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TEST METHOD If'IR 

DETERMINATION OF ANIMAL CARIES REDUCTION
 

RATIONALE 

The rat caries test is a model designed for the study 
 and the prevention 
of human caries. Although using animals it remains a laboratory test which has many 
features tht are relevant to the carious environment found in human beings. It pennits
 

the production of acid from dietary sugars by oral bacteria resident in the oral cavity 
of the rat, and the acid is harbored in plaque in sheltered regions of the teeth. The 
prolonged contact-time of the acidic plaque with the tooth enamel causes the loss of 
mineral phase and the onset of caries. The rat model pennits other interactions to take 
place such as the constant Ixthing of the teeth in saliva, the replenishment of bacterial
 

( inoculum on the teeth from other oral environments and also the dilution and removal of 
a treatment from a site all of which are difficult to effect in tests carried out in vitr.
 

The mean pH is higher and the buffering capacity, especially with respect 
to phosphate, is lower in the rat Sáliva than in numan saliva. Thus, the saliva could 
regulate the carious challenge differently in the two species. The rat 
 flora is almost 
certainly modified through the use in 
 the test of the cariogenic diet which contains up 
to 66% sucrose. This level of sugar is given to ensure the onset of caries over a short 
period of time. The caries, occurs most frequently in the rat fissures which are proportion
ally larger thn their human counterpart. .
 

The treatment administered to the rat is greater thn that given to the human 
subject on a unit bor-weight basis; additionally, none of the treatment material is
 

expectorated and so the treatment may have, and in the case of fluorides apparently 
does have, further benefit by a systemic route after ingestion and tibsorption through
 

the al imentary trct.. 

The protocol for the rat test has been determined predominantly to evaluate 
the activity of fluoride, which reduces caries in human beings and also reduces caries
 

in rats over a much shorter time scale. A judgement of the ability of the test on rats 
to anticipate the effectiveness of a treatment in human clinical studies rests on the results 
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obtained after appropriate refinement of the protocol in any study undertaken.
 

In general, however, it can be said that in our experience similar 
fluoride-containing prodcts can be compared, and results show a close parallel 
between availability of fluoride and monofluorophosphate ions.
 

PROTOCOL 

Animals (Management)
 

The method is Ixsically that described by Konig (Konig, Marthaler, 
Muhlemann; Dent. Zahn, - Mund - Kiefer heilk. 29, 99-128; 1958) but certain 
minor modifications have been incorprated to achieve closer reproducibility between
experiments. . 

Osborne-Mendel rats are interbred in a closed colony on site, and the animals
( mated randomly. The same mating pairs are used to produce up to five litters. 

The breeding animals are maintained on pelleted UAR No. 113 diet, but for 
12 days prior to mating are given the richer diet of UAR No. 0.03. (UAR Villemoisson-sur-
Orge, cf appendix). After mating the males are returned to the original diet, UAR No. 113.
 

Weaning occurs when the progeny are 21-26 days of age (generally 22-24 days old to allow 
experimental work to start on Mondays), after which the dams are returned to diet UAR 

113.No. 

The animals from one litter are randomly assigned one, or preferably two to 
each of the various treatments ~nd the total number of animals per treatment is generally 
between sixteen and twenty. Each animal is weighed, numbered and caged separately in 
a stainless steel wire cage which restricts coprophagy. 

The animals are then given diet MIT 2000 (Keyes & Jordan Archs.oral BioI. 9, 
377, 1964 supplemented with 2% GeNal (R) (Lederle lab. Cyanamid Interntional) or 
Stephan diet 580 (Stephan, J .dent. Res. 30, 484, 1951) fed ad lipitum and water (F(.0.2ppm)
 

ad libitum. (It has been our èxperience that these two diets produce the same caries challenge). 

Treatments 

Treatment is by dipping a smil sable-haired brush (Harriet Hublxrd Ayer) into
\ 
undiluted toothpaste which is applied in a rotating fashion to the left mandible whilst the 
animal's mouth is held open for 15 seconds. The application is repeated on the right man
dible with a fresh quantity of paste. Following the treatment, water and food are withheld for
 

one hour. These procedures are applied twice daily on each work dcy (5 days) for the first 
two weeks and once daily for the final week. Total period of treatment is 21 days. 
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Preparation of Tissues
 

At the end of the treatment period the animals are killed with chloro
fonn and weighed. The two separate mandibles and the complete upper jaw are then
 
excised and the mandibles defleshed by means of a scalpel and dental chisel after
 
immersion in neutrlised formal saline for 48 hours. The molar teeth are mounted
 

in thermoplastic wax and sectioned longitudinally to give five to six sections about
 
200 - 250 um thick using initially the NMRI type of machine as described in thEl
 
Art and Science of Dental Caries Research p.300 (Ed. R.S. Harris, New York,
 
Academic Press 1968 a.nd finishing the cut with a scalpeL. .
 

Dried sections are stained with Shiff's reagent* for 15 seconds and rinsed
 

with water. The stained sections are laid-out in succession from the lingual to buccal
 
aspects on a microscopei slide such that the corresponding fissures are aligned vertically
 
down the slide. The left and right molar teeth are placeet side by side.
 

The sections are fixed with a clear varnish.
 

Using a microscope at X40 magnification, ten fissures are scored on each 
51 ide, three fro each of the first molars and the two big fissures on each of the second
 

molars. The most severe., type of lesion found in any section of the fissure detennines 
the state of caries in that fissre.
 

The method of-scoring lesion severity is as follows:

o No coloration in the enamel or dentine of the fissure.
 

A Pink coloration in the enamel within the fissure.
 

T Pink coloration 
 at the enamel-dentine junction but without loss of dentinal material. 

B Colortion and~loss of material at the enamel-dentine junction. This category 
is divided into three sub-groups:
 

Bl Coloration and slight loss of dentine (darkened area) without a 
hole through the entire section 

B2 Physical separation of part of the dentine from the enamel and/or 
increased area of coloration.
 

B3 More extensive coloration and/or more extensive separation of the 
dentine and enamel. 

C Loss of enamel material fro within the fissure (interprJtation here requires 
artifacts caused by mechanical vibrationparticular care beause of possible 


during the sectioning process).
 

*0.5g pararosaniline (acridine-free) in 15 ml. N hydrochloric acid + 0.5g potassium metabisulphite
 

in 85 ml. water, decolorised with activated charcoal for 2 minutes after standing for 24 hours. 
The solution is diluted 1 : 4 with water before use.
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At the beginning of an experiment the rats have no caries and at the end 
of the experiment they have a severity distribution through the various grades of 
caries. Thus, in computing the severity of caries, the lesions of a particular grde 
in all the fissures are cumulated with all those lesions of greater severity also, on the 
premise that lesions progress through the states 0, A, T, B1, B2, B3 to C.
 

The following example demonstrates the effect. The ten fissures of the 
mandible have been assessed for caries severity as shown on the first two lines in the 
Table. These have been totailed on the third line and the cumulated total for each 
grade is given on the last line. Thus, if one is considering the B1 lesions the value 

7 would be used, whereas for B2 it would be only 3. 

0 A T B1 B2 B3 C 

left mandible 0 0 2 1 2 0 0 

Right II 0 0 1 2 1 0 1 

Total lesions' 0 0 3 3 3 0 1 

Cumulative total: 10 10 10 7 4 

The mean value for each tye of lesion over all the rats within one 
treatment is detennined. In our experience, on evaluating toothpastes containing
 

up to abot 1000 ppm F, the useful cumulative indices hcve been the (T + Bl + 82 + 
B3 + C) lesions, the (B1. + B2 + B3 + q lesions and the (B2 + B3 + q lesions. Each
 
of these indices is analysed statistically on a two-'NY AN 
 OVA for litter and treatment. 

Statistical Analysis 

The maximum separation of lesions between treatments in a particular 
severity scale is ten, i. e. the number of fissures scored. For the comparison of treat
ments, it is desirable that they give the greatest difference on an appropriate scale 
and that the standard deviøtion between animals wi thin the treatment is smil. 

Based on more than 25 tests, the difference between tretment means of 
toothpastes with or without 1000 ppm of fluoride is 1.6 lesions on the (T + B1 + B2 + B3 + C)
 

scale, 3.2 lesions on the (B1 + B2 + B3 + C) scale and 3.4 lesions on the (B2 + B3 + C)
 

scale. The separation of the treatment means require for a significant difference to occur 
depends upon the number of animals in each grup but, in our experience, for 16-20 animals 
the separation must exceed 0.6 - 0.9, 0.8 - 1.1 and 0.8 - 1.1 lesions on the res

pective scles to achieve a 
 95% confidence level. Thus, it is desirable to use the 
(B1 + B2 + B3 + C)or the (B2 + B3 + C) scales for compariso of our treatments with our 
protocol. With other condition, another scale might be more appropriate.
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The response of the test to different fluoride concentrations on the 
various scales is shown in the appendices. From these graphs it can be seen that 
the increased level of fluoride or monofluorophosphate in the product does progressively
 

reduce the level of caries during the experimental period.
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r°r.. H~Ef h.. i i E C H N l Q U EU. A. R. N° I, I 3 

J'çl* 
Aliment (omplet pour Rats et Souris Stérilisable

i u. A. R. I 
4..~'___.~ 

Bouchon. di::m. 20 ai.. longueur 25 ":." 
BOL:chon. diam. 10 .1.. longueur 20 ....Farinc, .. 

Raffon Journallòre du Rat: zuiv.:nt I'áge ct Ie poids de 18 à 25 g. Eau å volontc,
 
RatIon JournaUòrc do 10 Souris: sui..ant I'âge ct Ie poids. de 8 à 12 g. Eau à volonté.
 

FORMUL£ 
C6réol.s. . . . . . .	 . . 
'uue.. . . . . . 
TourleouK Expellers . . . . . . .
 

Forlne doriglne Anlmole . . . . . . . .
 

Ac/ivoleufJ de crols..nce .......
 

Compo.. Mlnérol Viiominlsó. . . . . . . . . .
 

(A. O. groupe B Mólhlonlno). 

GARANTI£S 
Enorgl. productlvo (on cal/kg) 
Moili!itlu a'che.. . . . . . .
 

.. PrOl6lno. dlg.atlbl... . . . .
 

Humidli6. . . . . . . .
 

Moli'roa Mlnér.i.. . . . .
 

M.liòr.. Celluloilquei. . 
Mali'r.. 0%01... lotol.,. . .
 

Motl'ro. Gro..... . . . . .
 

. . .
 

. . . .
 

. . . .. '12
 

li,8 

3 

23, 
. . . 5,4 

Exl,; non 8%01. (.ucr., emld.) . . 49,8 

100 

rEN£URS des MINSRAUX TOTAUX
 

1.69 :.; Phosphoro . . . . . . 8,500 .,i i.i 
4,5 %	 Cølciu~ . 

POløssii;m .1(J,5 :~ 
,.. Sodium~.. . 
.., 0//. Mclr¡I1('si" .

0'r, , .	 N,øn!Jonese , 
ä /~v f..,r. , .
 

Cui..re .
 
Zinc, ,
 
Coboll .
 
lodo
 

t .ur.,
 

8.; 

12. ¡CO
 

6 50l) 
2.11)') 
t .:::;1) 

US 
4',0 

11 
" 4.J . 

0,011 . 
0.,.0 . 

20 vir AMINES (co.lcu1coS DUX cant kg)
" 

A~~.11 Hal. App. Sy.il~. t. iorAi)J 
Vi/om, A" 21.000 U I 3,!J80 000 UI 4.19Í1.U:"~ U I 
Vil"in. D) . 1.000 Ui 2,800.00~ UI 2.i,t'1.(j,¡(1 ul 

T£NEURS EN ACIDES AMINES	 Cholino.. 130,(1:)0)
Vilom, Sf, , 1&0 D

Arginine. . . . . . 12. 7~:i ini/li, Acide Foliquo SO .
 
Cyiiine .	 .1.3, .', ) Biolino. . , 5 . 

Lysin. . . . . . . . . . . 12.5')1) ) 
M61hionine (IUPpl. ¡ynlh.). . 14.4(,0 ) 

." 

'Ii/om. ß, . 5ùO "'
Vililm. ß, . 3úO .
Vilom. í'P. G. OJ() .
V;'"rr, Ü' . 1.300 ) 
Vl:llm. r~, . 2;) .
 
Vilom. Bu. 3,5 )
 
Vi/om. E. 2,300 )
 

t2,) 1'; Ii:,r: '" 
9i!') .. 1 .Z' I)
 

3,1;(.1) . 9.'''''~ . 
i r. 'i . t.:!":) .
4~,') .
 4;~l . 

:J 'I.~ -0 

:'.275 .. 7.:i-;:) -. 

54.COO . 184.1;0'1 ' 
100 . 21,0 . 

o . !l0 . 
o . 5 . 

.. 

Trypiophone . 2.4')0 :. Los viliimlnes sonl ciilculéo. largoment pour lenlr camp'. 
Glycln. . . . . . . . . . 11.700 :. de. Iriii/omenl. divers do .'érll.ollon. 

eet aliment est destiné aux laboratcires qui poi:sèdent una animalerie E. O. P. S. Sa forme (bouchon 
de 10.,'.) permet une stérilisation de J'alime:õt dircctement par les méthodes classiques. 

PrcscntatioD : Sac papier 50 kg ct 25 kg. , 

7, Rúe du Mar~chal-GaIliéni, Vi!Iernoisson-sur-Orge (5.-&-0.) -- Tél. 921-13.69 
.....~, 
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tFICHE TECH~IOUE u.Pf.e R. N° D 03 

"$

(
i LU.A.R.l
 

Aliment Complet Rats et Souris Stérilisable Elevage 
L 

Bouchons 15 .1.. 
Farine. 

Ration Journallèr. du Rat i suivant I'åge et Ie poids, de 16 à 22 g, _ Eau à volonté. 
RatIon Journallèr. d. 10 Sourl. : suivant I'åge et Ie poids. de 6 à 10 g. _ Eau à volonté.
 

FORMULE 
CllriCl/.I ., Produil. Hydroc.rbonl. . . 59 Yo 
Tourl..ùx Expelleu. . . . . . . . . . . .. 7 " 

f.rine d'orlgin. Anim./. . . . . . . . . . . .. 24 "

Activel.url d. cro/ssenc. . . . . 15 "
Compo.' M/nir.' VU.mi"'" 4 " 

(A. O. groupe I). 

ANALYSE MOYENNE
 
En.rgl. (.n u' kg) . 
Meller.. iech.. . . . .
 

(' .iin.s dlg."ibl... .
 

\ __.nldil'. . , , . . . .
 

Melier.i Mln'r./... . .
 

Melier.i Celluloilqu.. .
 
Milier.i ezol'., 101.1... . ,
 
Melierei Gr....1 ...'.
 

Exir. non ezol' (.ucr., .mld.) .
 

. . . . . 3.80 
.1 
224 

12
 

8,1
 

2,7
 

24 

8 . 

47,2 

100 

TENEURS EN ACIDES AMINES (calculées) 

Arginine. . . . , . . . l2. 800 .,.'k, 
Cyslin.. . . . . . '; 3.500 . 
Lyiln. . , . 
Mélhionln. . 

18 500 . 

5.60 . 
'.' 

Tryploph.n. 2.300 J 
Glyc/n. . . t2.30 . 

TENEURS en MJN~RAUX TOTAUX 

Phosphor. . 
Celcium . . 
POleuium. . . 
Sodium.'. . . 
Megnésium. 
M.ng.nl.. .
f.,. . . , 
Cui.,r. . .
 

Zinc. . . 
Cob.lt. . 
lad. . . . 

App, Nol. (ii.) Al. po c. N. TOTAUX 

"' ~I
 
6.700 3.500 10.200
 
5.700 4.600 10,300

5.900 0 5,900

1.700 800 2.50
 
l. 400 131. i.537
29 ~ 69
95 I50 24
12 is! 27
23 45, 88

0,07 1.5 U


oppo _ IOIIM aisiloli 1* oltlM _ill. 

VIT AMINES (calculées aux cent kg) 
"pp. Hoi. (ii.) App, S,nrMt. TOTAUX
 

VUemln. A . 
03 
Bi. 

. BI. 

20.000 Ul 
4.500 . 

70U "' 
bOO . 

2.500.oeo ul 
7CO.OlO .. 

250 "'9 

t .000 . 

2,~20.0C'0 UL 

70l.5úo . 
950 "" 

1. ~Où . 
B'i. . 1,500 . 2.400 .. 3.90u . 

.. B" , 

BI: 
E 

K", 
PP. ' 

Acid. Foliqu., 
Acide P. A. B. , 
Bloline. , 
Choline. , 

500 
2,1 .. 

2.100 ùl 
25 "'9 

5.700 . 
75 . 
0 . 

15 . 
156.000 . 

4úO . 
2,5. 

10 ,QOO UI 

500"' . 
3 500 . 

25 . 
50 
to . 

80, OliO .. 

lIOO . 
i .",0'. 

12, too ui 
525.. 

9.200 . 
100 .. 

.¡.., 50 
25 . 

2JH "00 . 
Meio./noiilol ". 0 .. 100 "',... toO . 

Lei len.un en vileminei ionl indiqu6ei ev.nl iiériliiilion. 
Un. .urcherg. p.r repporl eux b.ioln. pem. 1., d.ilruclion. 
.ubi.. pend.nl I. il6rililelion. I
 

Aliment spéciaJement conditkmné pour permettre une stérilisation directe en sac. I 
i 
I 

Autre. pr....tatlon. : B 03 . Aliment complet Rats et Souris Autoclavé EJevage.
 

C03 . Aliment complet Rats et Souris StériJisé EJevage. 

lai. r. lIa.J
 

t; .tue du Maréchl-Gliéni, 91 - ViUemoisson-sur-Orge -- Tél. 921.13.69
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Effect of Fluoride (SMFP) in a Silica Abrasive 
Toothpaste on the Caries Incidence in Rats on the 
T + B1 + B2 + 63 + C, B1 + 62 + 83 + C and 62 + B3 + C 
Scales (showing the 95% Confidence Limits). 

i'. ! '".
 

! 'r ... .. .i.. .....;. . ,t- . .... . .._ I.. ...-._.. ...... .......... . .....
...... .....

10 . ... 'f .. ... ¡ :.:'. : .; :.. :---.-----..- .-----..-t_........_
 
.. : . . : . ":. ; r : : ; . ; :: ~: : : .
 

8 

.. 
~ 
.. 
4) 6 a. 
II 

0
c:

II 
4)-' 4 

. :-...:~::.::-;t. . .! 
......-.. _....-.-..._._.......-..-

. ,. . ... ".. I. -. .-...... ............. .,- .
. '. ..
..._-_._----_.._. . '. 
.. I. . 

.1: .
 

0 z .. ..... ," ..... .. .. .. -.. ..""...... .~..":.:~.:-::..:-~. ~.. .."'.. : : : ~.;:::-;::'T~..


0 '. ~::. ...,.
2 

.. :-.. "-'-'--:"-"'_.~'-"-'- -'-~'ï!2ä3Cr-r-:. 
':;.:..j. ~.. .;.. ... i' . ... '¡:'~~::-:1~:++L.;'
 

.~~-:-._-:. ,- --..t._.........__.__..:--_. . ¡'7: .;::: -~
. .,. .... .. .. -... . t.... ...-..t.....o .. .." . 
o . '. . : .::. i ~ :~. i.¡ . : . : ~ : I.500 1000 1500 2000 ppmF
 

Fluoride (as SMFp) added to paste 

( 
\ 

\ 



Test Method 111R
 
Pa~e 10
 

(
( 

Effect of Fluoride (SMFP) in an Alumina Abrasive Toothpaste 
on the Caries Incidence in Rats on T + 81 + 82 + B3 + C, 

Bl + B2 + B3 + C and B2 + B3 + C Scales (showing 95% 
Confidence Limits). 

10 
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( 

Effect of Fluoride SnF in a Silica Abrasive Tooth ste 
on the Caries Incidence'in Rats on the T + Bl + B2 + B3 + C,
 

B1 + B2 + B3 + C and 'B2 + B3 + C Scales (showing 95% Confidence Limits.) 
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