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;McClure (l962) deflned these tooth abnormallt1es as'"endemic hypOplasia

of the permanent teeth prodUCed by the 1ngestion of toxic quantitles of ;lf"fy
fluoride in drink1ng water“ Dean et al (l936) descr1bed th1s cond1tion 4”
when he compared the smooth, glossy, translucent creamy white color of |
' nq;mally calt1f1ed teeth to the dullh chalky—white to brown colored ‘ ’.""
'E;} pitted mottled teeth Iﬁ*man, th1s ac u1red‘deterioration was found to be
most prevalent among 1nd“viduals exposed to endem1c fluor1de 1n the first

e1ght years of life (Dean et al 1936) Slmons (1965) stated that teeth

RN that "é'e already calc1f1ed showed !Httle or no effects of fluorxde treat- -}T‘f

g ment wh1le teeth calcrfied dur1ng fluoride eXposure showed not1ceable g
?ai;:;1¢ s1gns of mott11ng.. As early as 190l (Eager, 190l) the-prevalence f mottled

car1es Because of . th1s relatlonsh1p, proposals for the prophalactfc

: ; fi&ddﬂtron of fludr1de to public water supplies w re made as early as 1039

NP by a b1ochem1st' C J Cox, As a result,}several c1t1es in, w1sconsln

‘;51 i proceeded w1th fluor1dat1on schemes before controlled ',leents_derﬁ;-_ i

saqned to exam1ne chronlc fluoros1s were 1n1t1ated

NS

| beqan to appear in the literature 1h the early l950f_”'but"much of th1s **%ffj¥}
v;ff;"]( work wds based on. ev1dence from local1t1es w1th endemxc hlqh fluoride '

levels (hard Water)--not from Samples of def1ned chem1cal fluor1de p%itff“lij

L

.: ?f" ’-

’ aﬁd1ttons Skeletal abnormal1toes caused By excess1ve flubr1de lntake> ,ifﬂf»“
' :j,‘_ ﬂave'beew;reported‘(Shupe et al. 1962 Shupe, l966), althOUqh few o
S '}fll earlier nesearchers believed that th1s s1tuat1on posed any serious

threat to pubfic health (McCauley and McClure, l954 Leone et al., 1954a);;f¢§f

-{ffff T“‘:fRenal damaq!'was postulated by several researchers (Sinoh l964 aié,-fitf

- sl - .,4.
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e Ramseyer et al., 1957) but renal failure as*f”

-.%'p !
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v V.. Fluoride Abso~ption

- appeared in the bloodstream as early as lO min after inqestion, with»;ﬁffﬁ

never been repbrted Because of the laek of concrete scientifi@ evi - ’,

dence prov1nq severe:toxic effects of fluorosis. many municipalities

A were reassured of the safety of flupride additions This assu;ance res’

sulted in nearly 4000 Amer‘!an communities supplf?na 82:million people .',~?;ﬁ
(52 8 percent of t!@ populations with fluoridated water by’ 1967 (U S ;hifﬂiﬁ
Department of Health, Education ahd welfare, 196#) The same trend has _lL'ii
been observed in Canada and has resulted infthe fluoridation of local

S

Edmonton water supplies sinte September, l9%7 "f*fifv;.._- | n., R

"lII; Endemic Sources of Fluoride _ﬂ‘»'i_,;;‘,°

‘ Fluoride has an extremely wide ranqe of appearance in nature e
It occurs most abundantly as the mineral fluorspar (Can) and as crvo-iler7l
lite (AlF3 3NaF), but does appear inﬁhmall amounts in compounds such as~
amblyqonite [Li(Alf)P04], apatite E}n§CLF)(P04)3] and topaz [A125104(F OH)Z]
or as a contaminant in compounds such as muscovite [KAlSi3010(0H)2] and o

limestone (CaC03) Fluoride usually occurs in surface movind waters at

| a level less than 1 ppm (Largent, 1961) The transfer of fluoride'from

° soil and water to plants appears minimal‘“*Flubride is toiic*to most :.*4iif

p]ant tissues and only trace levels of flu0rides 1n cereals and eereal
products was found by McClure (1949) McClure (1933) did obServe that
the leaves of thpge plants contained hiqher levels than did the stem; "‘jf

USina doqs, Carlson et als (1960) demonstré!ed that fluoride~»°“

,:$} mak imum levels occurring after 60 min. This is due to the fact thatf;fiﬂ“fihf
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- absorption of FTuoF es’occurs nbogh

Stookey et al. (19644 demonstrated that the absorption of fluorides by

rats involved a passive process since neither the stomach nor the in- : f d
testine POSSGSSGd a system capabie of active transport. It should\be ,l;?:?;é
noted that only the fluoride ion As important in fluoride metabolism. e
McClure et al (l945) demonstrated that solubility oﬁ ‘fluorine =

'\; supplements fed to hnuwﬂnflbenced the amount of fluoride absorbed \ ﬂr{‘

by the qastro intestinal tract It was found that insoluble compounds nfj‘v
Such as. calcium Fluoride and cryolite released fluorjde ion (via absorp- ;3-
| tion) to the: blood stream far slower than soluble compounds such as. | -
- sodium(fluoride or sodium fluosilicate Usino human exoerimental sub-” _;yf,ﬂ;
Jects, Largent (l960) found that 86 97 percenteof soluble fluoride in ‘Ju”*ﬂlgi
drinkjnq water was absorbed by the qut, while fluorides found in.food . :fi

. were. as low as 30 percent absorbed Hodoe (l961) conterded that elements
"_ of the human diet.could form complexes with fluorides which could reduce

the amount of fluoride absorbed Stookey et al (1964a observed in :
”, studies on rats~that the rate of diffusion of fluoride across ‘the aut o
wall varied with the aqe of the rat | Stookey et aly (1964b) Contended

that up to 90 percent:of the fluoride inoested by rats could become .

absorbed but this varied with alimentary time and solubility of fluaride
They further contended that starvation of rats prior to experimental

trials resulted in absorbances of fluoride that were increased by as much

as 30 percent Stookey et al. (l964b) also disputed Hodae s (196l) pub— :

‘ lication by statino that even thouqh calcium administration decreased
fluoride absorption (by precipitation as. Can) in rats, phoSphate admini‘“
stration increased fluoride absorption They noted that when calcium and

“"."-._ . B

e



heously bv rats. nbsOrption of ;

phosphate were inaested s

o T

 was reduced by more thh that of calcium alone. Sdttie and’Phijf“ ‘
(1959) demonstrated that hiqh fat diets fed to cattlelinrnelsed the
toxic ef cts of fluoride Suttie and Phillips (195;9 stated that, in
qeneral uorosis was fbund to be enhanc d by poqr,nutrition. hioh-fat
intake and celcjum end vitamin deficienci s. Larg‘ft (1961) noted that
human fluoride intake increased durinq the hot summer months, as water
intake increased. but fluoride recovered (in urine)ewas decreased...f

' possibly due to evaporation and appare“t increased ;torene in the body

! N\ . ‘.'.

xR Fluoride Distributjon ' sdf?
; ff"Fluoride distribution is i

A x

x fluoride inqested-efther becomes absorbed by the host or s excreted

'.i ¥ Once the fluoride has been absorbed and appears 1n the bloodstream. it

' cen eeturn to the intestine (a reversal of the passive absorption) to
be eXCreted 1n feces, it cen become collected 1n the kidney and excreted

in urine or can become deposited in‘body tissue The qreatest limita-

tions qf excretion of fluoride is observed by the excﬁftory capacity of //fflf?

PO . ,.;4_.‘

C -

,{a

_uqﬁt to follow a simple pattern--i‘fxxe;:;e

: the kidney, beyond this Capacity,an increase in flyoride intake results 7
- ln,tempOrary or. permanent.storaqe of fluoride in the soft *issues or ?zﬁ

bone Carlson et al (1960) demonstrated that less than l percent

body fluoride of doqs was seen in panotid salive Laraent (196l 'con-

~




redoﬁhized. rtuaride ;*”V”“

quoride ing“'tion. Carisof et a1 _(1960)'”
. retention 0F‘F18 fsotope fn.Af )

o (]ead{ng to a nore stable { - by
ion by fluorine. They further'c{ted'Neuese'
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":[15}!"(1957) observed histogicg] changes (1ntersb1tua1 ﬂenhr{tis) that pro- : ”f‘3
ed(,greésively increasedlas levels of sodiumufluoride administered fb raps '

. /were 1ncreased 1n excess of 50 ppm v1a the drinkinq water = _f.*f
a1so observed renal tubule hypertrophy and hyperplqsia. Simons (1965)

gf fluorosis, but added that the kidney Tnaury or d1sease. shor ‘ofyrenal

] : faﬂ]ure, did not decreasg.¥luoride excretiOn via the ur?nwu 'Smith et a1';f{

. .?'

'vfas 1t doGB iodide,;exeess1ve amounts 0 fluoride could 1nte”



the actibn of flubride. . They /ﬂsovobservedia' 'eduction

Jiet contammq 20 ppm*i’
sliqht we‘ight ‘losJ (due
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o Y STATSMENT or THE PROBLEN S

| ‘t'f 'This thesvs;was designed to demonstrate what effects the addi-

;; tion of. excessive amounts af soluble fluoride to drinkinq water would
‘ ‘

have on-teeth bonesﬁ kldney,,liver, blood cells and body weiqht in

' chinchillas~and-rabbits. Because of thevproblems of incisor mal0cclusion .

experienced in the Upiversity of Alberta !hbbit and pika colony,and '
l*asince the literature squests that this type of malocclusion could be

.”,ﬂg induced in’ susceptible laboratory animals exposed to low levels of L

K4

ke et
fluoride intake, the question of whether or. notwan incisor malocclusion

could be induced in Polish Rabbits and Chinchillas exposed to fluoridated .-““

'*lvnaters was; posed In addition, parameters such as calc1um, phosphorus.,
N

' g bone strenoth and body ueight,were examined in order to reveal any more

fa

't,. subtle ehanges whdch would essentialiy be subclinical

Therefore, the purpose of this study is

l) To study fluoride intake, eXcretion and retention in chinchillas to:. ;h;’?”‘

-

_ observe any abnormal variations 1n fluoride metabolism T

ffb 2) To study fhe teeth of Polish Rabbits and Chinchillas to observe any

‘aif ication of fluoride induced malocclusion, and ,'
)f To examine thebeXperimental qnimals for subclinical abnormalit:es L
as a result of controTled exposures to fluorides ]
RN S SR
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B of approximateiy fonty animais) was obtained from a 1OCa1 chinchiiia

'fbreeder prec1se standardization of chinchiilas (Simflar sex, aoe and

;achinchiilas was tittooed, weiqhed processed (provided with caoe cards

. fiveﬁpreqnant females and two young chinchilia"(weaned*fr’“'

T o WAGRIAS WD WO

. . : AR
. . B : . ’ Lo .'xg.l' N L
W o . . ;

This thesis presents the resuits of experimentation carried out

f. Introduction

,'wﬂthin the facilities of ‘the Department of Bioscience Animal Services

1ocated‘n the: Bioloqica'l Sciences Bui]dino of I:he University of Ai-berta
For tbis research two spec1es of animais were utiiized--the Chinchilla

(Chinchi11a 1aniqer) and the Rabbit (Oryctoiaogéycunicuius) var Poiish

The research animais were housed and maintained under conditions surpas ing

" - ‘those- stipuiated by the Nationai Research Council Girectives, the Canadian u*~;

« Council of. Animal Care's “Care of Experimenta1 Animais ‘A Guide for "'-‘-1*’:

Canada" and the Universities Act of the ProV1nce of A]berta

-

11, Experimehtal Animais 3 .}*'v",e : ”T: v' a_ﬂ?._.-?f ';fe]f -ii'A FIREe
- AL Chinchilias S IR 9 L I o

, Since the chinchiiia coiony (or101na11y containinq a popuiation f}

‘ ‘v:weight) was ot feamble- On Julycl, 1973.esix;een"chinchmas (chosen

o because of the same sex, approximate age and approximate weioht) were

random]y divided 1ntotfour experimental qroups.l Each group of four 'f'ff¢7fféﬂ

'3containing pertinent data) and supplied with water containinq 0, 1, 10}}_,:

. or 20 parts’ per miliion,(ppm) fﬂuoride. In order to ohse"e'any variaa’f‘~h»xi

tions in the effects of hiqh f1uoride administration ‘tiponi _ounoer animais,\ ';f
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. 8. Rabb'lts '. ,lé i e T
S S ﬁi’ ' e
: Due to difficulty in productioh of offsprina 0{_*gg4chihchilla517‘.‘“
(défficulty in brgeding and a 1onq destation period of. 119 days),
"was decided that further experimentation on the effects of excess&ye ' ::? ;E
fluoride 1ntake on .younger. animals could best be achieved by direct ex- hvi

' _?perimentation upon rabbits On November 1, 1973 S'iX PO‘TSb R’abbit ﬂOéS',;..,; .
~and two Polish Rabbit bucks were obtained by the department for experi-f}-;.‘lf

;mental pqrposes, the does ‘were divided intb three experimental qroups

“‘.!and supplied with water containing fluoride levels of one of 1 ppm, 20

_ppm and 40 ppm. processed and bred Youno rabbits obtained from these
- breedings were kept when weaned and maintained on the same water treat-];‘*{'f
"ment as their mothe‘kbnd observed until the conclusion of the experimentglif?f
.=119 Hou51nq

.- ' - y ‘ ‘ .
A; Chinchillas G R .

Experimental chihchillas were kept in environmentdﬂ]y controlled}?,A

quarters under regulated light (12 hr light and 12 hr dark), controlledf”'f
.'humidity (57% + 1. 0% relative humidity) and contro‘led temperature (66°F;.

ies g -...-fx..,-

‘;+ l°F) Controls (relative humidity--Johnson‘Service Co and tempera-~;f
’i'ture--International Register Co.) used 1n the maintenance of these ‘ ;.
.,rigid env1ronmental conditions are 1llustrated 1n Platés III and IV '%
”The hiqh relative humidity of the chinchilla room was maintained to_pre-
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Bone Calcium . . ~;;;-g‘;.f'

':dt;

N

T to testing, ground using a Model 7OOS Blender (waring Co ) and placed

A

~ storage containers until utilized

— yi RandOm‘Eﬁne sample3“wera—removed—from—the—freezer—24—hr—prior__~__e_____
tOItesting. ground using a Model 7005 Blender (waring Co. ) and placed | X
in l 9 portions in- porcelain crucibles. Samples were charred and placed

in a 800°G muffler furnace for 4 hr for ashinq Samples were then : ;_ j;

:b tested for levels of calcium usinq the method described by Moss (l961)

o,
.

C Bone Phosph u;

--_t _Random ﬁﬁne samples were removed from the freezer 24 'hr prior

dn 1 g portions in porcelain crucibles Samples were’ then treated with
5 ml of a magnesium nitrate solution, a few grains of maqnesium oxide ,
powder and allowed to sit overnight The next day, samples were boiled

dry on a hot plate and placed in a. 1200°C muffler furnace for R hr

Saﬂples were. thén tested for levels of phosphorus u51no the method ,§
described by Donald: et al (1956) o g - ;,) o L '.-i»; {?f
?7'D°f Skulls .l . ',. o Lo o et

1 Preservation tfdow'd}.f; l['ml‘ .i - e

Frozen skulls were placed 1n lOOO ml: beakers containing 5- l0 ml
of commercial dishwashing liquid and 500 ml of water Beakers, contain-'»

1ng the. skulls in ‘the soap-water solution, Were then boiled over a bunsen“:ify"

-4

burner for 2 to 3 hr\ Skulls were removed From the beaker an& a1l re- ,fi7l

v o Ty 9“ / . \ T
. ) -

maining muscle and tlssue<removed S S Lo _49, ‘:-;i-v

e . Y

2;_ Tooth Parameters 77;_ :f-; .;'ﬁ3fif'»ﬁi_ R _"m,f :

3't;tf‘,; Preserved skulls were separated 1nto mandibular jaw and skull

©

ang“maxillary Jaw, wrapped in cotton battinq and,placed in plastic i“§/3?~;m,”

e " = * . . ..' . T ‘4 , . . .



"string over the length of incisor to be measured marking the end of
incisor by ‘a mark on the-string and measuring 1ength d? strihg marked
—.with dia1 caiipers Incisor lenqth was then recorded., To standardize

these vaiues, diameter of sku]l was measured (using the same techniques }fﬁffuf

:as above) and recorded Incisor iength wps then considered in terms of

‘ L ”length of nci r per centimeter of sku11 diameter. L

b, Tooth Er Jtion SR T

‘ angie of eruption was transferred_to paper, the angle was measured usino
'-._a protractor and recorded Tooth5eruption angles were measured as '

11]ustrated by Plates VITI IX and X, and rec0rded for each experimentai

- ':\'~-.‘ IO PR . ‘).> .

'-jj;c,' Incisor GaE

PRUREP I

The Space between each set of inciers was measured in chin—»,, :

TR R,

1y demonstrate the angie of tooth eruption to be observed Once the fdr

s.ﬂfchiilas.and-rabbits (usinqndla; caiipers) ﬁgﬁ;;éwegqﬁq‘1f;;-;J;1;*~45:;‘Ji

!

d Genera] Observations

0nce caiculations were made, each jaw was e1ose1y examined to

: j-observe tooth quality and tooth coioration (pigmentation) and photoqraph

:.~of unusuaJ jaws or teeth were taken. _?;«} o

A moveabie cardboard L-square was designed and made to pictor-. ¢,11;=3
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. TABLE 'xv

.".
.
.év -

: ‘Level of FTuoride "
» A histered(pgm)
«Via o
‘Water

L'
Expos

ve] of Fluoride in Kidn"

ahd Liver fn. Pol'ish Rabbits e

X
.‘:o..

Level of Fluoride
1n Kidney/

Level of Fluoridei, ~Tim
Slin LiVer L

-

. ar1gg:%peve S, of Dietarx»Fluoride

Lo

. pnt). : ' pm ' :
Va]ue Average Median Va\ue Averace Med1an R
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20 e 200 -
Ty 20
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"?thOniy Group I Animal 7 and GrOup V Animai ﬁ

*ffﬁyftention ievels while ail kther "abbi R

Nide variations in fluoride contént of iiver tissue (Table XV)
. @ uori de :
oy ‘fgieveis in liver tissue werb higher for aii fTuoride treated rabbits thanj;u-7

”.f'existed among the various experimenta1 qroups In genera]a

w“f,for con.roi rabhits. An interesting feature of Table XV 1s tha those

‘i:f”s:{:anima153W'th high fluoride 1ev ;S in kidney tissue hdd lower iiver f}uo¥3 o

Q:*}ride leveis than those animaTs wit: 1ower kidney fluoride levels..,=,;;3;fff*

'{v-j““.' VII Bone Strength andjgpne Cémposition
L A Bone Breakingrstrgfgth of Chinchi]ias

*ifference (Iab]e XVI) From data 1n ;his table, 1t was fbund{iha Ch1nf?
.:-,‘i;';‘:ch.‘*nas fr;"\ GY‘OUp V had bones tha' R . B e

'1?f(as demonStreted by amount of phy51ca1 fo“ff;

-iﬂﬁtre"gths that Were J!Qater than those obtained from any other quup;f‘”

~-‘”_v'-“"":Th'rs obserVation.of high breaking strength contradicted those values7ii

"‘;':fing strength va]ues.}‘f .*3;‘jf.v;;_ <;q;‘.j*;;é;fff



‘Level of . . "Forc 0

“Fluoride. - Break- “Breaking: Strength/,,_
N An. Watqr Circumference Bones,t*Unit of c1rcumference‘=
";’*':*A"fmﬂ (me) (mm) T (M) (Mv/“lﬂ-)

AW
.,Hgi-IV 4
e i,...IIT/3 ] ) R
S s ot S

Y_II

2
-3
3
1 ! . "‘_ b ,’ -.“"-‘:'7; .‘
*4 4Jg,fﬂ o
T
8

TABLE XVII Ca1c1um and”Phosphorous Studles Versus F]ﬂor1de
L , Admin1stered Tﬁ Ch1nch111asa-=~» ST
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-_.'_.T";'Chart onB\O‘bserves vthat _ver'y AH t’le variation -i‘nileﬁqt
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: Tooth 0&!114y Versus F1qpr1de AdminiStereqtin Chincﬁil]as o
,;gg (;fl ’ ‘;3  ;,“4?,y_ .-,*..31 .  _.,_“‘  = ;;vj_d-i

, - '; Fluoride - Ty L i
PR IR Administered _ Color of Teeth U e
S Via Water: (Deeﬁ°0range-C1earT ST e
ol A"‘”“ - (ppm) -*% L e ) Mott1ed Commgnts- Sy
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