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ABSTRACT

Caries is a multifactorial and transmittable disease that 
results mainly from bacteria present in the oral cavity. 
Oral microorganisms can produce metabolic acids that 
diffuse through dental tissues and interfaces leading 
to dissolution of mineral. In dentine, after mineral is 
dissolved, organic matrix is also exposed to breakdown by 
host enzymes such as matrix metalloproteinases (MMPs) 
that are activated by low pH followed by neutralization. 
This review aims to discuss the activity of different 
antibacterial and antiproteolytic compounds such as 
chlorhexidine and natural polyphenols in the control of 
caries progression.
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Protection of tooth structure by chlorhexidine and natural 
polyphenols: a review

RESUMO

A cárie é uma doença transmissível e multifatorial, resultante 
principalmente da presença de bactérias na cavidade oral. 
Os microorganismos orais podem produzir metabólitos 
ácidos que se difundem entre os tecidos e interfaces 
dentais levando a dissolução de minerais. Na dentina, após 
dissolução mineral, a matriz orgânica também é sujeita 
à degradação por enzimas, como as metaloproteinases 
(MMPs), que são ativadas pelo baixo pH seguido de 
neutralização. Esta revisão objetiva discutir a atividade de 
diferentes compostos antibacterianos e antiproteolíticos, 
como clorexidina e polifenóis, no controle da progressão 
de lesões cariosas.
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bAcKground

Several reports have shown that caries progression 
and bond degradation within hybrid layer are likely 
to occur due to degradation of hydrophilic restorative 
monomers and/or self-degradation of dentine collagen 
fibrils [1,2]. In bond degradation, this mechanism is 
initiated from beneath the bonded interface with the 
breakdown of demineralized and denatured collagen 
matrices by host derived MMPs [3]. On the other 
hand, dental caries is a transmissible bacterial disease 
caused by acids (lactic, acetic, formic and propionic) 
from bacterial metabolism, diffusing into enamel and 
dentine and dissolving the mineral [4]. The caries 
process is a continuum resulting from successive 
cycles of demineralization and remineralization. 
Demineralization begins at the crystal surface inside 
the enamel and continues unless arrested with the 
end-point being cavitation. Remineralization is 
a natural repair process for disease confined into 
enamel. Here calcium, phosphate and fluoride ions 
rebuild a new surface on existing crystal remnants 
in subsurface lesions creating an acid resistant layer, 
being much less soluble than the original mineral 
[4]. During cavitation, the mineral part of dentine is 
dissolved, exposing the organic matrix to breakdown 
by bacterially-derived enzymes and MMPs present 
within dentine and also from saliva [5]. It has 
been reported that MMPs or matrixins hydrolyze 
components of the extracellular matrix [6] contributing 
to many biological and pathological processes. When 
activated by low pH followed by neutralization, 
MMPs have been suggested to play an important role 
in the digestion of dentine organic matrix, therefore 
in the progression of carious decay [5]. Studies have 
demonstrated that chlorhexidine (CHX) is capable of 
arresting caries when applied to dentine, and this has 
been attributed to its wide-spectrum antibacterial and 
antiproteolytic activity [7-9]. The MMP-inhibitory 
potential of several naturally derived compounds is 
also gaining attention especially in the field of cancer 
treatment. Natural polyphenols were found to have 
distinct inhibitory activity against different MMPs 
[10,11]. Thus, the focus of this review is to present 
and discuss the findings related to the activity of CHX 
and polyphenols extracted from green tea leaves or 
cranberry fruit in the inhibition caries progression.

Matrix Metalloproteinases

The first collagenolytic enzyme (collagenase 
MMP-1) responsible for tadpole tail involution 

during amphibian morphogenesis was discovered 
in the 60s. In the present day, MMPs constitute a 
multigene family of over 24 structurally related 
but genetically distinct secreted or cell surface-
associated proteolytic enzymes that can process or 
degrade numerous extracellular, pericellular and 
non-matrix substrates [12,13]. MMPs are divided 
in six groups based on their structural homology 
and substrate specificity (although there is some 
overlap): collagenases, gelatinases, stromelysins, 
matrylisins, membrane-type metalloproteinase, and 
others. All MMPs are regarded as derivatives of a 
5-domain prototype structure formed by either the 
addition or deletion of regulatory domains [12]. The 
classical MMP structure must present two domains: 
1) Prodomain (contains a highly conserved sequence 
of aminoacids with an unpaired cysteine sulfhydryl 
group whose interaction with the active site zinc 
maintains the enzyme in latent form - the cysteine 
switch) [14], and 2) Catalytic domain (with an active 
site Zn+2 that binds three conserved histidines in the 
sequence HEXXHXXGXXH(S/T)XXXXXXM and 
a conserved methionine to the carboxyl side of the 
zinc-binding site - metzincins) [15]. MMPs common 
features are: 1) requirement that zinc be bound at their 
catalytic site, 2) a family specific zinc-binding motif, 
and 3) propeptide domain located at the N-terminal 
end of the catalytic domain, maintaining the enzyme 
as inactive zymogen. MMP functional activity is 
regulated by positive or negative transcriptional 
controls of MMP genes, activation from latent state, 
differences in substrate specificity, and modulation by 
serum inhibitors or tissue inhibitors of MMPs (TIMPs 
– the most important inhibitors). MMPs are thus 
regulated in physiological processes, however when 
the mentioned regulatory controls are by-passed, 
excessive degradation and tissue destruction may 
occur. Before MMPs are activated, the prodomain and 
catalytic domains dissociate. This can be achieved by 
autocatalysis or action of proteolytic enzymes [16], 
by chemical agents such as reactive oxygens or thyol 
modifying agents, heat treatment, and changes in pH 
(low pH has been shown to activate gelatinases) [1].

Different MMPs (MMP-1, -2, -3, -9, -20) have 
been detected in dentine, either in odontoblasts or 
in predentine/dentine [17-19]. Collagenases and 
gelatinases (MMP-1, -2, -8, -9) were also detected in 
whole saliva [20-22]. MMP-9 was shown to be the 
main gelatinase in the whole saliva whereas MMP-2 
was present in the form of higher molecular weight 
complex. Their origin is likely to be from salivary 
gland or the gingival crevicular fluid which is probably 
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the major source [23]. Collagenases have the ability 
to cleave interstitial collagen types I, II and III, and 
gelatinases degrade denatured collagen (gelatin).

Matrix Metalloproteinases and Dentine Caries

During caries activity, there is a drop of local 
pH caused by bacterial acid release. After mineral 
dissolution, dentine organic matrix (90% type I 
collagen and 10% phosphorylated proteins) becomes 
exposed to enzymatic degradation [24]. According 
to Tjaderhane et al., (1998) the activation of latent 
MMPs occur at low pH (due to alteration in propeptide 
conformation inducing cystein switch) followed by 
neutralization [1]. Thus, the conditions presented by 
caries lesions, with alternating periods of low pH 
demineralization and neutral pH due to the action of 
saliva buffers, are perfect to the enhancement of their 
activity. It has been reported that in a range of pH 
from 6 to 4.5, the greatest activation occurred at pH 
4.5, which was the lowest pH evaluated. This in vivo 
study, using rat molars, also demonstrated a significant 
reduction in dentine lesion progression along with 
reduced salivary MMP activity, when MMP inhibitors 
were used [25]. Furthermore, Nordbo H et al. (2003) 
demonstrated that MMP collagenolytic activity in 
demineralized dentine affects its potential to further 
remineralization [26]. Bacterial collagenases were 
previously thought to degrade the organic matrix 
of dentine. However, experiments have shown that 
cariogenic bacteria can cause demineralization only, 
presenting weak protease activity [22]. Studies have 
shown that bacterial enzymes were able to cleave 
organic matrix proteins, but only at neutral pH 
and at the surface of dentine [27]. This is because 
bacterial proteases do not tolerate low pH ~4.3 [24]. 
Thus, while the role of bacterial acids in the dentine 
demineralization is undisrupted, uncertainty remains 
on the mechanism responsible for the proteolysis 
of dentine organic matrix. Moreover, studies have 
reported collagenolytic activity of sound mineralized 
dentine in the complete absence of bacterial 
colonization [28]. This implies that host-derived 
enzymes, localized either in dentine or saliva, may 
have a fundamental role in dentine organic matrix 
degradation and caries progression [29].

Chlorhexidine (CHX)

CHX is a cationic molecule with a wide-spectrum 
antibacterial activity [30]. It consists of two symmetric 
4-chlorophenyl rings and bisguanide groups 

connected by a central hexamethylene chain. Studies 
have demonstrated that caries arrestment occur when 
carious dentine is treated with CHX varnish [31]. 
This has been initially attributed to its antimicrobial 
activity. Recently, it has however been demonstrated 
that CHX inhibits MMP-2, -8 and -9 activities [9] in 
sound dentine, and that the therapeutic mechanism in 
dentinal caries arrestment is very likely related to its 
antiproteolytic properties [32]. Both preparations of 
CHX (0.12%), either digluconate or diacetate seem 
to exhibit similar inhibitory effect on the activity of 
dentinal proteolytic enzymes. In adhesive Dentistry, 
in vivo and in vitro studies have also demonstrated 
that application of pure CHX solution on dentine, 
before restorative procedure, arrest self-destruction 
of acid etched dentine organic matrices probably due 
to MMPs inhibition [33,34]. The inhibitory effect 
of CHX on MMPs is still unclear but attributed to a 
chelating mechanism [9], since the inhibition of MMP-
2 and -9 could be prevented by the addition of calcium 
chloride binding CHX. It has been also discussed that 
CHX may affect essential sulfhydryl groups and/or 
cysteine present in the active site of MMPs. At high 
concentrations above 0.2%, the inhibitory action of 
CHX might be related to protein denaturation rather 
than by chelation of cations [35]. CHX effectiveness 
is often related to its substantivity. This is due to its 
ability to bind anionic substrates like the oral mucosa, 
pellicle found on tooth surfaces, salivary proteins 
and mucous membranes [36]. Dental staining is a 
well-known and likely the most problematic side-
effect of using CHX containing oral products. The 
probable cause of staining is the precipitation of 
anionic dietary chromogens onto adsorbed CHX 
surfaces [37]. It has been reported that adsorption of 
black tea components to the salivary pellicle is greatly 
enhanced by the immediate pretreatment with CHX. 
This is probably a result of the increased electrostatic 
attractions between the cationic CHX and negatively 
charged tea components. Clinically, it is expected that 
CHX will interact with a range of dietary chromogens 
(i.e., juices, red wine, coffee, curry, and soy sauces) 
and therefore produce colored precipitates [38]. 
Despite risks of staining, incorporation of CHX into 
resin composites and its antibacterial properties, 
mechanical properties, and release patterns are being 
evaluated [39,40].

Green Tea Polyphenols

Many health benefits related to the flavonoids 
(polyphenol extracts from black, green or oolong 
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teas) are being scientifically established. Green tea 
(GT) plant (Camellia sinesis) has flavonoids called 
catechins. Many studies suggest that consumption 
of GT may help prevent cancer with evidence that it 
has anti-mutagenic and anti-carcinogenic properties. 
Some beneficial effects of catechins have been 
attributed to their anti-oxidative effects. However, as 
it has been demonstrated that MMPs are very likely 
involved in human tumors [10], studies have been 
evaluating the alternative mechanisms of action, 
such as MMP inhibition, of the following catechin 
polyphenol analogs: (+)-catechin (C); (-)-epicatechin 
(EC); (-)-epigalattocatechin (EGC); epicatechin 
gallate (ECG); (-)-epigalattocatechin gallate (EGCG) 
[41].

Polyphenols usual composition in GT is: EGCG – 
10-15%; EGC – 6-10%; ECG – 2-3%; and EC - 2% 
[41]. As reported by Demeule et al., (2000) among 
many natural products tested (polyphenols from red 
wine, soy extract genistein, GT polyphenols and 
compounds from garlic) for MMP inhibition, the 
GT polyphenols caused the strongest inhibition of 
MMP-2 and -9 in a dose dependent manner [42]. 
EGCG (the major constituent of GT polyphenols) was 
the most potent inhibitor followed by ECG. Gelatin 
zymograms also confirmed inhibition of MMP-2 and 
proMMP-9 by the other catechins (EGC, EC and C). 
MMP-9 was more sensitive than MMP-2 to these 
compounds. In addition, Suganuma M. et al., [41] 
indicated that GT extracts together (i.e., from the tea 
itself) have synergistic effects which resulted in a 
higher cancer-preventive activity than EGCG alone. 
In Dentistry, it has been recently shown that EGCG 
was able to reduce erosion and abrasion of bovine 
dentine in situ [43]. Although MMPs inhibition or 
collagen degradation had not been directly evaluated, 
the effects of GT polyphenol on dentine wear were 
attributed to possible MMPs inhibitory effect [44]. 
The mentioned study evaluated EGCG only. Different 
mechanisms were discussed for the inhibitory effects 
of GT polyphenols on the activity of MMPs. EGCG 
likely binds with the catalytic site (or close) of MMPs. 
There is also a possibility that the conformation 
of MMP-2, which is essential for its activity, could 
be altered by EGCG binding to any place of the 
enzyme. Interestingly, EGCG complexed with MMP-
2 had no effect on MMP-2 binding to extracellular 
matrix proteins but significantly enhances both pro- 
and active-MMP-2 binding to TIMP-2 [45]. The 
presence of steric structure 3-galloyl radical in some 
tea catechins can play an important role in MMPs 
gelatinolytic activity [46,47].

Additionally EGCG has also been shown to have 
a broad spectrum antibacterial property. Several 
studies have reported its effectiveness in inhibiting 
acid production in dental plaque bacteria as well 
as antimicrobial activity against the cariogenic S. 
mutans [48,49]. In this sense, recent studies have 
been incorporating EGCG into restorative dental 
resins and testing these materials for drug delivery, 
mechanical and physical properties as alternatives to 
CHX [40]. Moreover, bonding agents incorporated 
with EGCG have also been tested for antibacterial 
and physicochemical properties, showing stability in 
resin-dentine bonding as well as inhibitory effect on 
the growth of S. mutans [50].

Cranberry Polyphenols

In recent studies, some benefits related to 
polyphenols in cranberry (Vaccinium macrocarpon) 
juice or extracted from cranberry fruit have been 
established. It has been demonstrated that cranberry 
polyphenols have the ability to decrease the cell surface 
hydrophobicity of streptococcal bacteria (S. sobrinus 
and S. mutans) [51], and adhesion between cariogenic 
bacteria and enamel-like structures (hydroxyapatite 
beads) [52] and enamel-like structures pretreated with 
glucans [53]. Other studies confirmed that cranberry 
extracts are not only able to inhibit the adhesion of 
S. sobrinus to enamel-like structures coated with 
saliva [54], but also led to desorption of the same 
bacterial species from an artificial dental biofilm [55]. 
More recently, the ability of cranberry polyphenols 
in reducing the formation of biofilm by S. mutans in 
vitro, and dental caries development in vivo (Sprague-
Dawley rats) has also been reported [56]. Moreover, 
Bodet et al. [57] reported that low concentrations 
of cranberry extract inhibited the secretion of 
MMP-3 and MMP-9 by the gingival fibroblasts and 
macrophages following stimulation by the LPS of 
Aggregatibacter actinomycetemcomitans, a causative 
agent involved in periodontal disease. Their results 
also showed that the cranberry extract inhibited the 
catalytic activity of both enzymes and elastase. These 
seem to be promising results as inhibition of MMPs 
such as -9 might inhibit caries progression [1].

Most studies that evaluated the effects of cranberry 
polyphenols on cariogenic bacteria and MMP activity 
used a fraction of cranberries called the nondialyzable 
material (NDM), which is obtained by dialysis 
of concentrated cranberry juice [51,52,54,55,57]. 
The content of various cranberry polyphenols 
(phenolic acids, anthocyanins, flavonols, flavan-3-
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ols, and proanthocyanidins) in NDM is subjected to 
variations depending on seasonal and varietal effects. 
Although, anthocyanins (monomer), flavonols and 
proanthocyanidins (polymer) are among the most 
abundant classes of polyphenols and have been 
associated with the health promoting benefits of 
cranberry [58], the biological action and potential 
usefulness of each individual compound are still 
unclear.

conclusion

The broad-spectrum antibacterial CHX is a 
very commonly used agent for prevention or 
control of oral diseases. However, CHX has 
some disadvantages such as its synthetic origin, 
as concerns with toxicity, environment care, 

poisoning has been clearly rising by the population 
in general. Moreover bacterial resistance, tooth 
staining and mild toxicity to odontoblast-
like cells [59] are motivating the investigation 
of alternatives. Natural products, especially 
food extracts, have been shown to be potential 
anticariogenic alternatives to synthetic chemicals 
due to their biological properties. Future research 
is however required to advance the knowledge in 
the effect of MMP inhibitors on caries prevention 
and progression.

AcKnowledgements

This study was supported by funds from MaRS 
Innovation Proof of Principle 2012, awarded to the 
PI/corresponding author (AP).

references

1. Tjaderhane L, Larjava H, Sorsa T, Uitto VJ, Larmas 
M, Salo T. The activation and function of host matrix 
metalloproteinases in dentin matrix breakdown in caries 
lesions. J Dent Res. 1998; 77:1622-1629.

2. Pashley DH, Tay FR, Yiu C, Hashimoto M, Breschi L, 
Carvalho RM. Collagen degradation by host derived 
enzymes during aging. J Dent Res. 2004; 83:216-21.

3. Hirashi N, Yiu CKY, King NM, Tay FR, Pashley DH. 
Chlorhexidine release and water sorption characteristics 
of Chlorhexidine-incorporated hydrophobic/hydrophilic 
resins. Dent Mater. 2008; 24:1391-9.

4. Featherstone JDB. Dental caries: a dynamic disease 
process. Austr Dent J. 2008;53:286-91.

5. Chaussain-Miller C, Fioretti F, Goldberg M, Menashi S. 
The role of matrix metalloproteinases (MMPs) in human 
caries. J Dent Res. 2006; 85:22-32.

6. Brinckerhoff CE, Matrisian LM. Matrix metalloproteinases: 
a tail of a frog that became a prince. Nat Rev Mol Cell Biol. 
2002; 3:207-14.

7. Jedrychowski JR, Caputo AA, Kerper S. Antibacterial and 
mechanical properties of restorative materials combined 
with chlorhexidines. J Oral Rehab. 1983;10:373-81.

8. Sehgal V, Shetty VS, Mogra S, Bhat G, Eipe M, Jacob 
S, Prabu L. Evaluation of antimicrobial and physical 
properties of orthodontic composite resin modified by 
addition of antimicrobial agents – an in-vitro study. Am J 
Orthod Dentofacial Orthop. 2007;131:525-29.

9. Gendron R, Grenier D, Sorsa T, Mayrand D. Inhibition of 
the activities of matrix metalloproteinases 2, 8, and 9 by 
Chlorhexidine. Clin Diagn Lab Immunol. 1999;6:437-39.

10. Manello F. Natural biodrugs as matrix metalloproteinase 
inhibitors: new perspectives on the horizon? Recent Pat 
Anticancer Drug Discov. 2006;1:91-103.

11. Bonifait L, Grenier D. Cranberry polyphenols: potential 
benefits for dental caries and periodontal disease. J Can 
Dent Assoc. 2010;76:a130.

12. Visse R, Nagase H. Matrix metalloproteinases and tissue 
inhibitors of metalloproteinases: structure, finction, and 
biochemistry. Circ Res. 2003;92:827-39.

13. McCawley LJ, Matrisian LM. Matrix metalloproteinases: 
they’re not just for matrix anymore! Curr Opin Cell Biol. 
2001;13:534-40.

14. Vu TH, Werb Z. Matrix metalloproteinases: effectors 
of development and normal physiology. Genes Dev. 
2000;14:2123-33.

15. Bode W, Reinemer P, Huber R, Kleine T, Schnierer S, 
Tschesche H. The X-ray crystal structure of the catalytic 
domain of human neutrophil collagenase inhibited by a 
substrate analogue reveals the essentials for catalysis and 
specificity. EMBO J. 1994;13:1263-9.

16. Geiger SB, Harper E. The inhibition of human gingival 
collagenase by an inhibitor extracted from human teeth. J 
Periodontal Res. 1981;16:8-12.

17. Heikinheimo K, Salo T. Expression of basement membrane 
type IV collagen and type IV collagenases (MMP-2 and 
MMP-9) in human fetal teeth. J Dent Res. 1995;74:1226-
34.

18. Randall LE, Hall RC. Temperospatial expression of 
matrix metalloproteinases 1, 2, 3, and 9 during early tooth 
development. Connect Tissue Res. 2002;43:205-11.

19. Bourd-Boittin K, Septier D, Hall R, Goldberg M, 
Menashi S. Immunolocalization of enamelysin (matrix 
metalloproteinase-20) in the forming rat incisor. J 
Histochem Cytochem. 2004;52:437-45.

20. Uitto VJ, Suomalainen K, Sorsa T. Salivary collagenase. 
Origin, characteristics and relationship to periodontal 
health. J Periodontal Res. 1990;25:135-42.

21. Makela M, Salo T, Uitto VJ, Larjava H. Matrix 
metalloproteinases (MMP-2 and MMP-9) of the oral cavity: 
cellular origin and relationship to periodontal status. J Dent 
Res. 1994;73:1397-406.

22. van Strijp AJ, van Steenbergen TJ, de Graaff J, ten Cate JM. 
Bacterial colonization and degradation of demineralized 
dentin matrix in situ. Caries Res. 1994;28:21-7.



8 Braz Dent Sci 2012 out./dez.; 15 (4)

PILLY V et al.
PROTECTION OF TOOTH STRUCTURE BY CHLORHEXIDINE AND NATURAL POLYPHENOLS: A REVIEW

23. Ingman T, Sorsa T, Lindy O, Koski H, Konttinen YT. 
Multiple forms of gelatinases/type IV collagenases in saliva 
and gingival crevicular fluid of periodonditis patients. J 
Clin Periodontol. 1994;21:26-31.

24. Kawasaki K, Featherstone JDB. Effects of collagenase on 
root demineralization. J Dent Res. 1997;76:588-95.

25. Sulkala M, Wahlgren J, Larmas M, Sorsa T, Teronen O, 
Salo T, Tjaderhane L. The effects of MMP inhibitors on 
human salivary MMP activity and caries progression in 
rats. J Dent Res. 2001;80:1545-49.

26. Nordbo H, Leirskar J, Ngo H, Mount GJ, Wahlgren 
J. The influence of a matrix metalloproteinase on the 
remineralization of artificially demineralized dentin. Oral 
Health Prev Dent. 2003;1:267-72.

27. Katz S, Park KK, Palenik CJ. In-vitro root surface caries 
studies. J Oral Med. 1987;42:40-8.

28. Pashley DH, Tay FR, Yiu C, Hashimoto M, Breschi L, 
Carvalho RM, Ito S. Collagen degradation by host derived 
enzymes during aging. J Dent Res. 2004;83:216-21.

29. Mazzoni A, Mannello F, Tay FR, Tonti GA, Papa S, Mazzotti 
G, Di Lenarda R, Pashley DH, Breschi L. Zymographic 
analysis and characterization of MMP-2 and -9 forms in 
human sound dentin. J Dent Res. 2007;86:436-40.

30. Varoni E, Tarce M, Lodi G, Carrassi A. Chlorhexidine 
(CHX) in dentistry: state of the art. Minerva Stomatol. 
2012;61:399-419.

31. Garcia MB, Nor JE, Schneider LG, Bretz WA. A model for 
clinical evaluation of the effect of antimicrobial agents on 
carious dentin. Am J Dent. 2001;14:119–22.

32. Garcia MB, Carrilho MR, Nor JE, Anauate-Netto C, 
Anido-Anido A, Amore R, et al. Chlorhexidine inhibits the 
proteolytic activity of root and coronal carious dentin in 
vitro. Caries Res. 2009;43:92–6.

33. Carrilho MR, Geraldeli S, Tay F, de Goes MF, Carvalho 
RM, Tjäderhane L, Reis AF, Hebling J, Mazzoni A, Breschi 
L, Pashley D. In vivo preservation of the hybrid layer by 
chlorhexidine. J Dent Res. 2007;86:529-33.

34. Carrilho MR, Carvalho RM, de Goes MF, di Hipólito 
V, Geraldeli S, Tay FR, Pashley DH, Tjäderhane L. 
Chlorhexidine preserves dentin bond in vitro. J Dent Res. 
2007;86:90-4.

35. Komori PCP, Pashley DH, Tjaderhane L, Breschi L, 
Mazzoni A, de Goes MF, Wang L, Carrilho MR. Effect of 2% 
chlorhexidine digluconate on the bond strength to normal 
versus caries-affected dentin. Oper Dent. 2009;34:157-65.

36. Souza M, Cecchin D, Farina AP, Leite CE, Cruz FF, 
Pereira Cda C, Ferraz CC, Figueiredo JA. Evaluation of 
chlorhexidine substantivity on human dentin: a chemical 
analysis. J Endod. 2012;38:1249-52.

37. Watts A, Addy M. Tooth discolouration and staining: a 
review of the literature. Br Dent J. 2001;190: 309–16.

38. Addy M, Moran J, Griffiths AA, Wills-Wood NJ. Extrinsic 
tooth discoloration by metals and chlorhexidine I. Surface 
protein denatuaration or dietary precipitation? Br Dent J. 
1985;159: 281–85.

39. Shen C, Zhang NZ, Anusavice KJ. Fluoride and 
chlorhexidine release from filled resins. J Dent Res. 
2010,89:1002-6.

40. Pallan S, Furtado Araujo MV, Cilli R, Prakki A. Mechanical 
properties and characteristics of developmental copolymers 
incorporating catechin or chlorhexidine. Dent Mater. 
2012;28:687-94.

41. Suganuma M, Okabe S, Kai Y, Sueoka N, Sueoka E, Fujiki 

H. Synergistic effects of epigallocatechin gallate with 
epicatechin, sulindac, or tamoxifen on cancer-preventive 
activity in the human lung cancer cell line PC-9. Cancer 
Res. 1999;59:44-7.

42. Demeule M, Brossard M, Pagé M, Gingras D, Béliveau R. 
Matrix metalloproteinase inhibition by green tea catechins. 
Biochim Biophys Acta. 2000;1478:51-60.

43. Magalhães AC, Wiegand A, Rios D, Hannas A, Attin T, 
Buzalaf MA. Chlorhexidine and green tea extract reduce 
dentin erosion and abrasion in situ. J Dent. 2009;37:994-8.

44. Buzalaf MA, Kato MT, Hannas AR. The role of matrix 
metalloproteinases in dental erosion. Adv Dent Res. 
2012;24:72-6.

45. Cheng XW, Kuzuya M, Kanda S, Maeda K, Sasaki T, Wang 
QL, Tamaya-Mori N, Shibata T, Iguchi A. Epigallocatechin-
3-gallate binding to MMP-2 inhibits gelatinolytic activity 
without influencing the attachment to extracellular matrix 
proteins but enhances MMP-2 binding to TIMP-2. Arch 
Biochem Biophys. 2003;415:126-32.

46. Makimura M, Hirasawa M, Kobayashi K, Indo J, Sakanaka 
S, Taguchi T, Otake S. Inhibitory effect of tea catechins on 
collagenase activity. J. Periodontol. 1993;64:630–6.

47. Hirasawa M, Takada K, Makimura M, Otake S. Improvement 
of periodontal status by green tea catechin using a local 
delivery system: a clinical pilot study. J Periodontal Res. 
2002;37:433-8.

48.  Hirasawa M, Takada K, Otake S. Inhibition of acid 
production in dental plaque bacteria by green tea catechins. 
Caries Res. 2006;40:265-70.

49. Xu X, Zhou XD, Wu CD. The tea catechin epigallatocatechin 
gallate suppresses cariogenic virulence factors of 
Streptococcus mutans. Antimicrob Agents Chemother. 
2011;55:1229-36.

50. Du X, Huang X, Huang C, Wang Y, Zhang Y. Epigallocatechin-
3-gallate (EGCG) enhances the therapeutic activity of a 
dental adhesive. J Dent. 2012;40:485-92.

51. Yamanaka-Okada A, Sato E, Kouchi T, Kimizuta R, Kato 
T, Okuda K. Inhibitory effect of cranberry polyphenol on 
cariogenic bacteria. Bull Tokyo Dent Coll. 2008;49:107-12.

52. Yamanaka A, Kimizuka R, Kato T, Okuda K. Inhibitory 
effects of cranberry juice on attachment of oral streptococci 
and biofilm formation. Oral Microbiol Immunol. 
2004;19:150-4.

53. Koo H, Nino de Guzman P, Schobel BD, Vacca Smith 
AV, Bowen WH. Influence of cranberry juice on glucan-
mediated processes involved in Streptococcus mutans 
biofilm development. Caries Res. 2006;40:20-7.

54. Weiss EI, Kozlovsky A, Steinberg D, Lev-Dor R, Bar 
Ness Greenstein R, Feldman M, Sharon N, Ofek I. A high 
molecular mass cranberry constituent reduces mutans 
streptococci level in saliva and inhibits in vitro adhesion to 
hydroxyapatite. FEMS Microb Lett. 2004;232:89-92.

55. Steinberg D, Feldman M, Ofek I, Weiss EI. Cranberry 
high molecular weight constituents promote Streptococcus 
sobrinus desorption from artificial biofilm. Int J Antimicrob 
Agents. 2005;25:247-51.

56. Koo H, Duarte S, Murata RM, Scott-Anne K, Gregoire 
S, Watson GE, Singh AP, Vorsa N. Influence of 
cranberry proanthocyanidins on formation of biofilms by 
Streptococcus mutans on saliva-coated apatitic surface 
and on dental caries development in vivo. Caries Res. 
2010;44:116-26.

57. Bodet C, Chandad F, Grenier D. Inhibition of host 



9Braz Dent Sci 2012 out./dez.; 15 (4)

PILLY V et al.
PROTECTION OF TOOTH STRUCTURE BY CHLORHEXIDINE AND NATURAL POLYPHENOLS: A REVIEW

extracellular matrix destructive enzyme production and 
activity by a high molecular weight cranberry fraction. J 
Periodontal Res. 2007;42:159-68.

58. Duarte S, Gregoire S, Singh AP, Vorsa N, Schaich K, Bowen 
WH, Koo H. Inhibitory effects of cranberry polyphenols 
on formation and acidogenicity of Streptococcus mutans 
biofilms. FEMS Microbiol Lett. 2006;257:50-6.

59. Lessa FCR, Nogueira I, Huck C, Hebling J, Costa CAS. 
Transdentinal cytotoxic effects of different concentrations 
of chlorhexidine gel applied on acid-conditioned dentin 
substrate. J Biomed Mater Res Appl Biomater. 2010;92B: 
40-7.

Received: 2012/11/19
Accepted: 2012/12/20

Corresponding Author 

Anuradha Prakki
Restorative Department

University of Toronto - Faculty of Dentistry
Room 352C, 124 Edward St.

Toronto, ON, Canada
M5G 1G6

Phone: 416-979-4932 ext. 4389
E-mail: anuradha.prakki@dentistry.utoronto.ca


