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ABSTRACT. 

T\·JO six-ucek fluorine feeding trials He re conclue ted t·7i th young 

grmiing guinea pigs as t est animais. Basal diets were prepared that 

contained 75% hay since the ultimate aim of the cxperiment \·7as to 

establish a bioassay for fluorine in forage crops. 

Sodium fluoride was added to the basal diets of sorne groups to 

achievc levels of fluorine ranging from 19 to 130 p.p.m. To othe r 

groups, fluorine-containing hay grown in the vicinity of a large 

industrial operation t.Jas fed, resu1ting in dictary fluorine levels of 

the hay-meal ration ranging from 60 to 112 p.p.m. 

Fluorine in the diet depressed the feed intake and weight gains 

of guinea pigs Hhen its l eve! in the complete dict approached 70 p.p.m. 

The heights of incisor ameloblast and odontoblas t ce11s as mea sured 

microscopically from longitudinal sections of the guinea pigs' mandibles 

Here depressed progressively by increas ing increments of dietary 

fluorine, as was a lso digest ion of the crude fibre in the diet. Bene 

s torage of fluorine increased as the leve! of fluorine in the diet 

increased. 1-J'hen the p. p .rn. of fluorine in the bane ash \.Je re p lotted 

against the logarithm of the p.p.m. of fluorine in the diet the 

r e l ationship was es s entially linear. The regression of f luorine in 



bane ash on dietary fluorine was of sufficient magnitude to 

suggest that bone storage could be used as a criterion in a 

fluorine bioassay. As judged from the various indices examined, 

fluorine in the form of contaminated hay appeared ta be less 

available to the organism than fluorine in the form of its sodium 

salt. 



IN':'RODUCTIOU • 

Farm animnls arc exposed to dictary fluorine fr01c1 a n.umber of 

sources. The eJ.ement is present in small amounts in most natura1 

feedstuffs so that a completely fluorinn-frec diet probably does not 

exis t outside of the laboratory. Fluorine is also found in higher 

than average concentrations in certain Ha ter supplies, in r m·1 soft 

phosphates used as mineral supplements and in fol i asc s rmm in the 

vicinity of certain industrial operations. 

The various spccies of domestic animais are thou~ht to cxhihi t 

differences in the degree of their fluorine t olerance, and in this 

r ec;arti it is generally acceptecl. that ruminant animals a re the most 

susceptible to chronic fluorine poisoning. 

Probaoly duc to cconmnic factors , clairy cattle have r ec.c i ved 

most attention oy invcsti3ators of chronic fluorosis of domes tic 

anirnals in N0rth Aracrica. In this s;:>ccies structural dcfects of t he 

permanent teeth that e rupt during or immcdiately follouin~ prolon8ed 

e~~ccss ivc fluoride intake i s the first anc1 nost eas:i.ly recogn i zed 

symptom. Thi s particular l e sion, ~1hich i s in effect an ename 1. 

hypoplasü'. , f r equent ly i s referred t o as "dental fluorosis . " Den ta l 

fluorosi s of moderate s everity may occur as the only manifesta tion 

of elevat od fluorine i ntake and in such cases it i s doub tful if the 

economie value of the animal is serious-:.y affccted . 

At rather poorly defined higher fluorine intake level s h mJever, 

skele t al changes , l ameness and nore general ized symptoms such as 

dec line in appetite, body ~·Jeight , and milk production occur . 

1 
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Investigations and literature revicws over a number of years 

have indicated that under e:~perimental conditions an intake of fluorine, 

as sodium fluoride, beloH one milligrar.1 per kilogram body ,,Jeight per 

day continued over periods of several years has resulted in no measur­

ab le economie da.-nage ta dairy cm,Js. At in talees above this level, and 

depending on length of exposure and possibly other factors such as 

nutritive s tatus, there is the possibility of economically important 

damage. 

It is often necessary for field investigators to decide uhcther 

or not animals consuming feed or Hater \vith elevated fluorine content 

are suffcring from fluorosis to the extent that economie damage has 

occurred. An approximation of the daily fluorine intake can be arrived 

at by calculation based on the chemical analys is of the feed and Hater 

for its fluorine content. Hhen this approach is talcen it is occasionally 

observed that animals under field conditions appear to suffer economie 

damage at levels of fluorine intake that failed to seriously ü1pair the 

economie value of the animals of the same species under experimental 

conditions. Hhile it is r ealized that the uncontrolled factors of 

heredity, nutrition and management that are difficult to assess in 

field cases, no doubt play a significant part in this problem, still 

the conjecture has arisen that perhaps fluorine in the fom of con­

taminated foliage may exert a different biological effect than fluorine 

in the fom of the sodium salt, ,,;hich is the form of fluorine employed 

in most feeding expcriments. 



It is felt that one approach to the question of the relative 

toxicity of different sources of fluoride would be the development 

of a suitable bioassay . A bioassay may have advantages over chemical 

determination of fluorine in feedstuffs, especially in the assessment 

of the probable toxicity of particular sources of fluoride. The major 

problem would be to find a numerically expressed criterion of fluorine 

intake in sorne readily available l aboratory animal. The effect of 

ingestion of varying levels of different sources of fluoride could then 

be comparecl. 

There i s acceptable evidence that the inciser taeth of the r a t and 

ether laboratory and domestic animals are one of the most s ens itive 

biological indicators of elevated fluorine intake. Both the enamel 

and the dentin of the tooth are affected and since the formation of 

these structures is a function of the ameloblast and odontoblast cells 

respectively it would be anticipatcd that changes in these cells woulcl 

occur prier t_o the gross changes in the tooth. Indeed, Schour and Smith 

( 193'-1) have reported derangements of the amel ob lasts and odontoblas ts 

in experimental fluorosis . 

A depres s ion in height of the incisor odontoblasts occurs as a 

result of vitamin C dcficiency in guinca pigs and use has been made 

of this fact in a bioassay technique for vitamin C developed by 

Crampton et al. (19~ 4) at this laboratory. The guinea pig is able to 

consume a reasonably large amount of roughage in its die t and since 

from the prac tical point of view, one of the most usefu l aspects of a 

bioassay for fluorine would be in assess ing the toxicity of fluorine­

containing forage crops , this species would appear to be ideally suited 
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as a test anir.1al. It therefore secmed logical to examine histologically 

the inciser teeth and associated tissues of young gro\·ling guinea pigs 

that had ingcsted fluorine at several intake levels. It was considered 

that there \·Jas a definite possibility that the heights of tlw ameloblast 

and, or, odontoblast cclls might be deprcssed or clevated in linear 

relationship to the fluorine content of the diet. 

In or der to tes t the ab ove hypothes is an experiment \Jas conduc ted 

in three phases \·Ji th the follmving objccts: 

I. The dcvelopmcnt of a satisfactory basal diet that \·10uld allaH 

maximum use of forage, since bioass:1y of f l uorine-containing h ay 

\·Jas the ultimate aim. 

II. The establishment of a satisfactory histological technique that 

uould permit dental cell measurcments to be made in HelJ_ defined 

areas and to determine the range of dictary fluorine Hithin \.Jhich 

guinea pigs might serve as the test animal in a bioassay procedure. 

III. The collection of data that \vould permit the selection of criteria 

upon \vhich a dosage response curvc could be establishcd for 

fluorine bioassay. 
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REVIEH OF LITERA TURE. 

Through the years there has been considerable intercst in the 

biological effects of fluorine uith the result that the "fluorine 

litcrature" is extensive. A recent compilation by Campbell and Hidner 

(1958 ) lists over 8500 references in this field. Thcse workers report 

an interesting trend in the literature on fluorine compounds, in that 

carly reports (up to 1932) deal for the most part \ ·J i th acute toxicity, 

After this time attention seemed to focus more on the chronic effects of 

prolonged exposure to lm·J levels of the element. In so far as the 

dental effects of fluorine are concerned another trend is apparent in 

that reports up to the early 1940 1 s are concerned with the tooth 

damaging properties of fluorine. From that time on the emphasis has 

shifted so that in more recent years the majority of papers have dealt 

with the beneficiai effect s on dental health of lmJ level fluorine 

ingestion. 

Although the toxic nature of fluorine compounds for man1r.1aJ.s had 

been reported in the J.iterature from the middle of the nineteenth 

century one of the first reports of chronic poisoning in farm animais 

\vas by Emrnerling (1902) \·Jho issued a uarning against fcedinz pizs 

lime phosphate that contained sodium fJ.uoride . Sincc this time thcre 

have been numerous reports of chronic fluorosis in livestock 

occasioned by the ingestion of fluorides in various forms. The papers 

by Boddic (191~7 ) frora the United Kingdom, Hitch2l l (19li2 ) from the 

United States, UaliŒr and Hilne (1955 ) from Africa , Pierce (1939 ) 
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from Australia, Dale and Crampton (1955 ) fror.: Canada to cite just a 

f ew , i:!.J.ustrate the Hor ld-Hidc intc r cs t in the fluorine problcr.1 in 

livestock health. 

The sources of fluorine that mig~lt adv ersely affect livestock. 

have be e n r e porte d by Phillips et al. ( 1955 ) t o inc lude the fol:!.o\·ling : 

(a) mineral feed supplem~nts. 

(b) uatcr contamination both by soluble and particu late fluorides. 

(c) forage contaminat ion \oJith soil particJe splash of high fluoricl e 

content e .g. road dust. 

(d) forage containing e l evate d fluorine content induced by effluent 

fluorine f r om industria1. processcs. 

(e) manufacturing by -products containing high fluoride conte nt that 

may 0e used as feed concentrates. 

The r e has been considerable inter es t in the question of the 

degree of to:dcit~r of variou s fluorine - co:1taining compounds and also 

in uhcther or not a g iven fluorine compound \·las more or l ess to~~ic 

when a dministere d in drinl~ing Hate r as compared t o its prcse:1cc in 

the f eed . HcClure ( 1_939 ) indicated that there \Jas no d ifference 

from the s tanc~poin t of : severi ty of cffec ts produced, ra te of gain, 

or fluorine s t orage in the bones a nd teeth, of rats exposed to 

sodium fluoride at e quivalent l eve2s 4" '' and no 1• ) _, . L ;:- • ,- p.p.m. 

eithcr in ûrinkins \·Ja ter or in fecd . Lawrenz and l'litchell ( l ':,A1 ) 

e:~posed rats to sodium fluoride and calcium fh.10ride in feed or in 

~Jater. On the basis of data accumulate d on :_:; r oHth and the amount of 
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fluorin~ r c tain2d in the body , it sas conclud~d that at lm1 lcv0!s 

(8 p.p.rn.) th8 f1.uorine in [;oc~ium. fluoride administen~d in c!rinldng 

water vas 21~ more assinilahle by the rat than the fluorine of the 

sane con~ounci,cansumed in the food, at the smne leve i . Th e smnc 

authon;, in a second experiment, fee~ rats, diets c>f equ i valent 

calciu~ content, tn which sources of fluorine were added as sodium 

fluor ide, r;round t ca leaves, or rau roc.l~ phosphate. The co ne 1usions 

derived fron both these experiments Here that at intal~es of ~-~ -1~ 

p. p .m., the fluorine in sodium fluoride uas no more assimi:'.ab~.c b;,r 

the anir.1al body and prcsumably no more t oxic, than the f!ue)rine in 

calciun flu a ridc . The fluorine in sodium fluoride was, howevcr , 5~ 

mor e assimilable than the fluorine in er~cn tea, t-!llich in turn \:as 

someuhat m~>re ass imilable than the fluorine in raw rock phosphate. 

HcClure (1950 ) reported that tltere uas no diffe rence in amounts 

of fluorine deposited in the molars, incisors, mandibles or femurs of 

rats f c d sodium fl.uoride or sodiun siUca fluoride at dail~, dicta ry 

intake levels of fluorine of 5, 10, 1~, 25, a nd 50 p . p .m. On the 

other band, J ackson et al . (1950 )fe d f luorine to rats as the sodium 

salt and a s f lu ::n:ine in bone meal a nd s h oued t hat t h e fl uorin e retained 

varied in straight line rclationshi[l u ith the total fluorine consumed 

in so far as sodium fluoride \WS concerned . The proportion of fluorine 

retaine ci from addc d bone me al de cre as c d as the amount ingcsted 

increased . Hobbs e t a l. (195l.~ ) reported that fluorine on a p.p.rn. basis 

in forage from t he vicinity of an aJ.uminum plant resulted in a loHe r 

bone s torage , as well a s l e s s s eve r e c ffec t s on t ceth t han uas ob serve d 



uhen f:!.uorine uas fed as sodium fluoriüc at an equivalent levcl. The 

animaJ.s in this e~:periment ~vere beef cattlc continuously exposed ta 

fluorine from one year of age up to three and one-half years of age. 

The same authors studied the relative tœdcity of various fluorine 

compounds included in the diets of rats at leve ls of 150, 300, and 

600 p.p.m. Comparative storage in bones from the various compounds 

ranged from high to law in the follouing order: 

(1) K2SiF6 ( 1+ ) NaF (7) CaSiF6 

(2 ) NaSiFr-
t) 

(5) rocl~ phosphate (3) HgSiF6 

(3) KF (6) natural and (9 ) CaF2 
synthe tic cryolite 

Storage levels did not ah1ays parallel severity of damage in the 

teeth. ~lhen fed at the same level potassium silica fluoride produced 

slightly earlier and more severe dental damage than did the other 

compounds. fl.n experiment uith rats uas also conducte d by thes e ~vorkers 

to compare the toxicity of forage contaminated by industrial effluents 

with that of sodium fluoride. Groups of rats were fed levels of 

15-100 p.p.m. fluorine as sodium fluoride, or as contamina ted hay 

from an neffluent" arca that uas substituted for the alfaJ.fa meal of 

the basal ration. Bone storage of f luorine from contamina t ed hay ~vas 

cOiilparable to or less than that from sodium fluoride, ho\vever the 

tee th of animals fed the fluorine-contar.1inated hay shoued s li3htly 

grcater wear . 

The rasults of controlled f eeding trials by a number of 

investigators have suggested that the various species of domestic 
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animals exhibit different degress of t oJ.erance to the toxic effects 

of prolonged fluorine ingestion. PhiLips c t al. ( 1955 ) suggested 

that the folloHing dietary p.p.m. of fluorine as sodium fluoride or 

other solub;.e fluorides, and as phosphatic limestone or rock phosphate 

v10uld not producc evidence of economie damage: 

NaF Ilock Phosphate 

(a) Dairy cmvs )0- 50 60-1 00 

(b) Beef cm vs 11-0 - 50 65- 100 

( c) Sheep 70-100 100-200 

(cl) " . o:>U:Lne 70-100 100- 200 

( e ) Chic kens 150- 300 300- 400 

( f ) Turkeys 300-hoo 

Expressed in terms of milligrams of fluorine per l:.:ilogram of 

body Height per day, the Hark of Rand and Schmidt (1952 ) and Schmidt 

et al. (1951~ ), as 'vell as t he critical literature r evieu by Schmidt 

and Rand (1952 ), suggests that for dairy cattle a maxir.10m i nnocuous 

level for the most taxie of the corrrrnon fluoride salts ( sodium fluoride ) 

is i n the neighbourhood of one milligran of fluorine per kil_ogram of 

body ueight pe r day . 

Other \-lOrkers have attempted to cstablish t he t olerance limits 

of fluorine for livestock in s a far as the occurrence of !' econoraic 

damage"is concerned. Neeley and Harbaugh (1951~ ) studied a herd of 

catt1e Hhose source of drinldng uater had an e1eva ted fluorine content 



and agreed \·lith previous \·JOrkers that one milligrar:1 of fluorine per 

kilograr:1 body weight per day produced only moderate dental fluorosis 

10 

Hi th no economie damage. Suttie and Phillips ( 1959) reported on studies 

\.Jith clairy cattle fed graded amounts of sodium fluoride in the diet. 

Their results suggest that inhibitory effects on milk production and 

maintenance of body Height might be anticipated in clairy cous receiving 

fluorine at the rate of 1.7 milligrams per kilogram body \Wight per 

day if the animals were exposed from t-.;vo years of age. Hhcn mature 

animals \·lere exposed to excess dietary fluorine in the same manner 

they \~ere able ta withstand as high as 1.95 milligrams fluorine per 

kilogram body \veight per day for at least tHo lactations. 

In so far as laboratory animals are concerned there has not been 

the same degree of interest in establishing safe tolerance levels of 

fluorine. Sollman et al. (1921) added sodium fluoride to the feed of 

rats in graded amounts so as to provide a fluorine intake of from 

0.15 to 151 milligrams fluorine per kilogram boày \veight per day. 

He reported that doses of ~·2 to 151 mi lligrams per kilogram body 

\·1eight per day produced irmnediate and marked retardation of growth. 

At dosage lcve ls of 0 .15 to 8 . 0 milligrams per kilogram there \·las no 

effcct on grouth or feed consumption during the nine-Heek feeding 

period. Cristiani and Chausse (1927) cstablished that the fatal dose 

of sodium fluoride for the gu i nea pig uas b e t\·Jeen 240 to 590 rnilli­

grams. They reported that five percent of this d·;->sc administcred 

daily produced cachcxia and death in three to four months. Tuo percent 

of the l e thal dose per day did not adversely affect t h e guinea pigs 

during a ten-month periodj in fact the ir \veight gains exceedcd that of 
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the controls. 

The snall laboratory animals have bQen utilizcd to a much greater 

extcnt than the domestic farr.1 animals in experiments designecl to study 

the 1aetabolism of fluorine in the animal body and the influence of 

dietary and othc r factors on fluorine toxicosis. In this resard Miller 

and Phillips (1956 ) reported that t~w a::;c of r ats at the commencement 

of fluorine feeding had a markecl effect on the rate of deposi tion of 

fluor i ne in the femur . Younger animals accumulatcd fluori ne in the 

skeleton at a faster rate than did older animals . Youneer animals 

also r eleascd a grea t er perccntage of their bane storage of fluorine 

than did older animals when fluorine 17as removed fr om their respective 

diets. Upon reintroducing fluorine into the die ts of these animal s it 

uas found that the older rats r edepos ited fluorine in the sl~eleton to 

a lesser degree than did the younger animals. 

The effect of fr e quency of fluoride administration in relation to 

skel e t a l s tora8e Has invcst i gated by Heddle and Nuhler (1956). Their 

data indicated t ha t uhen young rats inges t f l uorine once a day raorc 

fluorine is rcta ined in the skele ton than is r e tained Hhen an equival­

ent amount is given in divided doses three times a day . 

The influence of di et on t he toxic i ty of fluorine ha~> bcen 

investigated by severa l '"orkers. Smith (J.935 ) r eported that suboptimal 

intake of any of tl1e knm-m di etary essentials did not r esu J. t in 

increased susceptibility to the destructive action of fluorine on 

the tee th of ra ts . He also reported that a ddi tion of vitamin C to 

the diet of guinea pigs exposed t o e~~cess die tary fluorine faiJ.ed to 



influence the e::tent of the damage to the tee th. Hm·Jcver, Bodic ( 1957 ), 

reporting on trials with rats, noted that the inclusion of calcium 

carbonate as ~~ of the diet depressed the storage of fluorine in the 

boues of the experimental animais by as rauch as 50% {·Jhen sodiur.1 fluoride 

was included in the diets at levels of 50, l OO , and 250 p.p.m. 

'i1îe sex of the experimental animal has been shaun to exert an 

effect on the susceptibility to fluorine damage in sor.1c species. 

Channels (1950 ) exposed rats to sodium fluoridc and rcporteù that 

females were more susceptible than males. The effects (Height loss) 

occurred in females after thrce months' exposurc Hhereas at similar 

exposurcs \-Je ight loss did not occur in the males until after four 

months. Bixle r et al. ( 1951~ ) reported that female rats on a lm·l 
' 

fluorine diet (0.5 p.p.m.) storcd more fluorine than males on the same 

diet. Shafer and Nuhler ( 1951~ ) reported that female rats, in spite of 

being smal ler in size , s torcd more fluorine in their femurs than did 

males on the same diet. Thcse latter -.;wrkers also administercd 

cstradiol and diethylstilbestrol ta rats and found tha t the fluorine 

concentration in the femurs of males and f~les receiving the tHo 

hormones uas apprecütbly highcr than tha t of corresponding control 

animais. Ander son et al. (1955), on the e ther hand, rcportcd that 

male turkeys had a lowcr fluorine tolerance than fena l es \vhen e:~posed 

to high leve l fluorine intake i n t he feed. The criterion in this 

experinent 'ms grmvth rate . 

Possibly becausc of the similarity in the dental effects of 

s corbutus and fluorine i ntoxicat i on s eve ral Horkers have investigated 



the relationship of fluorine poisoning to vitamin C me tabolism. 

Phillips (19j3 ) administered graded lcvels of orange juice to guinea 

pigs on a scorbutic diet and noted that sew!ral times the anti-scorbutic 

dose did not prevent the appearance of symptoms simi1.ar to, if not 

identical \·Jith those of scurvy when 25-30 r.1illigrams of f lu.:->rine per 

kilogram per day uas also included in the diet. He su[>;gested tlwt 

chronic fluorine poisoning may interfere \·Jith the action of vitamin C 

in the organisrn. In a la ter paper Phillips et al. ( l 9]l.;. ) noted tha t 

the decrcased ascorbic acid content of the suprarcnal gland produced 

by scurvy \:as also produced by fluorine toxicosis. On the other hand 

Hauk (1931~) reported that fluorine fed to rats and guinea pigs did not 

interfere uith the storage of vitamin C in their livers or adrenals. 

Svirbely ( l :J30 administercd 15 mi11.igrams of sodium fluor ide plus 

30 milligra~s of thyro id extract per day ta male rats for a total of 

19 days and rcported that therc Has a markedly decreased ascorbic acid 

content in their livers, adrenals and small intestines. He further 

noted that ncithe r substance alonc h acl a ny appreciable cffect. Hobbs 

(1)'~1~) noted a decline in plasma ascorbic a cid in rabbits c:~perimentally 

fed high leve~.s of fluorine. Uadhuani ( 1952 ) fed monl~eys sodium fluoride 

at a l cv e l of 10 railligrams pcr ldlogram b ody m~ight pe r da;' for si~~ 

months. He notecl that the inc:!.usion of 2 0 millig rar:1s of ascorbic ac id 

per da~r in the diet of the nonl~eys !_)revented the occurrence of e2~ostos i s . 

Exostosis that formed èue to fluorine in monkeys not rece ivia~ the 

vitamin C s upplement did no t improve af tcr fluorine 1;-yithdraua "~ until 

a s c orbic ac id ~·:as administercd . ùl t hou:;h t h e rolc of vitanin C in 



fluorine tœdcos is is not c lcar J thcr(~ is eviclcnc2 to s upport a 

conclusio'.:l that therc. is a r e 1_ationship bet1·1een the t uo. 

One of the first reports in the liter2ture of an effcct of f l uorine 

on the tee th of animals uas that of Brandl and Tappeincr (lt3 ;:.1l). These 

\VOrl~ers studieô the tce th of dogs that had bccn c:xperir:~e.nta <_ ]_y fc c1 

sodiur:1 flucride . 'I11.cy dcscribcd porosit~r of the cement and s tated that 

the roots appearc cl c orrodcd. NcCoJ. l um c t a l. (1925 ) r c.port2d :)sseus 

overcrn1?ths (c::ostos is) and overgroHth and arcing of tl1.e naxilJ.ary 

incisors in rats fcd a dict containing ~~.'6 p.p.r,1. flu;:>rine. An1strong 

(1933 ) -:>bserved broken incisors in youn;:; grouing albino r a t s f c.d a die t 

cantaining 0.1 percent sodium fluoridc f or Sl~' ueeks. Iae in and 

McCollurn (1953 ) studied dccalcificd and ground sections of incisors of 

rats cxpe rimcntaJ.ly f ed fluorine and describcd t he his tolo:::; i c a )_ changes 

as an cname l hypoplasia. They concludcd that the changes in the t eeth 

are produced during the dc.velopment al s t age s of too t h formation. 

Schour and Smith (19)4) des c r ibed in de t a il the his t o!ogi ca! chanzes 

in the enamel a nd dentin of the rnt's inciser in acute and chronic 

f luoros i s . They concluded that fluorine pr obab ly cxcrts a dir ect local 

a ction on the enamel f onning cel::_s (ame l ob l a s t s). Therc a r c f eH 

reports in the literature on the his tology of the inc i ser tecth of 

guinea pi gs fol lo~·Jing prolonged exposure t o e leva t ed di etary fluorine. 

Fleming (195:'1 ) trans planted t oo th germs obta ined from mice and guine n 

pigs intraocularly or intracercbral ly into guinea pigs an d then exposed 

t h e r ec i pi ents to drinking wat e r of elevatcd fluorine c0ntcn t . He 

late r r ecovered the trans plants at autopsy and descr ibed the histo-

logica l nppearance. CaJcificati on of ename l and dentin u a s r e t arded 



by fluori;:1.è and the structure of :~he ame 1_oblasts ~;ms 2.l ::er?.d. There 

are no reports in the literature on measurements of the hcigl1ts of 

aroe 1oblasts (enamel forming cells) or odontoblasts (dcntin formin ::; 

cells) of anircm1s exposed to elevated levels of fluorine intake. 

r,'he possibility of using a biological indicator othcr than the 

dental effect as an aid in the diagnosis of chronic fluorine poisoning 

~~as sur:;gested by Phillips (1932). He stated that in the absence of 

other bone diseases the plasma phosphatase in fluorosis formed a 

sensitive test for the taxie cffects of chronic fluorine poisoning. 

Ellis and 1:-Iaynard (1936) stated that analysisfor fluorine in boue 

1-1as a more sensitive measure of fluorine damage than the enamel 

pigment changes that occur in rats exros ed to elevated leve l s of 

dietary fluorine. 

Crampton et al. (191:1+) reported that the maximum hcight of the 

odontoblast ce1ls of guinea pig incisors was related to the daily dose 

levcl of vitamin C. Uhen odontoblast heights in microns Here plotted 

against the logarithm of the daily dose of ascorbic acid, the relation-

ship 1·1ns linear bet~·Jeen intal~es of 0.5 and 2 .0 ·milligrams of ascorbic 

acid. A bioassay for ascorbic acid using the guinea pig as the test 

animal and the height of the incisor odontoblast cells as the 

criterion ~ ; as successfully established by these \vorkers (Crampton 1911-7). 
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~XPERIHENTAL PllOCEDUlŒ. 

Phase I. The Determination of a Basal Diet f or Fluorine Bioassay . 

At the outs et of these studies it was necessary to develo~ a 

diet that ~·JOuld be nutritionally satisfactory , acceptable to guinea 

pigs, and at the same time contain a high proportion of roughage in 

the form of a forage crop. A small scale f e eding trial Has thercfore 

conducted us ing three dif ferent levels of ground hay incorporated into 

a complete diet in pellet form. It uas proposed that the ass ay period 

should be of six '·Jeel(S duration. 

Animals. 

Three groups of tuo femal e guinea pigs each, about three t o f our 

wecks of age , u er e used f or this t est. They Her e house.d in individua l 

c ages and each group f ed one of the three diets to be described, for 

a period of s i x weeks. At the end of the f eeding period the tes t anima i s 

u er e ldlled wit h ch l oroform and subj ected t o a post mortem examina tion. 

Die ts. ---
Three experimental die t s wer e formu l ated a s f ollmvs : 

Di e t Gra in lli;~ Hay Ni x 

A l")h(.f 
'"·'J ,a 75cfJ 

B 'jO~~ 50% 
c 7c:r' ') 'J 25~'; 

The t hree di ets wer e pel l e t ed for feeding. 

Compos ition of Grain Hix . 

The compos i t ion of the grai n mi x ' :a s Ha cdonald Co llcge guinea pig 

diet No . lO vli th beet pu lp omi tted. The percentage compos i t i on was as 

f o llmvs : 



Oat groats 
1fucat 
Soybean oi1meal 
Skimmilk pm-1der 
Fislunea1 
Dried Breo;·Jers' yeas t 
No lasses 
Iodized salt 
20/FOS 
Vitamin Supplement (291-A)* 

Composition of Hay Mbc. 

Percent 

~?5 . 0 

23 . 0 
12 . ~) 
15 .0 
5 .0 

10. 0 
5 .0 
0 . 5 
1. 0 
) . 0 

'i'hc composition of the roughage fraction of the diet consisted of 

ground Timothy hay with added vitamins and minerals according to the 

fol1mving formula: 

Ground Timothy hay 
Iodized salt 
20/FOS 

1 

Vitamin Supplement (291-A)·::· 

Percent 

95 -5 
0 .5 
1.0 
) . 0 

In addition to the diet a daily d0se of one milligram of ascorhic 

acid Has administered orally to each guinea pig. 

The diet and Hater uere sup?liecl ad libitum. 

* The composition of the Vitamin Supplement 291-A ~·Jas as foHm-Js: 

Dry Vitamin D (750, 000 I.U./lbJ) .097 
Dry Vitamin A ( 5, 000 USP units/gm. ) .320 
Dry Vitamin E ( 20, 000 I.U . /lb. ) . 227 
Sucrosc to make up 3 . 000 

grams 
Il 

Il 

grams of 
supplement. 
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Results. 

Post mortem findings. 

Necropsy of the guinea pigs at the end of the six-week feeding 

period did not reveal any gross pathology. 

Height gains and feed consurnption. 

The average gain in ~.;reight in six ueeks for each group of guinea 

pigs, along ~·Jith their total feed consumption is sho~·m belo~·J: 

Diet group and 
hay content (%) 

of diet 

~-leight gains in Feed consumption 

A (75%) 

B (50%) 

c (257b ) 

grams after 6 vJeeks 
(average of 2 animais) 

175 

230 

180 

in grams for 6 weelcs 
(average of 2 animais) 

1300 

1375 

1050 

The highest feed consumption and the greatest gain in ueight vJas 

attained by the guinea pigs on diet B. Hm·1ever t he guinea pigs on dict A 

consumed almost one-tbird again as rouch hay as did the animais on diet B. 

Although the \veight gains of animals on diet A were inferior to those 

achieved by the animals on diet B their rate of gain was comparable 'vith 

that achieved by a sirnilar group of guinea pigs that had been f ed a 

standard guinea pig colony diet on a previous occasion (see Appendix 

Fig. I). 

Based on the absence of any gross post mortem pathology attributable 

to the diets fed and the fact that a high consumption of hay ''as a 

priority requisite for a fluorine bioassay of forages, die t A, that 

contained 75% hay, was adopted as a basal die t. 
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Phase II. Preliminarv Fluorine Feeding Trial. 

This trial Has conducted primarily to gain some insight into the 

histolog icai problems that might be encountered in a bioassay based on 

mcasurcment of ameloblast and/or odontoblast ccll hei3hts. As a 

s econdary consideration \.JC also Hished to learn '"hether or not fluorine, 

up to about 75 p.p.m. in the diet, would depres s feed consumpt icn to the 

point \·Jhere a bioassay Hould be complicated by "starvation e ffects" or 

other complications of suboptimal nutrition. 

Animals. 

T\-Jenty-eight male a nd seven fema l c guinea pigs , four to s ix Heeks 

of age Here randomly assigned to seven experimental diet t r eatments 

according to the follouing plan: 

AHotmcnt Plan 

Lot No. Di et treatment 

1 Basal di et 
"' L Basal diet + NaF 7 -5 mg/kg air dried 
3 Il Il + NaF 15 .0 Il 1! Il 

1,. " Il + NaF 30 . 0 1! tl Il 

5 tl Il + NaF 60 .0 Il rr " 
6 Basal di et made up \·Ji th Hay A .. ;.H(· 

7 Basal di et made up Hi th Hay B •**·::-

* Four males and one female per lot 

->i- ·X· F contaminated hay (approx . 50 p.p .m.) 

*** F contaminated hay (approx . 100 p .p.m.) 

fee d ., 
" 
r: 

Ho . of 
gu i nea pi gs 

5)(· 
5 
5 
5 
5 
5 
5 
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It was realized that this plan confounded the effects of 

"kind of hay" and "source of fluorine ': and that this uould render 

interpretation of weight gain data more difficult. The plan deficiency 

\vas accepted hmvever because it did not seem lil,e ly that it Hould 

interfere uith the attainment of the primary objectives of this trial. 

The guinea pigs were housed individually in metal cages with 

perforate d f loors. Fecd and water vJere provided ad libitum. A Heckly 

r e cord was kept of the animals' body 1·1eights. At the start of the trial 

each guinea pig \·Jas assigned a scparate fecd container 'dhich 1·1as filled 

with the allotteù diet and then 1-Jcighed. The cage feeder Has filled 

as often a s necessary from this container. At the end of the first 

lveek the container and the remaining c ontained fe e d \vas again Heighed 

and the difference in \•Jeight entered on the individual record sheet 

of the animal as f eed consumed during the week. This procedure \vas 

r epeated at each t·Jeekly vleighing period. Observations on each animal 

tvere also recorded at the time of weighing and any abnormalities \vere 

noted on the individual record shects . At the end of the six- ':Jeek 

experimental period all a nima l s t·Jere lcilled uit.h chloroform . Th~y 

wer~ then e~;amined post mortem for any g ross pathological changes. 

At this time the mandibles Here remove d, dissected free of adhering 

soft tissue, a nd transferre d to a t en percen t formalin so lution. 

Die ts. ---
The diet previously r eferred ta as à i e t A a nd described in 

Phase I i·7as the basal diet used. In lots s ix and seven ( sec allotment 

plan ), hay samp les A and B 't·1ere sub stituted for the Timothy h ay used 



to prepare diets 1-5. These t<vO hays ~·lere obtained from fluorine 

hazard areas r1hcre previous chemical analysis had revealed a fluorine 

content of undcr )0 p.p.m. in the case of hay A and over 100 p.p.m. 

in the case of hay B. 

The s0dium fluqride added to the diet of lots 2. to 5 Has prepared 

as a solution c0ntaining 2 . 20 grams of sodium fluoride per litre of tap 

Hater. Heasurcù amounts of this solution replaced equivalent portions 

of 1000 ml. of tap Hater used to dampen 2.660 gran batelles of the mb~ed 

feed, prior to pelleting, according to the follm-Jing plan: 

Diet Lot No. NaF solution ad2ed 
to 2660 gn. of feed 

(ml.) 

Estimated p.p.m. 
in air dried diet 

0 v .. 
v ·l· 7.5 A 20 

3 l~o x + 1) . 0 

v )0 . 0 .. 30 

160 x + Co .o 

F 

In addition to the assigned diet each animal receivcd an individual 

oral dose of 0 . ~ ml. of an ascorbic acid solution that was prepared daily 

h y dissolving )G mg. of ascorbic acid in 10 ml. of tap \~a ter. Thus 

each animal Has assured a daily intake of one mg. of ascorbic acid 

over and above that Hhich \-las derived from the dict. Previous Hork in 

this laboratory has indicated that a dai l y supplemènt of one r,J~~ · of 

ascorbic acid per animal is reasonab ly r e liable insurance against the 

appearance of scurvy in grouing guinca pigs on a non-scorbuto3enic 

diet. 



Fluorine levcls in the diets. 

The chchlical analysis of fluorides in the pe lle ted die ts uscd in 

this trial were conducted by analysts at the Aluminum Laboratories, 

Arvida, P .Q. The method used ~ms or,e pro:1osed by Harve:r and Pu~~ ley 

(1955 ). Values r eported for seven test diets and the corresponding 

calculated values are presented in Table 1 . 

TABLE 1. Chemically determined and calculated fluorine levcls in the 
diets. 

Di et 
Lot No . 

1 

7 

p.p.m. fluorine in air dried 
diets by chemical analysis 

30 
- r J O 

8G 

C:o 

78 

Cal culated p.p.m. 
fluorine in air dried 

diets 

24 . 0 

)1 . 5 

)l ~- . 0 

8l1. 0 

~~he calculated amount of :Duorine in diets ~~, t o 5 uas estimate d 

hy assuming tha t the chemical analysis of the basal d i e t (Lot No . l) 

prepared f rom Timothy hay uas correc t and the fluo r ine content uas 

ac tua~- J_y ~-'.l: . p . p . r11. 



It , .Ji]_} 1x~ noted that therc is rcasonab!e agreement bet11een the 

calcu1ated :md the chem:tcally detcn.dncd fluorine l_cveJ.s c:;cept in the 

case ;,f diet l-1o. h \-.rl1erc a discrcpancy of ].i~ p . p .111 . exists. ~', ·:~· r tl1e 

purposc of pl0tting fluorine J.:weTs a::;ainst ameloblast and odontabl_ast 

heights only, diet No. 4 was assigncd a fluor i ne content of 60 p . p .m. 

since this uas l:he mean of the values obtained b y chenical ana l ysis and 

calculation (see Appendix Figurœ j to 9 ). 

Fec d consumption and weight gains. 

Tab 1_e No.2a g ives the average feed consurnption and \·Jeisht g a ins 

of the guinea pi::;s in each expcrim2ntaJ J.ot over the s :L-\Tccl.: :Eecding 

periocl . 

At the outsct it should be pointed out that the feed consunption 

and \·Jc ight gains o f the guinea pigs in L)ts 1-~ as com;Jarc d to tlwse 

of the ani mals in lots G and 7 \·Jc re potentially influe nced by tu;) 

distinct dietary factors as f o!lOlJS: 

(l) Lots l-5 \!Cl"C fed the basal diet to 1:-:hich fluorin e ~-Jas added in 

the fo rm 0f s odium f].uoride Hhi}_c lots 6 and 7 r ecc ivc cl diets in 

uhich the fluor ine content ~~as derived from the r>resencc in t[lc 

diet of fltwrine contaminatcd h ay (nature of fluorine com;1nund 

u·: ) Lots ]. - ) \}f.'r c fcd d ic:ts that coP..ta:i.ned nTimothy': ha;' \·!hi le 1.o t s 

fluorine ha z2r2 area . 



different for the:1e i:"\·70 group s and thc:;_·ef '.)re (}j ffcrences in Ee~d 

consumption é'.nô/~'r •·;ei.zht ~ains bet1:cen t~1e groups night have been 

caused by t h e opera tion o f either one nr both o f the s 2 f a ctors . 

Analy sis of variance of the feecl consumptio;:1 data (sec Tabl.e ?b) 

indicates that there is no si3nificant differences in f e ed consumption 

bet\·Jeen any o f the s even treatment lots. There Has a higher L~ed 

c ons umption b y the animal s in lots C and 7 that r e ceive d fluorine 

contar.linated ::r,,i~:ed" hay. Hm-1ever uhen the feed c:.msump tion of 

lots (Ï and 7 Has conpared s tatisi:ically Hith the f e ed c oasumption 

of lots l t o 5 the diffe r ence was not s i gnificant (sce ~able 2b) . 

Reference to Table ? a shows that the weight gains of the guinea 

pigs in lot l (bas al diet) were inferior to those observe d for any 

of the othe r treatment l o t s e~~cept those that r eceive d the hig~1es t 

lev~J. of adcled sodium fluoride (lot 5). He are not able to c~ ~plain 

the poor uci~ht gain perf ormance of the guinca pig s in this trcatment 

lot. r::: the poor performa nce of the guinea pigs that consu::nc d the 

basa l diet i s dis r egarde d f or t he moment there a ppear s to b e a 

pros r e ssive è c cl.ine in ~·J e. ight gains that accorapanies inc rencnts of 

sodium fluoride in the diet for lots 2-5 . Tha t this effec t tJas not 

s ole ly due to diffe r e nc es in fee d intak c \Jas s h own by a nalysis of 

covariance (see App endix Table l) and adj us tmcnt of '.ve i ght gains to 

av erage f eed intake (see Table 2a ). 

Ana l y sis o f v ariance of the we i gh t gain data ( sec Table 2 c ) 

s ilO\·Je d tha t t h cre ~·la s n o signif ican t d i fferences attribu tab ~. e t o the 



sevcn fluorine levc]s in the diet. Ho~1ever Hhcn the observcè \Jeigh t 

~ains of lots ( and 7 \·!ere compared s tntistically \Jith t h e 0bserved 

weight galn s o f lots 1-5 the difference was statistical~y highly 

s i gnificant (P= . Ol). Ilm·1ever, as previously point e d out, the effccts 

of "ldnd of ha~," ' and !r source of f lu:Jrine" \·Je re confounded in this 

trial so tha t it i s not poss ible to say \~tich factor predomina ted in 

producing the obscrvcd difference in weight ~ains. 



TABLE 2a. Average feed consumption and \·Jeight gains of guinea pigs on various 1evel s and sources 
of dietary fluorine over a six-week period. 

Lot No . p.p.m. Observed feed Mean of Observed 
No. anima1s F consumption F source \veight gain 

gm/pi::; ( li-2 days) groups gm/pig ( h::~ da ys) 

1 5 2 1 ~ 1900 11~2 

2 5 30 1820 166 

3 5 36 1800 1834 161 

lj. 5 66 1860 111 9 

5 5 86 1789 137 

6 5 60 191~5 18') 
1957 

7 5 7G 1970 l85 

1 Regression coe fficient = 0. 1042 

2 Neccssary difference bet\·leen these group means at P:::::, Ol is 13 r_-;rams. 

Hean of 
F source 
groups 

1512 

, P/::.2 - .•) 

-----
He i ght gains 1 Adjusted 
ad_justed to mean nf 
ave rage feed F source 
in talee group 
gm/pig(l:? d~ 

139 

171 

168 

150 

11!5 

177 

1(1!. 

l'"i'..: ..-/ 

, ""' •. ! _-

f\) 
(;\ 



TABLE 2b. Analysis of variance of feed consumption data . 

Source D/F Variance F Values 

Obs. ')C~ FI 
- J 

Total )l+ 

BetHe en '7 F leve1s 
,--

21! , 819 1 ;_2 .1!-6 
1 n 

Timothy hay + NaF VS. 

F contaminated mixed 
hay l l06 , 9llj 2 . 6i=) '~ - . 2 1 

Err or 27 l10, 781+ 

TABLE :?c. Analysis of variance of \7eight gain data. 

Source D/F Variance F Values 

Obs. r· cf 
J F~ 

Total 34 

BetHecn 7 F levels 6 1 81·1· J ""T 1· 1. 87 ~? . !).() 

Timoth:r hay + NaF vs. 
F contaminated mixed 
hay 1 e, 11~ 1 c. 1!-.21 7.68 

Err or I " '7 C •. 1 985 

Itegression 1 2 , 770 

Err or II 26 916 



Ante and Post llortcm Examination. 

During the c.arly part of the e~~perir~1ental feeding period the guinca 

pigs uere affected with cutaneous eruptions around the face and l e3s. 

There did not appear to be any relatinnship between the incidence of 

this dennatitis and the fluorine levc~ls in the diets. The skin 

condition responded modcrately well to local application of a 

quaternary ammonium solution. The incisor tecth of certain animals 

presented a chalky Hhite appearancc after scveral 1;-1eel~s on test. 

Broken incisors ~-1ere also observed. These tee th abnonnalities m:>.re 

considered to be possible fluorine effects but the incidence did not 

appear to coincide uith fluorine levels in the die t. Ho lesions 

attributable to fluorine ingestion Hcre found on g ross examination 

of the visce ral orsans. 

Histolo~;v and Ce ll Ne asurement s . 

The manèibles ~·1ere removed from the skull of each animal at the 

conclusions of the necropsy. After freeing them of adhcring soft 

tissue, the tHo rami \vere separated at the symphysis mandibulae and 

uere thcn transferred to 107; fonnalia. '!'he general procedure adop tcd 

at this lnboratory for bringing the jm·1s through decalcification, 

dehydration, clearing, infiltration, cmbeùding , scctioninz, , mounting 

and staining is described in the Appendix under the hcadin~ of 

Histo logical Technique . 

THo or three s lides , each carrying four mounted sec tians of ~- oHer 

ja~·.J uere prcpared f or each anir.~al. These uere then exami.ne d undcr 



the lou (;~ l OO) anc! high (;~ 300) pm:er objectivPs of the I!lic roscope 

and a single jmv section ~-1as selected as r epresentat i ve of the 

particular e~~perimental animal. This se lection ~-Jas nadc! on the basis 

of correctness of plane of sectioning, presence or absence of 

ameloblast a nd odontoblast cells, depth of s t.n.ining , etc. The 

thirty-five sections thus selected uere then studied more closely 

using the high power objective of a microscope fitted ~vith a 

calibrated ocular micrometer. Aneloblast and odontohlast ce ll heights 

appcared to vary in any given section depending on their location 

along the long a~:is of the incisor tooth. Figure 1 shoHs nicro­

photographs of one of the histological sections of a guinca pi g 

mandible and clearly illustrates this difference in ameloblast cell 

heights. In the case of the ameloblasts it uas considered that 

seven reasonably distinct areas of ccll heights \Jere cliscerniblc in 

me>st sections. A diagrammatic sketch of a t ypical "!.oHer incisor 

section showin~ thcse areas is presented in Appendix Figur e ? . 

Heasurements of typical ameloblast and the odontob lasts in direct 

apposition, Here therefore made in cach of thcse scven arcas. In 

many 1'ec tions i t Has not possible to ohtain measurcments a t: all of 

the arc.as . This Has due to the loss of certain cclls during the 

preparation of the slides. In the case of the odontoblasts it Has 

usually impossible to find cells in arca numbe :· 7, bccausc the 

odontoblast has lost its function and dis appearcd as a rccognizable 

entity at about the 1evel of the pro~dmal end of the pulp cavity. 

The data accuaulated from thesc measurements are sur:tmarized in 

Tables ) and l : .. 



FIG.l.-Microphotographs of a typical mandible section showing 
differences in ameloblast height along the long axis of 
the incisor . 

Histological section of a guinea pi g mandible (X8) 
showing severa l measurement areas. 

High pm-1er (X200) of are a No. 1 . High po~;ver (X200) of a rea No. 3. 
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High power~200) of area No.4. High pm•ler (X200) of a rea No. 5. 



TABLE ) . Average ameloblas t heights in relation t o diet and area examincd. 

A r ea Treatment l ots Ar e a 
measured aver age 

1 () 
C-. 3 4 5 6 7 

1 29 .6 () )-x- rf\ o(s ) :_l_,. . t. . '"'oi! () (3 ) ( _ ' . .._. 27 .11- (5 ) 1 ,0 ;:; (r; ) 
..1.. .. ) • ,/ (_ 29 . 3 ( )~ ) 25 . 5 (1: ) ?(; P( I)C.:: ) 

t- -- · '-) \. t:_/ 

2 32 . ) (11) )0 .8 (5 ) 35 .5 (J-1) 35 .5 (11) 2h .0 (3 ) 34 . 5( 11 ) ""' . ...- ("' ) " -/ . 0 ) ;;1 2 (0o ) 
~· . - - _/ 

3 1 11 ~ . 7 (5) 38 .8(5 ) 39 . 5(~ ) 1~4. 8 ( 1~ ) 50 .0 (2 ) 4o 7 ( r; ) 
.,..,.- • 1 ./ 

r-,~ 0(2 ) 
...,....~ . - · l+l~- . 9 ( 22 ) 

1,. 21. 1+ (5 ) 1(.0(3 ) 20 .0 (3 ) 19. 5(l+) 16 . ) (2 ) 21. 3 (5) 19 . 0 (1) 19.8 (?3 ) 

5 31.8 (11) 26.0(5) 2D . o (l+) 05 ( (<:ï ) '--· • u ,.,.. 23 .0 (5) 27 .2 (5 ) 23 .l: ( 5) 26.2 (33 ) 

6 20.3 (11- ) 2) .0 (5 ) 2lt. 0 ( 4 ) 2( '7 ( ~ ) . u . ! ../ 10 0(1' ) u . u , . 23 .0(5 ) 18 .2 (5) 21. 7(30 ) 

7 19-5 (1~ ) 23 .8 (1!- ) r; ] 7()) "-- - • :J + 21~. 7(3 ) 17. 3 (:3) 20 .2 (5 ) "0 f) ( ~ ) 
"- - ~- ) ?n o("8 ) ,_,\ ) • ./ L . \ 

Treatment 
average 29.lt(31) f)~l 7. ( 0() ) (_ 1 · ) f__._., 0'7 0 ( C:l{j ) r:. f • ./ 1- ... 29 .2 (28 ) 2) .0 (21) 00 ~ ( "3 ) ·-· ./ . _./ .,., 01• "(07 ) L. 1 • ../ L-

·ccFigures in bracl-:e t s r epresent the number of observations contributing t o the av e r age. Ha:dmum = 5. 

\._N 
1-' 



TABLE 1: .• Average odontoblast height in relation to diet and area examined. 

A rea Treatment lots Are a -
measured l ? 3 t~ 5 6 7 average 

1 ?i l. 0(5 )* 21L8(!:) ,..,7 r-:(J+) r_. · .) 26.8(5) :22.5(2) 23 .3 (ll ) ')(. 0 ('· ) c_ ' ··' . L.j- 2G . ~ ( 22> ) 

2 31.8 (1~) )0 .2(5) 2(' .8(1!) 33 .7(3) 33 .0(3 ) 30 .8(1! ) .,,~ ') (<';) 
./ .,./ • l - .,./ 31. ~ (28 ) 

3 30 .0(5) 30 . 0 (~) 26 .8 (1J. ) 31+. 7(3) lll+. 0(2) 39 .1!(5) 39.0(2 ) Y3. 7(25 ) 

4 32.3 (l~ ) 29 .0(3) 25 .3(3 ) 32. )(J~ ) 33 .0(2) 36 .~(5 ) 59.0(1) 7.7, 1 ~') ) ./ ./ • L . C.... 

5 ::;,o . 0(3) 27 .o(L.) "-· "' (~) c.) . r ? 28 .0(5) 32 .0 ( l:.) 31L8(5) lto .o(5) 31.5 (29 ) 

6 26.0(2) 24 .0 (2 ) 2G.O(l ) )0 .3(3) 28 .5(h ) 1~ 1.0(5) L0.5(5) o~3 o rr,,-, ) ./ • _, 1. L..(. 

'7 ~î6 . 0(1) 39 .0(1) 2G .O(l) )8 .5(2) ) 1:.0 (1) 36 .2(5) l} 7. 0(3) )8.1(11!.) 1 

Treatment 
average. ::'o .8(2l~) 0() ~('Y' ) c C: • ) L..:) 26 .11-(20 ) 31. 0(25 ) 32 .0(18) 35 .0(33 ) 32> .0(25 ) 

+:·Figures in bracl:cts represent the number of observations con tribu ting to the average. l-iaximum == 5. 

\.)-! 
:·) 
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Analysis of variance for odnntoblast heights as shown in Appendix 

Table 2 indicates that there is a high}_y significant difference bet~-.~een 

the fluorine treatment lots, P=. Ol. As we anticipated, there is also 

a highly significant difference betHccn areas Hhere measurements Here 

tal~en. There appears to be no interaction bet~Jeen areas and trcatment 

levels. Thus it would appear that the selection of a definite area 

for measurement 'vould have an important bearing on the establishment 

of a possible bioassay technique. 

EsscntiaHy the same finding applics to the ameloblasts. Analysis 

of variance for ameloblast height is presented in Appendix Table 3. 

From the observed F value for locations measured i t Hould appear that 

the site of measurement is even more critical for this cel1 type. 

Since bath these analysis reveal significant diffe r ences betwecn 

fluorine levels it was decided ta plot ameloblast and odontoblast 

heights against the fluorine leve1s in experimental diets 1 to 5. 

The fluorine in diets 6 and 7 v1as present as a c<mtaminant of the 

hay used in the diet preparation. For this reason the ccli height 

values obtaincd from animals on these diets are indicated separately 

on the graphs shm·m in Appendi): Figure ) ta 9 inclus ive. 

Results. 

It ~·:as considcrec1 des irable in the establishment of a bioassay 

to n~duce the histological t echnique involved ta as s imple a procedure 

as possible. Thus the ideal would be t o select only one cell t ype 

tha t could be cas ily measured severa: tin es in just one arca . The 



arca should be s uch that it cou!d h8 r eadily found on all secti ons 

and prcferah ly one tlw. t ~-;oulcl a l_l r.m :.;ow~ l a ti tude in sec tionin0 

technique. 

Uith these sever a! cvnsiderations in r.1ind it uas de citled that 

the ame lobla::; ts in area 5 approached the ideal m•Js t c!osc>.ly. :tefcrencc~ 

to Table 3 shm·.'s that 33 out of a pnssible 35 r.~casuremcnt s ~! cre obtained 

in this area . This uould indicate that the cc lls in t h is J.ocation are 

not so ofte n lost during preparation of the s lide . With the exception 

of the ceE h c ight value for the second dictary fluorine J.evcl (se c 

Appendix Fig. 7 ) an indication of a straight line r a lationshi!:J betuecn 

ccll h e ight and fluorine leve ! would appear to exi st in this case . A 

someuhat sinilar relationship is apparent for the ame loblasts and 

odontoblasts in area one ( sec Appendix Fig .)); hm·Jever, the e::aoination 

of this area d e:nands ver:,r careful prq>arat ion o f t~lC sec t ions espe cia lly 

in propc r <1J.i;;nment of the b~ oc!~ ~-JllCn cut t ing ribbon sec tions . 

Th e odon t ob las t s in arca 3 (ùppC>ndi:~ Ei.g. 5 ) and the ar.1c~. ol) l.Rs ts 

in ~.rea li- U'·rpendb: Fi g . 6 ) ï.li ght aJ. so h av e b cen con sidercc1 but for t h e 

fact t llat r eference to 'fables ~; and !~ shous that a n J.y ab ~)U t y ;',; (lf the 

poss ible c e lJ. measurer.1cnts \·Jer c ol)tai ·,1able in trwse ar e as . 'l'hus it 

would a?rca~ that cclls in the s e zon e s a r e eas ily ! ost clu~ing preparation 

of the s liclcs . 

Th e orig ina]_ rn·emise that fluor i n e might affe c t aneloblas t height 

in linear r clationship \·Jas partial ~.y b ·.)rnc out \vh e n mcasuremcnts H~~re 

maèe • r: 
1.11 arca. ) · 
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Si nee levels of fluorine in the dict ranging fror.: 2L: to [);) p. p .m. 

did not significantly affect fced consumption of youns grm·1ing guinea 

pigs over a si:~-•wek period, it Has concluded that this spccies uould 

be satisfactory as a test animal in dlich fluorine-containing forages 

might be assayecl. 

Statistical analysis o f the weight gain data obtained froo1 this 

trial did not warrant a definitc conclus ion in regard to the relative 

effects of f luorides from different sources. 



PHASE III. Fluorine Feeèing Trial vJith T\-70 Levels of Ascorbic Ac id 
in the Diets. 

Ascorbic acid deficicncy in the dict of young growing guinea pigs 

is knmm to cause a climunition in height of their inciser odontoblast 

cells. The results of ~1ase II indicated that fluorine excess had a 

similar effect when cell heights \lere measured in certain areas. It 

v1as therefore considered desirab18 to examine bath of these factors 

in the one experiment to sec if different levels of ascorbic acid might 

be a complicating factor in a potential fluorine bioassay bascd on the 

measurement of aueloblast or od0ntoblast cells . 

tnlile the results of Phase II made it apparent that ameloblast 

and odonotbJ.ast hei:;hts were affected in a sor.:teHhat linear fasllion 

by dietary fluorine increments it >·Jas by no means certain t hat the 

range in microns would prove to be of practical use in a bioassay 

procedure for forages. For this reason several other potentially 

useful criteria Here also e:::~amined in Phase III, inclucling the effec t 

of fluorine on fced consumption and body weight gains , digcstibility 

of nutrients and bone storage of fluorine . The f eca l m;:cret i on of 

dietary fluoridc Has also compared for guinea pigs receiving fluorine 

as NaF and in the form of fluorine-contaminated hay. 

Animals. 

Forty guinea pigs uere Heancd at three \·7eeks of ar,e and fecl in 

groups a basal cliet high in roughage, as ciescribed in Phase I. l'n1en 

each an iiDD.l had learned to eat the cliet and had r ea ched a \oJeight of 

250 grams (for females ), or ?75 grans (for males) it \·Jas allotted a t 
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randoD to one of tcn dictary treatments (:"_l females and ;:.: males per lot), 

as shaun in the follm-:ing allotment plan: 

Type of hay 

Hacdonald 

Col lege 

Hay 

Fluorine­
contaminated 
Hay 

Allotment Plan 

Diet Lcvel of 
No. NaF added 

to the die t'é 

1 nil 

0 
'--

3 

1 ~-

5 nil 

Daily dose of a scorbic acid-x-x::-

0.5 rng. 

lot 1 
pcns 1-4 

1ot 2 
pens 5-e 

lot 5 
pens 9-12 

lot )l 

pens 13-16 

lot 5 
pens 1_7- 20 

1.0 mg . 

lot G 
pens 21 -21~ 

lot 7 
pcns 2)- 28 

lot 8 
pcns 29-32 

lot 9 
pens 33-30 

lot 10 
pens 37-hO 

l<- NaF addcd in the form of a solution containing ~? . 2 mg . NaF per ml . 
tap uatcr. 

~= X = 80 m! . of this solution per 2660 grams diet (or 50 p . p .m. F). 

c\é-::--;;- Administcred orally as a 0 . 5~j solution of ascorbic acid in t ap 
,.wtcr in amounts of 0 . 1 ml. and 0 . 2 ml. r espe c tive l y . 



Lninals '\l(~re h oused individually in cages ~·Jith perforated floors. 

Feed and Hater 1wre provided ad libitun. 

ueekly and a record kept of live Height changes and feed consumption. 

At the time of 11eighing each aniual uas inspe cted and any ahaormalities 

no t ed on individual r ecord sheets. During the second weck of the test 

samples o f fcces \·:erc collected from cach lot for cletenuinatian of 

digestibility by the Index method, using chromic oxide as t:1.e indicator. 

At the l:cn aination of the feeding period the animals \Jerc k iUed \·J ith 

chloroform and examined pos t mortem. The }.ouer jm·:s \·Jere removed for 

histoloGical study a s described in Phase II. The femurs 1:er e a1so 

removed, cleaned of soft tissue and storcd pending analys i s of the ir 

fluorine content. 

Diets . 

Five t est die ts were fed that h ad the following genera l mi xing 

formu la . 

General mixing formu la for test die t s . 

Ing r edi ent 

Uay (::;rc)und ) 
Vitamin-J:.l-Lne r al Nix No . 309 
Grain Hi~: ~~o . 2 

i-!olnsses 

Vitanin-Eine.ral ~·lb No . 30C) 

Dry D (750 , 000 I.U. /lb .) 
Dry A ( ::.o , OOO US P Units /zm.) 
Dry~ ( 20 ,000 I.U. /lb.) 
Crni) ~: 

SaJ.t­
Dyaa(os 
Corns tarch 

• '\mount 

(~ ) 

90 
:~~)0 

_ J. )O 
2660 100 . 0 

Oat g roats 
Œ1ea t 
Soybean üC.r,Jea L 
Sldrmni ll~ pmJder 
Fishmeal 
Drie.d Breuers ' yeas t 
Vi t -l·1in. Hi x Ho. 309 

( ~, ) 

10 .5 
}t ~ .. ,,. .. : 



Diet ~-. i1acd::mnTd Collegc hay uas useù in this ciict aftcr :Lt had bcen 
zr:)lmd to a coarse poudcr. The dry ingredients \-n~rC' ueighcd 
ë.nd t lwn mb:::~d in a Hobart mi::cr. A Titre of h•)t ';;ater HélS 

then r.1i::;~Ù \-?ith the 1:10 grams nf molasses and the HhoJ.e acldcd 
t :) th2 dr::' ingredients and thoroughly rni:wd. The mi::lurc' \-:as 
thcn pellctcd and ùried. 

Diet ~ . This diet uas prcpa~cd exact l y as described for diet 1, with 
the c:<;cC~)tion that Co ml. of KaF solution ( :::· . ;: g ;:ams NaF per 
litre of tnp watcr) rcplaced an equal quantity of the h~t 
':Jatcr . 

Dict :; . _ ___...._ i.s for di et 0 
' -' but lGO lill. l-~aF solution uas us ed . 

Di et ' for di et ,- . but :~:=:o nl. r:aF so]~ution ll SCÙ. .:{ .. hS , : , J ~Jas 

DiC!t '). ù.s for dict 1, but using hay fr .:lm a f:.uorinc-haz2.rd arc2. 
ins~cad of Hacdona1_d CoEege hay . 

As co-r-bic ~·"cid. 

:~ach guin2a pig \·lRS dGsL'd dail~:' ···Jith an aqueous s ·:Jlution of ascnrbic 

ac id. The a s corbic ac id solution was preparcd daily b y dissolving 

50 raiJ l i gra.rl1s of ascorbic acid in 10 Ll~-. of tap \·Jater. l\.niraaJ.s in 

lots 1 -5 ·.: ~re= r:;i'Jen ') .l m1 . • o:[ tlli.s solution per day uhicl1 [;~Ve them 

a dictary su~plcnent of 0 . 5 mg. of ascorbic acid daily. L0ts 5-10 

o;-J c r e g iven 0 . 2 m~. of the s olution c:aily >:vhich ::;ave this gnmp a da i~-Y 

ascorbic a c id suJple~ent of 1 . 0 rug. Bath groups vere g ivcn a ~uuble 

dos e nn Saturday and none on Sunday. 

Flu·::>rinc 1.evc1s ü1. ùiet and feces. 

Chcaica 1_ dcterr.lina tions of the amount of f luorine present in the 

diets fllci, and in the fecc s co!.lcct-2cl tluring the second ·,J (-~c !: <Y:.1 tes t, 

\!cre c-md-:.1cted by analysts at the i'.J.u::1inun Lahorat ~Jrics Li":"aitcd, 

Arvida , P.Ç. , u sin g a method proposcrl by Harvey an~ Puxley 



Unfortunatcl_:r thcro. uns an insufficie~t amount of fccc s co::..J.ectccl to 

(.' n.::tbJ.e nna~_ysis J[ each experimental lot. It uas thc.rc.fore d~cided 

to poo! the feces of the two ascorbic ncid lcvels as far as .c, . .._ ... uc.>rl.ne 

de t enrrina t Ül!1 \.'élS concerned. 

FJ.uDrine ~evels in the diets and in the f eces vo i ded by aninals 

on these diets are shmm in Table 5 alon::; '\:ith the calculated a;-u::>unt 

of fluorine in diets 2 to 5. 

Di et 

l 

0 

3 

1! 

5 

TABLE 5. Fluorine leve ls in the aü- dried diets and f eces 
of guinea pigs. 

Animal 
Lo t No 's. 

1 and 6 

" and 7 <.:.. 

-.:; and () 

..-' 
(.· 

~- and () 
./ 

5 and 10 

p.p.m. F in diets by 
chemical analysis 

19 

1~0 

70 

130 

112 

Calculatcd 
p.p.rn. F in 
diets 

'+9 

7C 
1 ...-

139 

p .p.1n. F 
in f cces 

10 

n 

31 

35 

0<; 

It \: i ll be noted that a3ain therc is r casonable agreement bct\~een 

the calculated levels of fluorine in the die t and the lcvel detennined 

chemically. The calculated values are all highe r by a constant amount, 

i.e. 9 p . p . rn . This might be explaine d if one makes the assumption that 

the l cve l in the basal diet \-Jas actua lly lm-ler than that r e rorted. 

Difficul t~r in o'otaining tru ly representative samples f rom a ba teh of 

mixed feed n ay 2ccount for the d:L s c repancy . 



Ante Nortem <1J1d Post J.l1ortem E:~ar.1inationr!.. 

l'.nte Hortem Inspections. 

At \-leekly inspection of animals ti1e occurrence of chalky \vhite 

and broken incisors '.vas noted tmvard the end of the feedinr, period. 

This lesion did not appear to be confined to the individuals in any 

partic.ular group but Has observed more frequently in the higher 

fluorine dietary lots. 

Most animals in the highest dietary fluorine lots, i.e. die t 

lots 1: and 5, had lost ueight during the last Heek on test uhic.h v1as 

taken to indicate that the cumulative effect of high fluorine intake 

had begun to exert a deleterious effect on general me tabolism. 

Post Hortem Observations. 

Necropsy did not reveal any specifie gross lesions attributable 

to diet treatments . 

Feed Consumption and Heip;ht Gains. 

The tota l feed consumption over the six-\veek period for each 

animal in the trial is shown in Table Ga Hith analysis of variance 

of this dD.ta prese nted in 'l'able 0b. Fluorine l eve l s in the diet hnd 

a highly significant (P=. Ol) effect on feed consumption as did also 

the sc:~ of the experimental animal. The analysis a lso r cveals a 

significant (P= .05 ) interaction betweeu fluorine ingestion and sex 

on feed c~msump tion. This interaction is illustrated gr aphically in 

Fi~ . 2 , and r eveals that the ma les inc r eas ed their fce d intakc with 

)~ 1 

increas ing f luoride intake up to about 70 p.p.m. in the diet . Fema l cs, 

on t he other hand, ha d dimi nishing fecd i n takes Hi th each i ncremen t 

of fluorine in the diet from '20 p.p.m. to no p.p.m. 
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TABLS 6a. Total feed consumption of guinea pigs in grrnns for a six-week 
fceding period. 

Diet Lot No . 

'Sex :Ascorbic 
'acid 

0.5 

l.O 

2_ub-totals 

0.5 
' ·, F 

[Sub-totals 

:rotals 

p.p.m. 

1 

8 

19 

1)86 
lli-~)5 

1393 
1343 

5'51:-7 

1570 
llt-20 

1~-0! 
1~69 

52.?3 

11 'J70 

2 3 

8 8 ~ 8 . - _______________ __;;..__ ____ __;;;_ 

4o 70 130 1J.2 

11~os 1615 1185 1537 
13['.0 1538 l)lW 1300 

1 6~?5 1503 1 ·~") (_)r) ..._: ____ /c__ 1320 
1")1:1 1881 12P2 11~20 

59 '51~ 6537 520G ')647 

1359 ll!OE'> 1196 1)0~2 

119G 12 ~)6 1 1 r\ 7: 
.L --. c:.. ,..) 13')9 

] )11~ 1173 J1.,o;~ 
lJ 71 ____ 11.~29 

)l[lj.lj. '5)60 l1GG;; '/322 

11298 1180'7 CJ8h9 11179 

~ Not included in analysis of variance s ince F present in diet as 
contaminated hay. 



Ti\BLE Cb. Analysis of variance (Jf total feed consur.1ption. 

D/F Ne an square F Value ----Source 
variance 

Obs. "'~ ] cl 
--=.12 

Total 31 

Fluorine levels** 3 96,157 e.so 3 . 21~ c:: " ' J ,) . -:'"~. ':;. 

Ascorbic acicl l '2? J 261 ~~ .03 !! .. l:-9 8 .53 

SeJ~es ·i:- -x· l 119, 31G 10 .93 1: . !!·9 3 . )3 

7; 1S, 753 1.5::_ï 3 . 21~ 5-29 ..; 

F ~( Sex->:- 3 1.:.4 J ~~1+7 J.~ . 0~) 3. ;,.?1.: 5.29 

AA >< Sex l 8, 977 <. l 

F >< AA ~~ Sex 3 3,279 <. l 

Err or 16 10,920 

* Significant (P=.05 ) 

** Highly significant (P~ . o l) 



FIG.2. The interaction of fluorine and sex on feed consumption of 
Guinea Pigs. 
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The total_ Height 3ain achievcc! by cach animal i s shoHn in 'l'able 7a, 

~vith the nnalysis of variance for this data prcsented in Table ('b. As 

Hould be anticipated from the feed cm1sm.1pt ion analysis, fluorine levcls 

in the diet had a hi2;hly significant effcc t on the animals' total weight 

gain (P,. Ol). Although the cffect c>f sc:-~ ~-Jas not significant accorèinz 

to this analysis, \·.'hcn the Height gains of males and fcmales a!.·e plotted 

separately against fluorine in the diet, therc is again a trend toward 

the males being able to tolerate highcr lcvels of fJ.uorine ( sce Fig. ] ). 
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TABLE 7a . Total ~-Jeight gains of gu inca pig ~3 in grm:~s for six-uccl: 
fecd ing pcriod. 

~ Di et Lot No. 1 2 ) )_:- y:-

AnimalsL)ot 8 0 
(_) 8 0 

(' 8 

F p.p.m. 1() 
/ 

l!O 70 1)0 112 
Sex As corbie 

ac id 

1 
3() 13'-~ ) 6 1 O.) 1?1 137 ! J ry') 1 ï rr 166 hrj ll) 

1 

-"'" --1 ~)"-· 

H 
1.0 

1 
1;22 195 159 - :20 95 

) 1 12-:::i 1')2 ?07 ('\") 161 ;<-

Sub-total s ll.S8 500 Gi)6 180 508 
1 
1 

0 .5 
1 

127 97 l ?h 71 eo 
1~- 1 11+3 182 01 13G / ~ 

F 
l. O } J.~7 160 106 /'/' 

t!O 95 
170 176 1')0 21~ 11~5 

l:totals ')9h 5Til s61~- __220 1}56 .. 

ls 1082 1076 1230 43? n()l1. 

*Not inc1ude d in analysis of variance since F present in di et as 
contar.1inated hay . 



T~·:..BLr~ ~ b. •\nalysis of variance of total ue i::;ht ;:;nins . 

Source D/F Variance F Value 
~--· -----

Obs. c;r: l c' •J -----

Total 31 

Fluorine l eve ls ·~~·~ :- 3 15' 8~.() 11; . • }_~-~~ j . :)1(. h f"J (l .) ·----

As corbie a cid 1 :? , OJ;.f1 1.80 }! , , () (") r.~ 
- ,- • r _/ ~:·. )) 

Sexes l 72~~ < 1 

F ·,~ AA 3 3, 3':'6 ~5 . 0'{ -_- r) ), :J • , .. ;- 5.29 

r -' ( ' 3 l, 11 8 1. o:,.) ::} • :~::'.! · ') . 29 ,· , ù 

AA ,, ,·, s 1 
.L 1,20 1 1.09 l! .J:-J 8 .53 

F " _., f.A " s 3 0,r;)c 
l .· ,.' • < 1_ 

Error 16 I , 0~.'8 

** Highly s ignificant (P=.Ol) 



FIG.3. The effect of dietary fluorine on total weight gains of male and 
female GuJnea Pigs. 

700 

6oo ........ 
......_ 

' (/) \ 
..:.:: \ é Lot 5 
G) 

\ G) 

~ 500 \ 

x 
..-1 
(/) 

~ ~ Lot c:; ..-1 -' 
(/) 

i 400 $.1 
co 
~ 

..-1 

~ 
..-1 
fiJ 
!JO 

'""' IV 300 .&-1 
0 

E-1 \ 
\ 

'· females 

200 

males 

20 4o 60 80 lOO 120 lOO 
ppm F in diet 

• n 
1:-: .. ) 



Coe fficients of ili3cs t ibi~itv . 

Tab]e i' surmnarizes th:.! percent clizcstibiUt:;' of the [ive 

expcrirlenta~. diets and thcir fluorine C·:mtentJ 

TABLE O. Fluorine content and diges tibi!ity of diets . 

Diet Pcrc t:'nt Di!;cs t ibi ~ i t '· 
~lo. F Dry Cru de 'Sthe r r~ .F .E Cru de Calories 

matter protein extrac.t fib er 

l !.a 03 '( G) .l! 5'!-. ~) ~-~n. 1 lrl:- .3 _, 1 lC\ 
....... ~-· 

~)0 :";() .[ ,~.-, .8 5P~ . ~~ 
,,,. ..... :: J!.n.s ,, 

' 
(;:._ 1 )•.('1 

1,~ ( O. ; 87. 5 5 )1. ) :~0 . ]_!_:;; .( •:· ( i . -· '_;,l 70 

<=;' ) () { . l :) f:J: ' • f"n r 1 ( 7 ! t'7 0 
,/' ' ./ \ _ _:-,.) . \ _) ' l e ', .J 

1, .,. J.::.n 

51 
,, 

('\ P) :-. 2 5s~~ . ~,. n 0 1 ~ 7. h {_,_;_ 
• <.1 -· . u 1 }.;; 

It 
. , , 

~n.: ~ be note e! dwt the cl1cr~1iccJ. value s in rfnh~_c r. dis ;..· ~gard 

the t~·Jù as corbie 'lciù levc 1.s l.' !1is \-J[l S ne cess ary bccnuse of t~lC 

difficutty el:pc ricnced in obtainin3 sufficient f eces for ~nalysis from 

On!y the di[';cstion of crude fiber appear s to be ccrrela t ed with 

the f~uorine content 2f the rliet 



FIG ,,;; <- Relationship between fluorine in the diet and digestibility 

of crude fiber 
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\·Jere su1naJ.ttcc: to th~ Al_,_mlinur:t LaburatGrics, t.rvf.cla, P.G. f en· f 1.uorinc 

ana!:;sis. T(te f-Ju r fet"!lurs f r or.1 each lot ~-Jere gr•.)Ui1Ù1 asi1ec1 c.nd pocled 

as on2 sampl.e for the purpose of analy~;is . 

tltis de. t[l . 

:.eveJ. it1 the èict lwcl a highJ.y si:;nificant efL2ct on flu ·.lr:Lnc ~.;to;:-agc in 

to givc a battcr cstimate of the f~uo~ ida storagc in the h~ncs at c acl1 

èietar;' level . Fig. 5 i! l ustrates the 1.·clatioiî.ship 

of dictar; f'u~rine t~ bone s~~ragc of f~uorinc . The ave r nsc f l uorine 

It ~i~ ~ be n~te~ that this vDlue fa ~:s ~ithin 

c<'.).cul_atcd from the observ2d data. 



i ~c. icJ 
1 

F p .p.n . 

~---·---~-------

1 0 . :~~ r.1~ / ,:t::.:r 

Il -') ~,-,./r1::l'.' t' i ~ -. l.4ù/ -. .r: .. ~, ,_______ --

1To t a1_s 
_______ ___ ___j__ __ _____ _ 

Source 

rJ.'otal 7 

Error 

1 ,, 

Varianc2 

7) (,~):.) 1:·53 

70 

------------
F \ ;rc:.lue ------·-----------

Ob S "'--- ---"'r2_ _ _ __;1;;.;. (.:..~--

"01 rr rh 
L ' ) 1 1 ·, 

0 n 0 
j . ~::. :._; 

,:. ~:ut incluc1. ec~ in ;;:nalysis - F presen t as c on tarünatcd hay 

~* ITish ly s i snif i can t P= . Ol . 



FIG.5.- Fluorine in Guinea Pig Femur Ash in Relation to Fluorine 
in the Diet 
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Cel}_ 1-Ic.a:::urei·.lents. -- -------------

nis to Jo~~ica1 sections ~·~erc prepare d a.n<~ c'~a~.ri.necl in t~iC manner 

previously clcscribed in Phase II. In the c<-~se 0f the m,le1 ob~a.sts, 

the heights of the three highest ce~. ls uere meas ured in th:~ arca 

previously de signated as a rea No. 5 for each incisor section. ·~le 

numeric2.l valués ~Jere thcn averaged and converted to r;1icrorw éoS the 

best estin<ate of the ameloblast height for that particul<:~.r sectLm. 

l'able ~l'o.lOa presents the data accur.rul a ted frmn the se n:easure:nents 

with the analys is of variance of these data presented in Table l Ob. 

Fluorine levels in the è.iet had a highly sisnificant effect on 

amcloblas t heights thus confirming the r esults obtained in I:Jhas ~ II. 

Although a s c orbic 2-cid levcls produced no sisnificant e ffect on 

amelnhlast heights under the conditions of this expfc>rime ntJ it Hill 

b e. noted that thcre is a barely significant effect on ce:!.1.. hei~~hts 

a ttributable to the interaction of fluorine a nd a scorbic acid lcvels 

in the diet. 

Fi3ure G depic ts graphically the e ffect of ascorbic acid and 

flu orine l eve l s in the die t on amcloblast h e i s hts. ';:xar,lination of 

this g raph \/Otd. d suggest that increased ascorbic ac id in the diet 

tendecl to enhance the effe ct of flurnine when the eleBent '\Jas present 

in the diet at leve.ls above approximatc ly 80 p.p.m. ~teferenc2 t o 

the data on body Height gains as presente d in Tab l e No. 7a would s ugges t 

that s ome of the a nimals on die t lot l1. m~;_·e s u f fering fro;·11 seve r e 

fluorine toxicosis by t h e end of the f eeding pe riod. 



TABL;; 1.Ja. i\neloblas~: h e ights of ma2_c and f ema J.e guLE~a :~i~s fccl 
0rac1ecl amounts of fluorine at tuo ascorbic ac id l_cvels. 

~~ Dict J.o t Ho . ) ~ s-':-

A . , /' ~~~~a __ s lOt~-------~------~---------~------~~--------~~-- _____ __ 0 n 
u C: 

""' F p.p.r.~. 
Se;~ 

n r; 

~ngfd~y 
1 F 

! ____ L _ _._ _____ o<...c-__ ---'--'----

' 1 

!Sub-tota:!_s 
; 

t j 
,. 
1"1 

[mg/day F 

l ]O 

--------------------
21 

_____ _;;6 _ _____ ::::J_: -------

c l:- ()) 
~------~~-------

, ..--, 
l.c ~)~ 

?}_ ~ ' ': 

1 r• 
-- ( ~::::5 

: 1~0-
1--- -----~----------~~------4~-------·~--------~------~~--------

lP.. 2::j 

! 
!Sub-tota1s 

i 
iTotaJ 

l 
!Average 
~meloblast he i~hts 
j _____ _ 

~,... 

~ .c) 

1_(:_-:: 

~'(_) 

10; ' 

l C.~-=-) 

2 21! . 1 

*Not included in analysis of variance since fluorine in diet was present 
as contar.1in« t e cl hay. 



'TABV~ lOb. Lna 1 ys is of variance of ane lob las t hcd-t:;h ts. 

Source D/F 

Total 31 

Fluorine levcls** 

Ascorbic ncid 1 

Sexes 1 

3 

AA >~ Se:: 1 

Err or 16 

~ Significant P = .05 

Variance 

115 

,,., 
J..U 

5 

1 

() 

r, 
.:.: 

G.t3l 

" , .:·~ • r ) 

.(1 

3 -3~? 

< 1 

<1 

F Value :.::::.;::;.._ ___ _ 

------------



FIG.6. The effect of fluorine and ascorbic acid in the diet on the 
height of Guinea Pig incisor ameloblasts 
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ln t~is connc ction it is intcrestin~ t o n n tc tha t the ani~al 

h ay é'l.rc s hmm separate l y in Fig.,~ . I t \Jill be n o t 8d t:hn t the ir ar,1elo -

blast h e ight.s f:all a b ove the "Lines fo] }m·Jed hy the S <)c~ iun fl_uor i dc -

trcatcd animais for hoth dietary lev~ls of a s corbic aci~ . 

ré'I:te :n(~th0d ;)f r.ï2asurcnent of t:llC odontob J.as t cel1s diffe r ee! fr <)ill 

t hn t us ecl in the previous t=ial. In this ex perimcnt the three highest 

c e lls seep in the sect i on ~·JC~re neasurcd and ti.1e avc.ra~;e of the nurner i c a] 

valuüs t a l:c!n as the bcst estimé.1tc of t~10. ma;:imum odontob J.a~:t hei:;ht 

for that particular animal. 'i'his r.1etlwd conf orus mot·c c !. o.s(:1_y t ù that 

employe d b y othcr u~ 1rl:ers in th i.s laborat.)ry in the b i oas ::W.'' for 

vitar.lin C. !.'able No . lla sh ·)HS the da ta accurnulate d from t~1es e 

measurc:r.1ent s . •\nalys is of varianc8 o f these data i s presented in 

'~ahJe :qb . 

The efiect of fl u orine on odontob~ast h eights eas hi3h ly 

significa~t statistical i y . Scx also excrted a s tatist ical l~ s i s nificant 

cfcect on t;w ~1eights of t h e s e ccl_ls u ncl e r t h Q condi thms of this trial . 

Fig . 7 der i cts ~raphically the effcc t o f fl u orin e in the dict on the 

trea tme n t lots that r eceived f lu0rine in t h e forra o f con taminated hay 

arc indic~t c~d se:)arately on the [;r a ph . It Hill b e notr~d th<ü ;:~ll~ ir 

odontoblast cell hcights a l so fall a bove the ~ inc f ol lowed 

s o dium fl uoride t rea ted a u in4ls . 



~l:ABJ. :~ 1 l a. Odontob Iast h e i ght s of ma le and feP1a lc guin ea p i g:. fcd 
gra d e d a rnounts of flu orine at two a s c orb i c a cirl Icvels . 

-------
Di e t Lot l~o . 1 ~-~ -::; .1 ~- "ï-::-_. 

Ani mals/lot 8 " c 8 Il 
<) G 

As c orbie ~" p . p .m. l ') J+o ~,o 1)0 ll ~! ~ 

a cid - ----- ------
1 

0.5 j 35 ),_3 y; r}r::.: )C.i 
1 

. ..... . 1 

' r:' o- /da' ' ' I:-5 -::: ( \ ~s ')7 )h . ·Lu J _.} ./ --

.l:l 

1 1.0 "7\r.:; Y' 30 :~h 7 ;7 

;m..,. 1 day 
~ -" / ' 
] 11- ) ~) ". l -;; -·.) 5) ! 0 / 

, / _.! • -

i 

:s ub- totals l l' n .I.;L ]. t:\7 1 ru· 
~ - - ·- ') 108 l~C 

O.) l:.J.: l~) ~)0 0 '7 3~5 ' . r 

'mg/day 1:) 7:; ~l y~ 3 r( -- J. 
..,-' ~-· 

:) ~-.-

F 
1 (\ )1~ ., ' 

- 1 37 ':1 )· , 
, .L 

m.n- / da' ' 3!3 Ir-1 :;C ·-· ,.,.,. )9 ü . J } '·-' 

Sub - totals 16(1 1 (.~--~ Jl: 1 1)1 1 1 ~-" 

Tc t al 3W -;~ l \.") - - - - --
0 ,r _r 
t...::t.P,.) ~~29 

1'\ f) ,::-{ __ , __ l ) 

-x- No t inc !.udccl in a n a l y sis of V[).ri ancc s ince f luorine i n the die t ~-:as 

p r c :>ent as contanina t cd hay. 



Analysis of variance of odontoblas t h c i z htH. 

--------------------·--------------------------------------
Source D/F Vé!riance F Value 

Obs. r-:rl 
) j J __ __lf__ 

Total 31 

Fluorine ~ . evels·:H<- ' 1 __. 196 . 6G 9.68 7 0)1 _) . c. ' ) . 29 

As corbic ac icl 1 ln . 2 . 0? L: . ! ~9 3.53 

1 128 . h . )O ~- .l:') 8 ~7, 
• _.!_./ 

F >~ AA 3 51. 2 . ) J. ) • 21~- ) . 29 

F ;< Sex 3 7.66 4( l 

1 0 L:. 1 

-::; 
./ 14 -33 < 1 

Err or l i) ~~'.0 . 3l 

* Significant P = .05 

':··)é :-Iighly sir:;nificant P= . 01 



FIG .7. -The effeet of fluorine in the diet on the height of the 
incisor odontoblasts of male and fem&le Guinea Pigs. 
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~tESULTS AND INTEGR.ATING DISCUSSICt\. -----

Fee~ Consun;ption and Body Hei<>ht Change s. 

In the first fluorine f ccding trial ( Phase II) feed consumption 

and u e i;;ht gains ~Jere not affected significantly by the leveJ.s of 

fluorine in the diet. The range of fluorine in tl1.ese diets ~ms from 

;;~1~- to 86 p.p.m. In the second fluorine fecding trial (Phase III) 

a range of f l uorine content in the diets of from 19 t o ljO p.p.D. 

produced s tatistica1ly significant differences in f eed intake a nd 

resvlting wcight gains. 

Many worker s in the field of tox i cology pre f e r to c~prcss the 

tmdcity of cumuJ.at i v e poisons on the basis of mi :!.ligr ams intal~.c pe r 

kilozrar,1 body r,Jcight per day. 11tesc values uerc calcuJ.ated for the 

guinea pig s in Phase III. The mean ue i ght achiev e d du r inc th~ 

si:~ -,·Jce~(. pe riod and t l1e av e r age fce d c ons ur.tption per èay 't·}e r c c omputed 

for each anima!_ on t e st. Expressed in t enns o f milli~rams pcr kilogram 

body ueight per day and as millisrams p e r unit me tabolic s ize pe r day 

the flu orj_ne intakcs of guinca pigs un die t s l t o ) ar c sh mm in 

Table J.? . 



TABU\ 1? . Fluorine intnl~es of guinea pigs on diets var y ing in fluorine cont ent . 

Dict Lot No . p.p.m. F in dict 

19 

2 J:o 

3 70 

1: 130 

~) ll~l 

-1:- Unit metabolic sizc 

11::;. F /kg . B .H. /day 
Males Fernalcs 

1 ~ 
~ . 1 

:~ . 6 

6.3 

10 .9 

10 . 0 

1 () . -" 

j . (j 

6.3 

11. 0 

10 .7 

. 75 * MD .F/ (H '· ) ner dav 
0 ~ • J 

~aalcs and fcna les ) 

1 . 1: 

2.8 

") 1 
/ • J~ 

r, -
() . ) 

8.0 

t""\'\, 

\ J 1 



0 ! 

It is :i.nte resting to note that the actual intal:c of .éJ.uorine pcr 

unit body Height is essentially the same for nales and fcï.W .. les in 

diet lets l to 4. This Hould suggest that Hhere sex differences have 

occurrnd in this trial they are true e[fccts and not mcrely due to the 

possibility :)f on'::! sex rcceiving a more tox ic dose of fluorine duc to 

smaller s:tze or greater feed intakc ?Cr unit size. 

Dc.pression of \·leight gains in young gnming guinea pigs might 

have been considerccl a s the criterion cor a fluorine hioassay. Hm·Jcver 

r e ference to Fig . ) i!Ould indicatc that \:eight gains are not affec tcd 

mar~edly on diets containing less than 70 p.p.~. fluorine. 

The ori~inaJ. purpose of tlw cleve lopment of a bioas say fur fluorine 

was t o detcct r e as onably small difference s in fluorine content of 

contaminatcd forages. It \·:ould be clesiï:ab1. e to b,~ able to cli[ferentiate 

b e tueen J.evels of 10 ;).p.m. over a rang e of forages bearinro; fr-:m1 10 

to 1_()0 p.p. r.1 . f!uorinc for c:~amp1e. Sinc e b ody Hcights do not appcar 

t o be afi: e ct c- d until a lcvel of SOT!1euh2re around 70 p.p.m. is r e ache d 

it \Jould not b e fe <).s ible to estabJ..ish a èos a ge responce curve bascd 

on this criterion. 

The r>bs e rvc.d cl c~prcssion of crude fiber digc sti:m tlw.t c.ccnmpanic.d 

incrc.asing f!u~ride content in the diet was interc sting. Dc cnuse of 

t he small imnbc r of observations n~!dc in this e:-:pc ri.mentnl series no 

definite conclus ions could be established. ~ possible expl 2.n a ti0n 

r.1i~ht be th2.t fluorine e;:crts a deprc s cant c.ffect on the uicr :> :l:lora 

in th·~ cJ.eClŒ :) f the. anima]. thus inhi.bitins the brca::cl•:n;-m oc ce.J. l uJ..ose. 



tll::!t 

fr r_)r.J c.onto.min;Ji~co( hay) if; a 1 mosi: ùnub'-~ tllat ::>rcsent in the [cces of 

F 1.uorinc Storar,e in Donc. 

~ 1 
·. ' an<> 

cf bone 

( r.: l'-''·- i c1 ; rr ::::-,) 
..... '" .&. ""'" Ll • •. ' • 



doubtfu ~ i f a s~rcad i s suffic i cnt for 

pr2.ctica~ nca~;urcracnts to be r.w.de. Th~ intci.<1ction nf a:;cc)rbic c.cid 

atld fJ.u0rin~ ]..c,T:..~J. s on ar:lclob:'_nst l1ci~l1 ·~s (sec. ~ah!.e :!o . ~.Ch ) is 

acid alonc a?~arcutly had no cffcct on the hcis ht of thcse c ~ lls. 

the s c.r::c :J!J j cctiqn c a n be rais cd a g a ir:.s::: o dontob l ast s ns <'- hioa s say 

c1.·itcrion -:Jf f:!.uorin•~ inta!~e as H.:lS scntionecl for am2}.ohJ.asts . 

That i s , the d e)~cssion in ce!~ heigh t s i s on~y ahout 8 Dicr0ns over 



~?c~1:s . ':t'~w ::; this species mi~~ht be a satisfac tory test e.n:i.ma l for 

a bioas sD:~r of f~u'1rine in [orazc. crops . 

,~l'""? 
: ' i 

2 . !?~uori.11c in tl1e diet of young guinc.ti pigs derressec~. fP-c.d c onsurJpt:ion 

70 p . ;).Ll. This levcl rcpresentccl an average int.2l:e of t..lpprn~:imateJ y 

6. 5 1:1g. p0r l:g . body ucight per day elu ring the s.i~: -uecl: fecdin.z 

p2d.•Jd . In terrns of mct~b~lic s i zc) 70 ~ . p .m . in tllC (~j_ct r csu 1.ted 

,_:n -"n -:n·L'· .-=ll: c'. O.c.L. _r:_J ,1 .,.....,.,.!unit --,c~ ... ~~ o, ·i c c-i "'ef,~_, . , ..__ ..._ --~ ~ _ "''o/ _ L. Lc~ u ___ . ~..~ - - "-' · 
1 
uc.~.) • 

3 . The diges t:=.on o f crucle fi ber \Ja1: c:c.prc.ssed by i nc-.::easing increment~; 

o:!: f l u0rine in the diet := r :)n a h ~-sh of 28 .l ;)cr eent f -~r the basa] 

clict that containcd 19 p . p .r.1. fJ.u o:cinc to a ~. ou ~f 19 . 7 pe:cccnt for 

the dict that containe d 150 p.p.m. fluorine . I t is thcorizc d 

tb.a t this depr ession :Ln crude f:i.bcr d :i_gest i on ;n~.y be due to 

inhiè i tion b :;r fl uorine of the cae c&:!. r.1icrof lora i n t lüs spccics . 

1 ~ . The storagc of fluorine in the bone was increased in linear 

re 1_at i~ns~lip to tl1c logarifhm of the f luorin e c ontent o:E t h e diet . 

This c~itcrian appeared ta b e the best of the s evcral cons i~ered 

as far a s rcflec tion of fluGrine intal~e ~-ms concerned . 



t~is :~e~.:'.rd hcn-:cver there cli.d n:)t .:: ~)pear to be a suf':Eici2ntly 

~rc~ç:t !?.nou~h chan~e in heir;ht per unit fluorine inc'!:"cr.1'2nt to 

'\!a!:'rant consi.dera~ion o[ this ?hcnoncno:u a s a bioo.ssay c r itcrion 

for f~unrine-containing f0ragc craps. 

so f ar a ·s f:ccd c onsumption and \cei 2;ht gain.s '1.-Je re conccrncd . In 

this regé!.rd r.mJ.e guinea pigs a~pea:ced to uithstanc! highcr è.ictary 

intal:es of fluorine than did fcma].e s . This unuld suz~:;es t that 

se~~ s l10u :_cl be considercd in fJ.uorinc fccèing e:qerimc~ts uherc 

guinea ~igs nre the test anLnal. 
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ÂPPENDIX FIG. 1. Cumulative week1y weight gains on diets of varying 
hay content. 
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HI:l'i'GLCCIC."..L ·~::..::CIE.UCU:~. 

Fi~w ti ,_m. -----
Aft~:r c .. Ininimu1" of l;.P, twurs in lU~~ f0:r-mé'lin the tissues >·lere 
rinscè i:1 >:wter and transferred to Go,;:, alcolwl if prolvn~~cd 
[>tora:;c ~;as anticip<ltec!. 

Decalcification. ----
( ~-) 'i'he e~;pGsed portion of the Jrmer incisor \lilS c2 ip11ed off as 

\-!ilS tlw rortion of the rnrws of the mandible ]Y:>sterL>r to 
t~1c }.ast 111olar. 

ii 

(2) The specimen was then placed in a small glass container with 
a ground glass lid and covered with a 10~ solution of 
cur.-r;.-:1ercial nitric. ac id (:·o~~ mm) in ua ter. 

(3 ) After l:G hours the lateral surface of the r.1andible covcring 
ti1e mDlars uas trimmed auay uith a scaJ.pel and the nola.rs 1:-:cre 
e~;tracted. The acid sDlutian \·Jas ch.:.nged and the trir:nnccl 
rnandibles returned to the ac.id bath for an additiona! ~8 hours. 

(~) The individual specimens uere then identified by attaching a 
ST;lalJ aluminurn number ta;z, and uere rinsed in \Jatcr for a fc\v 
minutes. They \•lere then pJac0d in ?_r, ~ potassiurr. a!.um SQlution 
for a 12-hour period to neutralize the acid. 

()) Specimens Here then riilscd in :running tap ~vater for 30 
minutes prior to dehydration. 

Deh ,!C1ration. _ _.__ ___ _ 
Spec.:i.I:'lcns \>7en~ moved progressive ly through )0, 70, 80 , 90, 9) , 
100 percent alcohols allm-1in::; four or five hours in each alcohol 
concentration. 

Clearing. 

Ccdar oil uas used as the clearing agent, changing once after tuo 
hours aï.ld leé1ving ovcrnisht in the :Ei.nal bath. 

Infiltration. 

' ~ Tissue mae (?isher) 60-G3° uas useà for both infiltration and 
eï.1bcdding. The specimens ~·Jcre passed through thrcc lots of melted 
'

1tissue maf' in a constant temperature aven set at 65°C. The 
timc interval in each lot uas about one heur. 



'îh.c :ja\·7 specimens \·lere er11bedded in tissue mat \-Jith the lateral 
( trinned) surface of the manclible dmm. Tiw paraffin blocl~s 
containing the S?ecimens were labelled with the appropriate 
lot number. 

( l) B locks \·:cre trimmed and them Eh)unted on wooc!en ho lders by 
heating the \moden black to the charring p c, int on the coil 
of a hot plate, and then pressing the charred end into the 
b locl~. 

iii 

(?) The trimraed block uas then inserted in a micnJtome and after 
orientation sagital sections were eut until the center of the 
incisor tooth was reachcd. 

C.>) IUbbon sections uere then eut and saved for mounting. 

Nountin"'. ----:.:..:1.-

(1) Tuo or three drops of Na:,rer's albumen fi:;ative \·Jei·e p::.acecl 
on a previously acid-cleancd microscope slicle. 

(2 ) 

(-· ) .. , 
,/ 

Five or six drops of tap uate.r \'!ere flooded on ti'le slièc and 
mb:ed \·:ith the Hayer' s fü:ative. 

Desirable sections were thcn transferre d to the llquid on 
the slidc. Usually four sections tc a slide. 

(l1) 'n1e slide \Jas then placed on the metal top of a serolor,ical 
bath (CENCO) uith \·Jater temperature about G5°C. 

(5) Slides were carefully watched at this stage as ovcr-hcating 
is undesirable. \'n1en the sections ~·;ere f}_attened satisfactorily 
the excess fluid was draincd off over the edge of the slide onto 
a paper tm·JC~l . 

(G) Sections \Jcre then placed on a \·Jire mcsh screea clevated one 
5.nch a hove the surface of the metal plate covering the ua ter 
bath and alloHed to dry . 

The sections Here stained by the progressive herr.atoxyiin-eosin 
mcthod as folloHs: 



StainÎ;_J_ll_ (continued). 

J:ylo~ I - ~? 1:1ins. (changcd aftcr every 1_5 slidc.s). 

Xylol II - 2 mins. 

Alcohol - 2 mins. each - 95, 80, 70, 50, 50, 15 percent 
(changed afte r each 15 slid2s ). 

Tap eater - 0 mins. 

HeraaL>~~ylin - 1!- mins. 

Alkaline tap water - 1 min. 

Alcohol - 2 mins. each 15, 30, 50, 70, 80, 95 percent. 

5 mins. 

Ca rbo l-Xy lol - 2 mins. 

XyJ.ol - ~) r.:ins. 

Canada 13als am fclounting. 

iv 



APl'Ei:iDD~ FIC. 2 . Dia3rammatic Illustration of a LmK~r Incisor ~;ccti'n1. 

- ~ 

G -- nm:E 
_,;;. <ë 

-. 

Odontoblasts 

Ame :_:.)b las ts 

l. 

Auclohlast Arcas: 
]_. Arca l)[ ali3nme nt 
~ . L\rea of incn~asinr; slopc 
.:) . /,rea of mmdmum heir;ht: 
':. Arca of mininrum hcigh t 
l ' 
) · Arca nf uniform c0lunnar cells 
" . Arca of uniforn colm•mar cclls 
,., 

!-..rea of uniform columnar cells i . 

~ 

-

n c., 

-

-

C' 

C> 

~ 

-

:J. 

oftcn adhcrin~ 
lightly staincd 
li[;htly stained 

Cù - .. 
'· - -- - '-0' c:9 
~ 

<1::> - .. -

h. ). 
,-
\'."') . 7. 

to enamel matrix 
<: 



APPENDIX TABLE l. Annl yis ~ f Covariance •)f Gains (y ) and Fced Intakcs (:x) of Guinea Pigs on Various 
Levels of Dietary Fluorine Intake. 

Source of 
variation 

Total 

7 Fluorine treatments 

Groups l-5 vs. 6- 7 

Remainde r 

Correction factor 

Covariance xy 

rxy Covariance 
sx ~< sy 

b = Covariance xv 
Variance ;;: 

L:(xy) 
D/F Group totals No. 

----
:~ le 
./ ' 

G 52, 719,:!.62 5 

l 

27 

56':+ ,, Gs l~~s c~ 
• 1-- 1 ' ' - ' .) 10, 516, 880 

35 

(~~~ry) 

J:2r50 
)-1 r-,-/-0 01 (' 

• 1 ' " c... . • ;;) 

1:.2l:9 . 8 
6)39 .6 

o.C::7c3 

Inclividuals ~(x-x)(y-y} 

l O, G2.8 , oB) ;_7) , 203 

1 0 , 5l~3 , 83r.::· 2G , 952 

29, 506 

111: '7~5 

1:.2l iCJ . 8 
l:.o, 78l1 

() .1011·2 s rams gain/grarit :feed intake. 

Covariance r:xy 
x y 

)f2lt9.8 o. G7 

b 

0 .101~2 

<~ 
1-'• 



Source 

Total 

Total Groups 

Bctween F levcls 

Between locations 
mcasured 

In ten1c t ion 

t~cmaincler 

t\.PPEND:C~ TABLE 2 . Effect of Dietary Fluorine on Oclontoblast Hcight (y ). 

D/F 

1G9 

1, 0 
"- ) 1.../ 

,.­
C 

) C~ 

12 1 

ANALYSIS OF VARIANCE ----------·- · 
.., - .z y~- - -

Group totals No. Incliviùual 

l 91,1 iS7 

180,li25 

176 ,:.~23 

1 ':)r;,:~ 
' ' --__,.- -

( - )~' l! y•:~" r_ 

1C, 511 

" () r-.. #1 J l,· ,::.9 

2, 2 72 

2 s 

l 2 J..l.d:. 

37f'). 67 

1, 600 ?(6 .67 

1, 957 

1 0 , 62,~ 

t.:;lr_ -;: < 
./ , • ..)U 

se .:._;_r; 

Correction factor cc.1J,.o2 
~ 

1.7 l: , G5t~ 
170 

s 

n J, 
_ .. . j 

F Value 
Ohs. Nec . 

. "J: . C ~. 

li-.29 2 .17 f) CH=:_ 
·-·-·---... · 

3.02 2.]7 2.?5 

(.1 

<: 
!-'· 
!-'• 



Sou re ~~ 

Total 

Total Groups 

Betwcen F levels 

Bet~·!een locations 
measured 

Interaction 

Remainder 

J\Pl'ENDI.i~ TABLE~'. Effect of Dietary Fluorine on L\.rJG1ob1.D.st :Icight (x). 

;.\l'i'ALYSIS CF W.ItiLNCi~ 

·----------· 
D/F ~ ~2 

Grou!J totaJ.s i:·lo. Inclividual 

201 ,J ;; , ~, r;n 
. ' . J 1 ./-

118 1<; Ol) 
~-.'} 

( . 
;,.~/ 

l",~ )10() 
....... / ' /' 1 ~~· ..;' 

6 1·:,5 ,l(ll 

-· /' 
)~~) 

153 

Corr8ctinn factor ''"' '-02 ~ 1 5~~ ) lt-3·~~~ 
~~ ()~? 

"'("-;:: )2 L.J .o\. .... 

r;r) r; l:.r) 
... c.,t:.. U t.... 

ll1} 5~Y( 

1 }Oll 

~. 

s "" 

302.G 

1(;[~. 5 

s F ·F~~1uc 

Obs. Nec. 
;••z::::: ~ 1 

-------~~-·· --~ -'~ 

3 . 5 ~;· ~; . 1 c; i? • ~:·~~ 

13}003 ~: 1·~7. 2 '~?.87 j~.l ~ ?. s~~. 

51:':> Jl : . • 2) < 1 

7,735 ~)0 -55 7 .l 
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APPENDIX FIG. 3. - Ameloblast and odontoblast heights of Guinea Pigs 
on various dietary fluorine levels as measured at: 
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APPENDIX FIG.4. Q Ameloblast and Odontoblast heights of Guinea Pigs on 
various dietary fluorine levels as measured at: 
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APPENDIX FIG.5. - Ameloblast and Odontoblast heights of Guinea Pigs on 
v~rious dietary fluorine levels as measured at: 
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APPENDIX FlG.6. - Ameloblast and Odontoblast heights of Guinea Pigs on 
varioua dietary fluorine levels as measured at ~ 

AREA N0.4 

----· Ameloblasts 

4o Odontoblasts 

0 Lot 6 and 7 Ameloblasts 

® Lot 6 and 7 Ameloblasts 

35 

-- -· -------\ /·-

\ / 

\ // 
30 \ / 

\ / 
\ / 

\ // 

\ / 
\ / 
\/ 

25 

20 

15 1\ 

3~ " J\ A x " x x 1'1 
24 30 42 48 54 6o 66 72 78 84 

ppm F in di et 

l.'. 

:·:.~~ ~: :·,~ 

'· " 

..... .. 



APPENDIX FIG. 7. - Ameloblast and Odontoblast height of Guinea Pigs 
on various dietary fluorine levels as measured at: 
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APPENDIX F!G.8. - Ameloblast and Odontoblast heights of Guinea Pigs on 
various dietary fluorine levels as measured at: 
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APPENDIX FIG.9. - Ameloblast and Odontoblast height of Guinea Pigs on 
various dietary fluorine levels as measured at: 
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