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* Bioavalilabllity: “the extent to which a
drug reaches its site of action or
reaches a biological fluid from which

the drug has access to Its site of

action”

Goodman & Gilman. The Pharmacological Basis of Ther  apeutics.
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Fig. 2. Mean salivary fluoride clearance curve after use of 1,500
ng F/g Na,FPO; dentifrice (n = 10). O = Experimental data (bars
= SD); — = computer-fitted model curve.

Duckworth & Morgan, Caries Research 1991;25:123-9



Site of action:

 Remaining biofilm
 Tooth structure (enamel/dentine)

Saliva

Enamel/dentine
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Site of action:
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As a consedguence of demineralization and

remineralization processes,

F concentration in the tooth structure will

INcrease
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* F must be chemically soluble In the
formulation, as F ion or MFP, to be

considered available







Pearce and Jenkins, 1977;
Pearce & Dibdin, 1995




Calcium-based abrasives:

DCPD,
CaCo,




(CaCO,), = Ca**t

+

NaF — F- = "Ca~’

Insoluble




Effect of time on F availability in a
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NaMFP
Sodium monofluorophosphate

— 2 Na™ +




But with time.....

NazFPOB — FPOBZ- _>H20 F-
(MFEP)
+
(CaCO,) — Ca**
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Effect of time on F availability in a
MFP/CaCO, dentifrice

1200
800 -

1

. /i'
o . .

0 100 200 300 400

—+—Soluble Fluoride
600

ppm F

-B-|nsoluble Fluoride

400

Days at room temperature

Tabchoury & Cury. Rev. Bras. Farm., 1994




 Low F availability in toothpastes
produced in African and Asiatic

countries have been shown recently

van Loveren et al., 2005; Kikwilu et al., 2008




 Forms of F available in toothpastes
— Total F

—

Solubl * lonic F: readily available in agueous solutions
oluple

| 1+ lonizable F: MFP, will release 1onic F in the

mouth upon the action of oral phosphatases

* Insoluble F: “CaF ,-like”, will not release ionic F
In the mouth




- Total F

 Measured after acid dissolution of
all F forms, using the ion-specific

electrode (Pearce, 1974; Bruun et al., 1984;

- Cury et al., 1981-2008)

 Measured after F separation from
the slurry by microdiffusion

(Council on Scientific Affairs, ADA 2005)

e Directly measured using gas

cromatography (van Loveren et al., 2005)




- Soluble F

» F can be directly measured using the

F electrode (Pearce, 1974; Cury et al.,1981-2008;

Council on Scientific Affairs, ADA 2005)

e MFP:
— F measured after MFP hydrolysis
» Acid (Pearce, 1974; Cury et al., 1981-2008)
» Phosphatase (van Loveren et al., 2005)

— Directly measured by ion
cromotography (against MFP

standards) (CSA, ADA 2005)
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e Brazil:
— The leading-sales toothpastes use the M FP/CaCO, system

— Numerous studies conducted since 1980 have shown
adequate availability and stability of Brazilian F
toothpastes, as well as anticaries potential

(reviewed by Cury et al., 2004)

“Only a method that reaches all heterogeneous popul ation of

the different regions of Brazil could be implicated In the caries

decline observed all over the country in groups with differ ent
socioeconomic backgrounds.”

Cury et al., 2004
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(0] (1)
* Bioavailable F is F avallable in the
oral cavity , within clinically relevant
times and considering use protocols

(eg. post -brushing rinse habits), to

present an anticaries effect
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Ekstrand & Oliveby, 1999, modified; Cury & Tenuta, 2
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From Zero et al., J Dent Res 1992:71:1768-1775
Zero et al., J Dent Res 1992:71:1546-1552




Residual * F In the biofilm formed under
F dentifrice** usSe Mean sg)
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**MFP/alumina dentifrices used daily for 4 weeks, sampl  es collected once per week

From Duckworth & Morgan, Caries Res, 1991

Dose-response anticaries effect  (Stephen et al., Comm Dent Oral Epid, 1988)
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» Effect of brushing habits

— Higher toothbrushing dalily frequencies result in

lower caries Increment  (Chesters et al., 1992; Chestnutt et al., 1998)

— Rinsing with water greatly accelerates F eliminatio n
from saliva (Sjogren & Birkhed, 1994; Duckworth et al., 1991;Is sa &
Toumba, 2004) and reduces the anticaries benefit  (Chesters et

al., 1992;Sjogren & Birkhed, 1993; Chestnutt et al., 1998)




F bio availabllity in saliva up to 60 min after
brushing with F dentifrices and the effect of a
water rinse (vean sk

AUC of salivary [F]
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water rinse no water rinse water rinse no water rinse

Zamataro, Tenuta, Cury. Eur Arch Paed Dent , 2008




Sjogren et al., 1994,
van Loveren et al., 2004













= In the fluid phase of a test biofilm
(Mean SD, n=12)
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Surface hardness loss after a cariogenic challenge
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Vogel et al., ORCA 2009, Abstract 80




F In plague-like biofilm formed In situ under
Increasing freguencies of sucrose exposure
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From Ccahuana-Vasquez et al., Caries Res, 2006

The effect of carbohydrate exposure to reduce inorg anic ions concentration in

the whole biofilm have been consistently shown In situ and in vivo (Curyetal.,

1997, 2000: Nobre dos Santos et al., 2002: Ribeiro e tal., 2005; Aires et al., 2006; Tenuta et al., 200 6; Vale
et al., 2007)




Residual * F in plaque-like biofilm formed
In situ under F dentifrice ** use and
controlled exposure to sucrose***  (vean sk

Whole biofilm Biofilm fluid

*10 h after brushing

**NaF/silica, 1100 pg F/g, used 3 times/day
***Exposure to 20% sucrose solution 10 times/day
Cenci, Tenuta, Del Bel Cury, Pereira-Cenci, ten Cate , Cury. Caries Res, 2008




]0)

Bruun et al., Caries Research 1984:18:282-288




Vogel et al., Caries Research 2000;34:404-411




Vogel et al., Caries Research 2000;34:404-411
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“Although It iIs acknowledged by the
scientific community that  F uptake by
enamel may no longer be accepted as

a critical indicator of the mechanism of
action of F , it Is accepted as an

excellent pre-screeming tool

ten Cate & Mundorff-Shrestha. Working Group Report 1: Laboratory Models for Caries (in vitro and
animal models) In: Clinical Aspects of De/Remineral ization of Teeth. Adv Dent Res 9(3), 1995.




~ uptake

e Loosely-bound F : will be released and

could have an effect on tooth

remineralization

de and

* Firmly -bound F : represents mainly the

result of preceding de/re cycles in the

presence of F




~ uptake

e Method of F extraction:

— KOH has been used to selectively extract
loosely-bound, alkali-soluble F  (caslavska et al.,
1975), prior to the extraction of firmly  -bound F
using acid or by mechanical removal of a

tooth sample (by drilling of abrading the surface)




~ uptake

e InIn situ/in vivo studies, directly
related to F o availability




~ uptake

* InInvitro studies, directly related to
F- availability
— The In vitro reactivity of M FP containing-
toothpastes with enamel Is a result of ionic
F present in the formulation  (Bruun & Givskov,

1993; Cruz et al., 1994) , and thus Is a poor
predictor of its anticaries effect




~ uptake

e Substrate for F uptake

— Sound x demineralized substrate

* F uptake in demineralized enamel is 3-10 times
higher than in sound enamel (rRaven et al., 1991;
Bruun & Givskov, 1993) , which Is useful to

differentiate formulations

 F bioavailability and clinical significance of this

high uptake needs to be further evaluated




Strenghts and limitations

 F availabllity:
— Soluble F in a toothpaste is an indicator of
the amount of anticaries active F

— Simple and easy

— Does not represent F bio availability




Strenghts and limitations

* F bioavailabllity:

— Salivary F
o Good predictor of the anticaries effect

* Fis measured in whole saliva, and not In
plaque fluid, the relevant site for the caries

process




Strenghts and limitations

* F bioavailabllity:

— Plaque F

o Good predictor of the anticaries effect

* In plaque fluid is a direct measure of the actual

bioavailable F

« Analysis of F in whole plague should be
Interpreted with caution due to possible

confounding factors




Strenghts and limitations

* F uptake:
— Can be used as an indirect measure of F
availability ( in vitro ) or F bioavailability ( In
situ/in vivo )




Strenghts and limitations

* F uptake:

— There Is no clear correlation between F In
enamel/dentine and the anticaries effect

— If a whole sample is collected, it is not able to
separate loosely-bound and firmly-bound F

— Cannot be used to assess MFP dentifrices In
VItro

— The high F uptake in demineralized
enamel/dentine may not be relevant to sound
surfaces




Conclusions

* Pre-clinical models of F bioavailability and F
uptake are good indicators of the anticaries
effectiveness of F toothpastes. The guidelines for
these models should consider the currently

accepted mechanism of action of F toothpastes.




Conclusions

 The choice of the study model should be based on
the proposed mechanism of action of the F form
(.,e. MFP dentifrices cannot be tested in models

which do not simulate its in vivo hydrolysis)




Conclusions

e Models to simulate In vitro the anticaries effect of

all kinds of F toothpastes (including those
containing MFP) and a further understanding of

their bioavailabllity in clinically relevant sites

should be investigated.
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