 

effects on the mineralizing environment. 
33

 

 

XXYYLLIITTOOLL 

Xylitol, is a sugar-alcohol (pentol) currently used as an over-the-counter non-

acidogenic sweetener.
 11, 12

 It started to be used in food since 1963, when it was accepted 

by the US FDA. This compound showed to be an effective tooth decay preventive 

agent, 
12

 but its effectiveness is not yet conclusive and is based largely on studies in 

child populations. 
13

 Furthermore, those studies were mainly based on consumption of 

an amount that is neither found in the majority of food or other xylitol containing 

products, with a minimum daily frequency.
12  

Nevertheless, it has been shown that an association between fluoride and xylitol 

may be more effective against caries than the fluoride alone. With this combination 

demineralization is inhibited and remineralization is accelerated. 
11 

According to Sano et al, xylitol might be involved in the enamel demineralization 

and remineralization processes by acting as a Ca
2+

 carrier, facilitating Ca
2+

 movement 

and accessibility.
11 

In their study, they examined the effect of fluoride and xylitol 

containing toothpaste, on the reminaralization of human enamel, using the Quantitative 

Light-induced Fluorescence (QLF) method. They demonstrated that, when comparing a 

toothpaste containing 500 ppm fluoride and 5% of xylitol and a toothpaste without 

xylitol, the former showed a more enhanced remineralization promoting activity. They 

also demonstrated that the concentration of xylitol is important for the observed 

remineralization effect, because in their pilot study, a toothpaste containing 500 ppm 

fluoride and 0,1% of xylitol didn’t show any remineralization capability when 

compared to a 500 ppm fluoride toothpaste.
 11
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Xylitol, like all sweeteners, promotes mineralization also by increasing the flow-

rate of saliva production, but it presents a very important feature, that is, xylitol is non-

fermentable by oral bacteria. 
11

, 
14  

Moreover, xylitol also inhibits the growth and metabolism of several bacterial 

species, but among the oral bacteria, the Mutans streptococci (MS) appear to be the 

main target organism of xylitol. 
12, 14, 15

 This bacterium has been implicated as a major 

etiological agent of dental caries. 
13

 Xylitol inhibits MS growth by promoting the 

disruption of glucose cell-wall transport. Inside the cells, xylitol inhibits glycolytic 

enzymes, resulting in the inhibition of both growth and acid production. 
14 

Another 

function of xylitol is the capability to reduce the adhesiveness of MS to tooth biofilms.
12  

If xylitol is present in the medium during MS growth, even with low 

concentrations of xylitol such as 0.01%, a significant growth inhibition is observed.
 14

 

(Fig. 3)  



13 
 

  

Figure 3 - Growth curves of a clinical isolate of S. mutans in the presence of various 

concentrations of xylitol (X). Significant differences compared to the control curve (C): 

***p < 0.001; **p < 0.01; *p< 0.05. The arrows indicate maximal growth inhibition during 

log phase compared with the control. Mean ± SD, n = 4. 
14

  

 

The effect of xylitol consumption remains as long as the consumption lasts. 

Consequently, during this time, the amount of MS in oral cavity decreases and remains 

on a lower level. Nevertheless, it has been demonstrated that long-term, habitual xylitol 

consumption selects for MS strains not inhibited by xylitol. This finding means that 

after prolonged xylitol consumption, that molecule might lose its capability to inhibit 

the majority of MS. 
14
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It was observed that xylitol elicits a decrease on the synthesis of insoluble 

polysaccharides by Streptococcus mutans in vitro
14

. When the plaque of habitual xylitol 

users is compared with the plaque of non-users, the first one appears to contain fewer 

insoluble polysaccharides. Under these circumstances, MS exposed to habitual xylitol 

consumption in vivo may be lee adhesive and, thus, less cariogenic, compared with 

those of non-consumers. 
14

 (Fig 4) 

 

Figure 4 - The effect of habitual xylitol consumption on MS may be explained both by a 

decrease in total counts and by the adhesivity of MS. Xylitol may reduce the synthesis of 

extracellular polysaccharides in vivo, leading to a change in the plaque-saliva distribution 

of MS. The MS loosely bound to plaque are suggested to be easily shed to the saliva during 

mechanical saliva stimulation. 
14

 

 

Habitual xylitol consumption has been associated, in several clinical studies, with 

a decrease in the amount of dental plaque in healthy individuals.
16

 On the other hand, in 

the case of poor oral hygiene xylitol does not seem to affect the amount of plaque. 
14 

That fact could be explained by emphasizing that xylitol is a rather inert molecule which 

is not retained in the oral cavity; consequently, to penetrate into the plaque, xylitol 

needs means of diffusion. Therefore, this observations suggest that xylitol reduces the 

amount of dental plaque probably mainly due to a decrease in the adhesivity of it. 
14
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The beneficial effects of xylitol in oral health are dependent on the dosage 

involved which must be a daily consumption of 5-7 g xylitol/day, with consumption 

frequency of at least three times a day. 
14, 15 

Neverthelss, there are evidences suggesting 

that xylitol-containing toothpastes with lower doses and less-frequent exposures might 

also be effective, although, at the present, synergistic effects of xylitol with fluoride or 

triclosan (presents, also, on toothpastes) can’t be ruled out. 
15

 

 

TTRRIICCLLOOSSAANN 

 Due to the difficulty in achieving an ―ideal‖ mechanical plaque control, scientists 

and clinicians started to search and investigate potential chemical antimicrobial agents 

that could be included in toothpastes and, thus, help to inhibit biofilm formation on 

tooth surfaces. 
21

 

Triclosan was developed over 40 years ago, being first introduced as a surgical 

scrub. Over the last 20 years its applications have increased significantly in personal 

care products including soap, hand sanitizer, cosmetics, and toothpaste, as well as 

household products 
18

 such as odor-fighting socks and germ-resistant sponges, 

kitchenware, and bedding. 
19, 20

 

Triclosan is a broad-sepctrum antimicrobial agent. 
17, 18, 19, 20

 It exerts that activity 

mainly by inhibiting the enoyl-acyl carrier-protein (ACP) reductase enzyme involved in 

bacterial fatty acid biosynthesis 
18, 28

, and, consequently, impairing the correct 

development of many gram-positive and gram-negative bacteria, molds and yeasts. 
17, 19 

Moreover, it seems also to block the uptake of aminoacids by bacteria
17, 21

 Thus, at low 

concentrations, triclosan acts mainly as a bacteriostatic agent. On the other hand, at high 

concentration, a rapid bactericidal effect occurs due to the association of membrane 

destabilization and triclosan induced K
+
 leakage.

17
 This higher concentration of 

triclosan is applied, for example, in dermatological preparations. In the oral cavity, 

triclosan concentration is low and, thus, its action is mainly bacteriostatic.  

Triclosan demonstrated effectiveness in reducing plaque and gingivitis, but failed 

to produce significant reductions in caries. 
29  
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Triclosan has a potent activity against Streptococcus mutans, Streptococcus 

sanguis, Strptococcus salivarius and Actinomycetes species.
19

 For this reason, 

toothpastes that contain triclosan, are effective in improving the control of different oral 

disorders and, thus, in the maintenance of adequate oral health levels.
1
 

In vivo microbiological tests of triclosan/copolymer toothpastes demonstrated its 

capability to penetrate the biofilm mass and kill bacteria that were growing within 

biofilms.
21, 26

 Besides, this molecule can also reach areas that present a higher difficulty 

to be cleaned, such as interproximal tooth surfaces. It has a positive track record of 

safety and its use doesn’t seem to increase the levels of resistant species. 
21

  

However, copolymer appears as a necessary element for triclosant to exert its 

functions, as the formulations containing triclosan alone did not exhibit a similar 

efficacy.  
26 

Indeed, as observed by Gunsolley, toothpastes containing triclosan with 2.0 

% Gantrez copolymer or stannous fluoride are able to induce a significant reduce on the 

levels of gingival inflammation. 
26  

According to Teles, toothpaste containing 0,3% triclosan and 2% polyvinyl 

methyl ether maleic acid copolymer, demonstrated significant antiplaque and 

antigengivitis properties.
21

 On this formulation, copolymer increases the retention of 

triclosan on the tooth and on the oral soft tissue surfaces, increasing the triclosan 

concentration on plaque and saliva. 
21

 

Fine et al, studied the effects of a triclosan/copolymer dentifrice, used twice a day 

during one week, on the levels of Veillonella Species (SP), Fusobacteria SP total 

anaerobes and hydrogen sulfide-producing bacteria. 
22

 Those effects were tested on 

samples of plaque, saliva and tongue scrapings collected 6 and 12 hours after the last 

toothbrushing. The findings showed significant reductions in total anaerobes in the 

triclosan/copolymer group, in all the three different samples. The observed reduction on 

Fusobacteria SP. and Veillonella SP., was different regarding the period after the last 

toothbrushing. Six hour after it, the observed decrease was 77% for Fusobacteria SP. 

and 90 for Veillonella SP. On the other hand, 12 hours after brushing this drecrease was 

92 and 85%, for Fusobacteria SP and Veillonella SP, respectively. 
22 
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The effectiveness of triclosan/copolymer toothpaste was examined in several 

other studies. The percentage reduction in plaque, in those studies is presented in table 

2. 
22 

Table 2: Antiplaque and antigingivitis effects of triclosan/copolymer dentifrices 
22

 

Study Year N Duration Plaque 

QHI 

Plaque 

Severity 

Gingivitis 

LSI 

Gengivitis 

Severity 

Garcia-Godoy et al. 1990 108 7 months 58.9%  97.7%  30.2%  87.7% 

Cubells et al. 1991 108 6 months 24.9% 50.8% 19.7% 57.5% 

Deasy et al. 1991 121 6 months 32.3% 73.6% 25.6% 57.1% 

Denepitiya et al. 1992 145 6 months 18.4% 29.2% 31.5% 57.1% 

Mankodi et al. 1992 294 6 months 11.9% 19.3% 19.7% 73.6% 

Bolden et al. 1992 306 6 months 17.0% 18.6% 29.0% 47.6% 

Triratana et al. 1995 120 6 months 32.9% 46.0% 18.8% 38.3% 

Lindhe et al. 1993 110 6 months 31.2% 
Not 

Reported 
26.6% 

Not 

Reported 

Palomo et al. 1994 98 6 months 12.7%  23.1%  24.1%  38.4% 

Kanchanakamol et al. 1995 124 6 months 12.1%  16.3%  
Not 

Reported 

Not 

Reported 

Allen et al. 2002 110 6 months 29.9% 59.2% 21.4% 69.2% 

Mankodi et al. 2002 109 6 months 18.7% 60.5% 22.2% 85.1% 

Triratana et al. 2002 124 6 months 34.9% 52.1% 25.7% 40.3% 

 

In 2009, the European Union’s Scientific Committee stated that the continued use 

of triclosan in cosmetic products, with a concentration equal or higher than 0,3%, was 

considered not safe for the consumer due to the magnitude of the aggregate exposure. 

However, the use of triclosan in specific subcategories, such as toothpaste, is considered 

safe. 
20

 

 

SODIUM LAURYL SSUULLPPHHAATTEE (SLS) 

SLS is one of the most commons surface-active agents. It is used in toothpastes as 

a detergent and a foaming agent, replacing soap in the formulations. 
3
 Moreover, this 

molecule not only provides the effervescent action of dental toothpastes and enhances 

the removal of food particles, but also helps in the distribution of the toothpaste in the 

oral cavity. 
2  
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It is one of the leading toothpaste components that cause local and systemic 

reactions. 
2, 23

 Multiple allergic and toxic reactions were reported due to frequent use of 

this substance. 
2
 Some local reactions include mucosal irritation and ulcers similar to 

aphthous ulceration. 
23

 Also, it was suggested that systemic ingestion of SLS may exert 

a carcinogenic effect. 
2
   

Ersoy et al., reported a case about allergic reaction to SLS containing in 

toothpaste. 
2
 The patient was 25 years-old and his complains were dentinal 

hypersensitivity and gingival bleeding. The patient indicated that he experienced several 

physiological disturbs, such as abdominal gases, bloating, cramps, and diarrhea, which 

occurred after brushing the teeth using toothpaste. In order to study the possibility that 

the problem was in the composition of the toothpaste, three test samples were prepared 

in the laboratory one of them did not contain SLS (SLS – free). The symptoms occurred 

with two of those samples but not with the SLS-free. 
2
  

The addition of SLS to dentifrices increases their abilities to increase plaque 

fluoride concentrations. It was observed that if the concentration of SLS ranges between 

0.5% (17 mmol/Kg) and 2% (69 mmol/Kg), it possesses a strong affinity for calcium. 

Consequently, it provides a decrease in the deposition of alkali-soluble fluoride on 

enamel and an increase on the solubility of calcium fluoride in water, which indicated a 

reduction in ionic calcium concentrations. 
24 

 

CCAALLCCIIUUMM CCAARRBBOONNAATTEE 

Calcium carbonate (chalk) is the most common abrasive used in toothpastes. 

Some properties of this component are the induced raise of dental plaque pH, of plaque 

calcium levels and the help in the remineralisation process. 
1 

In recent years, the demand for products that promote a whitening of the teeth has 

increased significantly. For this reason, whitening toothpastes containing calcium 

carbonate and perlite, as the abrasive system, and an efficient fluoride source were 

developed. This new formulations appear to be effective in removing teeth extrinsic 

stain in vitro, according to Joiner. 
37 

The comparison between calcium carbonate 

toothpaste with silica non-whitening toothpaste showed that the first one seems to be 

more effective in removing naturally occurring extrinsic tooth stain, after two weeks of 
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twice daily toothbrushing. 
37

 Furthermore, extrapolation of the in situ dentine wear data 

measured over 12 weeks for a calcium carbonate/ perlite toothpaste to a possible 

lifetime of brushing indicated that while low levels of dentine wear will occur, the 

amount will be very small over a lifetime, according to Ashcroft. 
36 

In 1985, Hachiya et al. etched and stored extracted permanent teeth in artificial 

saliva for one month and during this time a group was submitted to fifteen brushing 

sessions with calcium carbonate toothpaste 
38

. On one hand, irregularities produced by 

etching were retained in the enamel that wasn’t brushed. On the other hand, the brushed 

group presented rounded surface defects, although depressions were not completely 

eliminated. 
38

  

In order to enhance lesion remineralization and inhibit demineralization, it is 

important to increase the toothpaste concentrations of calcium, phosphate, hydroxide 

and fluoride ions. In that context, calcium carbonate appears as an important component 

of toothpaste formulations. The elevation in the concentration of calcium ion and in pH 

results in an increase in the degree of saliva saturation value with respect to 

hydroxyapatite, favoring apatitic mineral deposition in the lesions. This is the basis for 

calcium carbonate caries-preventive effect. 
39 

 

Another form to assist in mineralization process is the incorporation of an arginine 

bicarbonate/calcium carbonate compound on toothpaste formulations. 
40 

Arginine 

bicarbonate is an higly soluble component that surround, or is surrounded by, particles 

of calcium carbonate, that is a poorly soluble component. This formed complex 

possesses adhesives properties and forms a paste-like plug that besides filling dentine 

tubules, it also adheres to their walls. This combination also reacts with calcium and 

phosphate ions presents in the dentinal fluid, due to its alkalinity, and makes the plug 

chemically contiguous with the dentinal walls. 
40

 

Calcium carbonate containing toothpastes possesses good retention properties on 

oral proteinaceous surfaces, such as mucous membrane, tongue and pellicle. 
39  

Chemically, when calcium carbonate is placed in aqueous solution, it is 

equilibrated with calcium and carbonate ions in solution. The partial pressure of CO2 in 

air equilibrates the concentration of carbonate ions. For this reason, when calcium 
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carbonate is placed in pure water, it loses the CO2 into the atmosphere and yields 

calcium and hydroxide ions in the solution. 
39  

Furthermore, Nakashima et al., thought that the specific surface area of nano-sized 

calcium carbonate would be extremely large because of its great size, when compared 

with calcium carbonate powders for toothpaste abrasive. Consequently, the rate of 

dissolution of nano-sized calcium carbonate would be faster than that of the other 

calcium carbonate products. 
39

 

Not only different abrasives display different cleaning and abrasivity pattens, but 

also, chemically identical abrasives such as hydrated silica and calcium carbonate can 

have differences on their effects and different ratio values. The mixture of chemically 

different abrasives can result in effects which differ distinctively from those of the 

individual components. 
41
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CCOONNCCLLUUSSIIOONNSS  

The literature review suggests that there are many different formulations of 

toothpastes and that each of their individual components present specific functions. The 

concentration of the tooth paste ingredients must be appropriately chosen taking into 

account the purposes of the toothpaste. Combination of different substances may 

potentiate their individual effects. Thus, the multiplicity of used components in 

toothpastes allows it to interfere with several aspects of oral biochemistry, helping to 

promote and maintain an adequate oral health status. 
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