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EXPERIMENlAL CHRONIC FLUOROSIS IN YOUNG 
RATS 1-1ECEIVING SUPPLl3MENTARY 
DOSES OF VITAMIN 1) 

INl'R OD LTCTION 

Certain points of siiiii1:trity hetween rickets and chronic, ex- 
periinentnlly induccd fluorosis in young aniiiials 1i:ive led some 
authors to suggest that fluorosis is of :I rickets-like nature. This 
opinion has been voiced in pith1ic:itions by W e s f i n  (1935) ,  Utriicr 
(1945), and RdZnngrr ct  r r l .  (1958).  

In 1942 E n s f  c:illcd attention to the probable synergistic effect 
of fluoride :ind vitaiiiin D, pointing out that Hnizch, Steenhock 
CC Pnrsons (1!)33), Morgnrcidge d? Finn (1940),  and Kempj' 12 
N ~ Z s o n  (1941 1 had denionstrated :I niore satisfactory therapeu- 
tical effect on rickets when fluoride and vitaiiiin D were admin- 
istered together than when they were given separately. Further- 
more, NoryrrrPidgp cC Finn (11140) found that the manner in 
whirh the fluoride was supplied to  the rats was of decisivc iiii- 
portance. If it was mixed into the food (300 1 ~ p . m .  F-) :I syner- 
gistic effect with vitamin I) occurred, while the action of vita- 
min 1) w : i s  destroyed if ;I fluoride solution was adininistered 
dropwise once :I day. 
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Other investigators have exiunined whether supplementary 
doses o f  vitamin 1) might have n curative or mitigating effect on 
chronic fluorosis. These investigations :ire suinmed up in T:i- 
Me 1. \‘:irious vitamin D preparations were used, e.g. cod-liver 
oil, Viosterol (U.S.P. used :is synonyiii for calciferol), and Vi- 
gtintols. The doses applied have varied. Armstrong (1933) gave 
4 drops o f  10 1) cod-liver oil per day to rats fed a diet containing 
0.1 per cent sodium fluoride (450 p.p.111. F--). Smith (1936) gave 
2-4 per cent cod-liver oil in the food or 1 drop of Viosterol per 
thy. l‘pmpestini & Crrnnnnci (1938) gave 1-2 drops of Vigantol 
daily, while Utruer (1945) and Schour c!2 Smi th  (1934) merely 
stated that n suppleinent of vitainin I) was given. One author, 
Chrrncles (l929), irradiated the :~~i i inals  daily, for 10-20 nii- 
nutes, using a Hanau lamp. 

In experiinents in which unimals with fluorosis received sup- 
plementary doses of  vitamin I) (Table 1, a- 111) the interest has  
lieeri focussed pwticularly on: the growth of the aninuils (a, h ) ,  
the macro- and microscopical conditions of the incisor teeth (a, 
b, c, d, f ,  h, k ) ,  the condition of the bones, and the histologicnl 
structure o f  bone (h ,  i ) .  A few of  the authors have determined 
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the contents in the bone ash of Ca, P, CO,, and F (e, f ,  111). 
It is also apparent from Table 1 that two authors found that 

the course of the fluorosis was mitigated when supplementary 
doses of vitainin 1) were administered whereas other authors 
failed to obtain any such effect. 

In an  atteiiipt to determine whether or not vitamin 1) has a 
mitigating effect on fluorosis an  experiment was set up. The 
main purpose of this experiment was to compare, clinically and 
histologically, the incisors and the periodontiuin of the incisors 
and inolars of the animals fed a fluoride-rich diet with or with- 
out suppleinental vitamin D. In  a few cases the changes were 
correlated with findings in nornial ruts. 

21 4 1' Ell I A I, AND hIETHOI) 

Determination of the fluoride dose 

On the basis of experience gained from earlier experiments 
with 0.05 per cent sodium fluoride (225 p.p.ni. F-) added to the 
diet of rats, Pindborg (1950) and Z,indemann e f  al. ( l959) ,  it 
was decided to add 0.05 per cent sodium fluoride to the basic 
diet. The animals were ni:rin tained on a basic diet, Meco-Dumex's 
diet no. 6, comprising 32.5 per cent skiinnled inilk, 41.4 per cent 
potato starch, 8 per cent dry yeast, 13 per cent peanut oil, 5 per 
cent sharkliver oil, and 0.1 per cent ferrotartrate. 

Determination of supplementary doses of vitamin D 

In order to cure experinlentally induced ra t  rickets the Meco- 
Dumex laboratories have found :I daily dose of 0.8 I.U. of vitn- 
I n i n  D sufficient. In the present investigation it was decided to 
use a solnewhat larger dose, viz. 10 I.U. of vitamin D per day. 
All aninials received the vitamin by pipette. Aniiiials in  one 
group received the basic diet + 225 p.p.in. F-, animals in the 
other group had the same fluoride-rich diet + 10 I.U. of vitn- 
iiiin 1). 

Twenty 38-39-day-old white rats were used in the experi- 
iiierit. Fifty per cent of the aniiiials in each of the two groups 
were sacrified 28 days, and fifty per cent 64 days after the be- 
ginning of the experiment. The animals were caged separately 
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and received :I weighed, sufficient, daily :iiuount of food. Food 
left over was weighed the following day thus making it possible 
to know approxiiii:itely the :miount of food and fluoride con- 
sumed by the individual :iniin;ils. The aniinnls were weighed at  
the beginning of the experiment and subsequently once tt week. 
The experiiiiental data are recorded in Tables 2 and 3. 
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The incisor teeth were examined clinically on two occasions, 
the first 13 days after the experiiiient had started, the second 
after sacrifice hy ether of thc animals. The heads were fixed in  
4 per cent forinaldehyde. The upper and lower jaws were dis- 
sected out, decalcified in 5 per cent nitric acid, and embedded 
in celloidin. Generally they were cut longitudinally, hut in two 
cases the upper jaws were cut transversely. The sections were 
stained by 1i:ieiiialuiii-eosin and H:insen’s connective tissue slain. 

- 

Ingestion of food and increase of weight 

l h e  food upt:il<e and weight increase of inale rats in the two 
diet-groups were culculutetl on the basis of ;I 28-day experii1ieiit:il 
period in order to oht:tin its iiiany d:it:i :IS possible, Table 4. The 
figures did not differ significantly between the two groups. Stu- 
dent’s l-test gave t = 0.34 lor ingestion of  food and t = 0.84 for 
increase in weight. 
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Incisor teeth 

Clinically, the incisors of ra ts  in the two diet groups were not 
found to differ whether examined after 13,  28, or 64 days. In 
both groups the lower incisors showed evidence of beginning loss 



o f  pigiiient after 1 3  d a y s  on the dict. After li4 days transverse 
hypop1:istic stri:ie typic:il of :idv:inced fluorosis were visible in 
tlie en:iiiiel o f  all teeth, independent of type of diet. 

Histological examination of rats rereiving 225 p p m .  F- in the diet for 28 
and 64 days 

b.'ntrniel m i d  erirtrrirl orgtrn 

1 t w;i s c h ;I r:i c t e r i s tic t 11 t i  t t l i e  en  :i ni e I did not llec o 111 e c o nip1 e t e- 
ly acid-soluble at any site. The enaliiel ni:itrix persisted inore or 
less right to Ihe gingiva, and accentuated increineiital lines and 
niiiiieroiis hypoplastic dcfccts were noted. I'roliferations from the  
stratuin pipillare into the labial periodontiuin were observed; oc- 
c:ision:tlly cyst formation was seen in these proliferations, Figs. 
1 atid 2. I%ecnuse of the persistent en:iiuel iiiatrix the sector, 
Iernied thc f i f t h  sector hy Pinrlhorg S Wrinmtrnn ( lM!)) ,  was 
not well-defined. Consequently it was difficult to decide if the 
:iineloblasts, which norinally beconie reduced in height in the 

Fig. 1. Persistence of enamel matrix, acccntuation of incremental lines and 
hypoplnst ic defect.;. Note proliferation from stratum papillarc (PH), varying 
width and loosc \tructure o f  labial premaxillary periodontal membrane 
with hypcracmia. Part of scction of upper incisor from 67 days old rat on 

dict containing 225 p.p.m. F for 28 day\. Orig. magnif. X 80. 
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Fig. 2. Persistence of enamel matrix w:tli h y p ~ p l n ~ t i c  dcfccts and a small 
proliferation from stratum papillarc (PI{). At (CY) a small cyst is seen. 
Note desorganizatiori of labial pcriodontal membrane. Part of section of 
upper incisor from 67 day5 old rat on diet containing 225 p.p.m. F- for 

28 days. Orig. magijif. x 80. 

incisal end of this sector, :ttrophied prematurely, although this 
w a ~  the iinpression gained. Prior to  the atrophy, the anieloblasts 
were irregularly arranged and of different heights; immediately 
proceeding the atrophy eosinophilic grains were demonstrable in 
the anielohlasts. I n  ra ts  which had been on the experimental diet 
for 64 days the changes were inore severe. The enamel was more 
hypoplastic and the proliferations from, and cysts in, the stratum 
yapillare more numerous. In four out of five aniiiials the enniiiel 
matrix was replaced by a thin hasophilic zone. 

Dentine (ind predenlinc 

Poor mineralization of the dentine, particularly on the labial 
aspect, was encountered in all of the rats. The mineralization oc- 
curred in much sinaller globuli than usual and thus the transi- 
tion between predentine and dentine appeared granular. In  addi- 
tion, accentuated i~icremental lines were seen. The labial preden- 
tine which noriiially measures 10-20 p across was much wider, 
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I'c~rrodonlii i i i i  of flre iiic-isor teellr 
Marlied 1iyper:ieiiiia was observed in the 1:ihial perior1oiit:il 

niemhrnne, the width of which varied greatly, Figs. 1 and 2. I n  



areas with pro1ifer:ilions froin the str:ituiii papillare and with 
highly 1iyl~x:icinic vessels the periodontal connective tissue w a s  
sparse. Where the proliferations :it id hyper:teini:ts were less pro- 
nounced the connective tissue occupied a larger  are:^. In this Iat- 
ter instance disintegration of the norii1:il solid, fibrillar and well- 
oriented connective tissue w:is noted. The structure was loose, 
irregular, of :I reticular cliuracter, and edeiiia was seen in some 

In areas of the lingual periodontal ineitihr:tne in which the in- 
cisors were free of rccesses the structure reninined norninl. At  
the sitcs of the recesses llic hyper:ieiiii:i was intense, :tiid here 
and there spheroid forinations o f  osteoid tissue were found, 
Fig. 6. 

In the ;tlveol:ir bone :it the upper incisors the processes of ap- 
position and resorption occurred a t  the sites at  which the nor- 
i m l ,  physiological apposition and resorpLion take place, Sicher h 
Weinincinn (1944). All newly forined hone, however, was chnr- 
xter ized by :in irregulw structure :ind :in :illnost coinplete :ib- 

areas. 

Fig. 4. Fundic p l a t e  from upper incisor "'). Note irregular bonc structure 
with co:irse osteorgtcs ant1  abiiormnl width of fundic plate. Part of sect'on 

from ti7 days old rat  o n  tlict containing 235 p.p.ni. 1;- for  28 days. 
Orig. magtiif. X 80. 
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Pig. 5. 1rrcgul:u. 5tructurr of Inbial prcinaxillary bone with inclusion5 of 
coniicrli\c tissue. Note ulso 1Iie irregular width o f  periodontal merribrarie 
(1'M) and the irregu1:ir 1)oiic burf:rce. P a r t  of hcction of upper incisor from 

67 d;iy\ old rat 011 diet coiitaining 225 ]).p.m. F- for 28 days. 
Orig. iii:igiiif. X 80. 

sence o f  Iaiiielhe. I n  Fig. 4 which illuslrntes the lingual maxil- 
lary hone from the basal portion of an  upper incisor, iiiiniature 
hone containing crude osteocytes replaces the noriiial lamellar 
struclure. According to Wrinmnnn A? Schozrr (1'345) the width 
of this fundic plate is normally 50 p .  In  the area here depicted 
the width is nhout 150 p, although the sites of resorption and 
:ipposition were normal. 

Occasionnlly, the labial preiiiaxillary alveolar bone contained 
nuiiieroiis connective tissue inclusions. Many of these inclusions 
were connected will1 the periodontal iiieinbrane due to norinal 
resorption in this area. As a result the surface of the alveolar 
hone fucing the tooth was very irregular, Fig. 5. On the free sur- 
face of the labial prem:ixilla rather wide, osteoid margins were 
present, indicating a retnrdniion of the niineralization process. 
The vessels located in the bone of the labial preiiiaxilla were en- 
circled by osteoid tissue. 
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Fig. 6. Lingual premaxillary alvcolar bonc with formation of new boiie in  
l h c  periodontal tissue (I'M) in a lingual recess. Notc hyperaemic areas. 
Lingual dentine ( D ) .  Part  of section from 67 days old rat  011 diet coiitaiiiing 

225 p.p.m. F- for 28 days. Orig. magnif. X 80. 

Fig. 6 a. Lingual premaxillary alveolar hone (LB) in the gingival region. 
Note osteoid borders, irregular structure with coarse ostcocytes arid inclu- 
sions of connective tissue. Par t  o f  sectitru from 103 days old r a t  OII diet 
cnnlaining 225 p.p.m. F -  4- 10 I.1J. vitamin 1) f o r  64 days. Orig. magnif. x 80. 
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Fig. 7.  Fig. 8 
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In  the 1ingu:il preniaxillary bone :tppnsition occurred a t  normal 
sites, hut r:ither wide osteoid m:trgins were present, indicating 
;I rel:irrletl niincr:tliz:ttion. Facing the lingual periodontal nieiii- 
hr:rne honc apposition W:IS ni:trlteti hy :I presence of reccsscs, 
Figs. 3 and 3 :I. At almost :ill siles : i t  which recesses were noted 
the fori1i:ttion o f  iinni:tturc bone tissue w i s  intense and with 
i1i:trgins of osteoid tissue, Figs. 6 :inti B ;I. 

Cross sections o f  :in upper incisor froin a rat  on experinient:il 
diet for 64 days disclosed rather unusual conditions. The ceiiien- 
turii-covered proxiinnl suri:iccs wliicli norrn:illy :ire slightly con- 
vex and cnud:tlly converging, Fig. 7, were ~uarltedly cone:ivc, 
Figs. 8 :tnd 9. In Fig. 10, depicliiig :I niore h:is:il :ire:) th:in the 
:ttwve, :I iiiore noriii:tl, :~lthougIi  irregul:ir, outl inr o f  the  tooth 
is seen. 

. I l f J / t l f '  ie(~i11 t i r i d  niolfir ~)i~ri i idoi i l i i i i i i  

In :irc:ts in which tlevelopiiient of secondary ceirientuiii nc- 
currrd, I:irge :tmounts oi precciiientum were seen. I3oiie apposi- 

Figs. 11 and 1%. I)iff'rrcnt ci-0s:; wel ions  of t l i c  same u p p c ~  incisor. Note 
varying forin of tooth and varying wkitli of pei~iotlont:il mcinbrnne. In Fig. 
12 t l ir  Imne t issuc (R) is s e e n  10 f o l l o w  t h c  n t w  f'orni of the tooth.  'L'he 
r l l a w n  l i n e s  iiidieotc different s:igitt;il sections a n d  sliow how l ingual  rcccs- 
w s  pr111~:iI~ly originate, 102 dnys o l d  rat on t l i c t  containing 22.5 p.p i n .  F- 

1- 10 1.L'. vitnmin I )  f o r  f i l -  tl:rys. Orig. niagnif. x 20. 
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lion :ind resorption occurred at noriiial sites. Here too the struc- 
ture of the newly foriiied bone tissue was often irregulw and 
less 1:iiiiell:ir than in noriiial rats. Margins of osteoid tissue in 
areas of apposition were seen chiefly in :ininials in the (i4-d:iy 
experinlent. 

Histologirnl examination of rats receiving 225 11.p.m. E'- in the dict f 10 I.U. 
of vitamin D 

No signs of healing or iiiitigiition of the pathological processes 
were seen in the rats whether the experiinent covered 28 or 64 
day$. Th i s  applied to a l l  tissues exaiuined. Exaininntion of cross 
wctions of  :in upper incisor froin a rat on experiinental diet for 
04 days revealed the s:iiiie niorpho1ogic:il changes :is those ob- 
served in :I rat on experiiiientul diet for 64 h y s  without supplies 
of vitnniin I), Figs, 11 :ind 12. 

I)ISCLJSSION 

Any indication that vitamin 1) in the applied concentrations 
and types of dosage have :i curative or preventive effect on pa- 
thological conditions to develop in aniin:rls fed :i diet containing 
0.05 per cent sodiuni fluoride (225 p.p.in. F- ) has  not heen found 
in the present study. This is in conformity with the results oh- 
tained by e.g. Armstrong (1933),  Schoiir & Smith (19341, Smith 
( 1936),  and l j n t i ~ r  (1945).  The present author is of the opinion 
that it is confusing to call chronic fluorosis a rickets-like con- 
dition. 'l'he pathologic:il proccsses here discussed have nothing 
in coniiiioii with the processes which according to WeinmnnIi CC 
Srlioitr (1945) occur in the alveol:w bone or in  the dentine of ruts 
with rickets. A s  pointed out by Weininnnn c t  Sicher (1955)  it 
iii:iy, :it iiiost, be a matter of del:iyed iiiineralization. 

I n  the present experiment:il series the development of lingu:il 
recesses, also described hy Hoffmnnn, Schrick c t  Firrritn (1942) 
and Pindborg (1950), represented n frecpent occurrence. A study 
o f  the cross sectioned incisors may provide an explanation of the 
very peculiar pictures seen on sagittal sections of the lingual den- 
tine and periodontiuni, see e.g. Figs. 3, 3 a and 6, G a. It iiiight 
he more pertinent to use the terin : proximal "recesses". The  rea- 
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son why ostcoid tissue and bone tissue is visible in the lingual 
periodontal ~nemhrane  corresponding to Lhc recesses is that the 
sh:ipe of the incisors nialtes it very difficult to obtain complete- 
ly sagitto1 sections of the cnaiiiel-covered :IS well as  the lingual, 
ceiiientuiii-covered parts of the tooth, cf. Figs. 1 1  and 12 in- 
dicating directions of seclioning. For reasons of compensatory 
bone forination at the site of the ni:irltedly concave proxinial sur- 
faces such sagittal sections will not infrequently include soiiie 
of  this newly forined bone tissue delayed in inineralization. Fur- 
thermore it W:IS noted that the very same tooth did not iiiaintain 
the s:iiiic shape throughout its course in the jaw, Figs. 8,  9, and 
10, :ind Figs. 11 :ind 12. N o  doubt, this change of shape indicates 
[ha t  the continuously erupting incisor is encountering great dif- 
ficulties during eruption ; these difficulties may be responsible 
for thc retarded eruption described by Smith (1934). The occii- 
sionally intense hyperaemia observed in the lingual periodon- 
tiuin may also he ascribable to :idverse circunistances of erup- 
tion. Besides it may be that the hypoplastic defects in the enamel 
(in the inore advanced cases of fluorosis the enaniel could be ah- 
sent ) and the proliferations from the stratum papillare, could be 
responsible also for a del:iyed eruption and for the 1iyperoeiiii:i 
a nt l  occasion a 1 disintegration of the 1 :ibial period on t a 1 iii em b rime 
in the preni:ixill:i. 

SUMMAllY 

The author investigated whether supplementary, daily doses of 
10 I.U. of viltiiiiin 1) to young, fluorine-intoxicated rats  would 
have :I niitignting influence on the course of chronic fluorosis. 
Ingestion of food, increase in weight, the cliiiical appearance of 
the incisors, and the histological picture of the incisor teeth mid 
the :ilveol:ir hone were found to reniain uninfluenced by the ad- 
niinistrntions of vitamin D. The author draws the conclusion that 
supplementary doses of vit:imin 1) have no thernpeutical or initi- 
gating effect on fluorosis induced under the conditions of the ex- 
peri~iients. 

The author is of the opinion that chronic fluorosis is respon- 
sible for morphological changes of rat incisors since cross sec- 
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tions of  the incisors disclose unusual conditions in the reinen- 
t i t  in-covered portion of the teeth. The phenoiiienn, previously re- 
ferred to :is oral recesses in the lingual dentine, are cxp1:iinahle 
on the basis of these morphological changes which reiiiain equal- 
ly uninfliirnced hy suppletnenl:iry doses of vitaiiiin D. 

HliSl’Mfj 

FLUOROSK CHHONIQUE EXPERIMENTALE CHEZ DE JEUNES RATS 
RECEVANT DES DOSES SUPPLEMENTAIRES DE VITAMINE D 

1,’:tuteur :I rherch4 h dbteriiiiner si l’ndministration suppl6- 
ii1ent:rire cpotidienne de 10 U.I. de vitniiiine D & de jeunes rats 
soumis A iiiie intnxic:ition :\ti fluor pouv:iit :ttt&nucr lc ddveloppe- 
riieiit de In fluorose chronique. II est :ippuru clue l’ingestion des 
:tlinients, I’augiiientation dc poids, 1’:ipp:irence clinique des inci- 
sives et  1’:tspect hislologique des incisives et de 1’0s alv6olnire 
n’btaicnt 1):is influencds p:ir 1’:icliiiinistr:ition de vi hinine D. L’au- 
teur conclut que les doses supplbiiientuires de vitaiiiine D n’ont 
ni action th6rapeutique ni : i d i o n  :tttdnuunte siir la fluorose pro- 
voqui.e thns des conditions correspoiid:intes h celles ties exp6- 
r i e i i c e s 1) r C se 11 t e s . 

L’iiutcur pense que la fluorosc chroiiique est responsable d’iiltb- 
rations iiiorphologicliics des iiicisives du rat, les coupes transver- 
s:iles des incisives iiiettont en bvidence des  anomalies :iii iiiveau 
de 1:1 portion couverte de rPiiietit des denls. Les phbiiomi.iws an- 
t6rieureiiient tlbsignbs sous le i io i i i  d’invaginations linguales dans 
I:r clrtitinc~ ling~unle p e i i \ ~ n t  Btre expliqiibs en s’:~ppuyfiiit sur cc’s 
altbratiotis iiiorl’liologiqucs qiii lie solit p n s  non plus influeiic6es 
p r  les d o s e s  sui’p1t‘i~ient:iires de vitatiline 1). 

Z 1 T S AM h l  EN F A S S U N G 

VJTAMIN-1)-ZUSATZ BE1 EXJ’EHIMENTEI.IER CIIRONLSCHER FLUOROSE 
JUNGER HATTEN 

In der Arlieit wird unlersucht, oh sich die experiiiientelle Fluo- 
rose junger H:itlen [lurch eine extra Dosis Vitaiiiin 1) voii 10 i. E. 
pro Tag iiiildern Iiissl. Es zeigte sich, class der cxtra Zuschuss 
voii Vitniiiin I) keinen Einfluss Iwtte, weder :iuf die Nahrungs- 
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aufnahme und Gewichtszunahnie der Tiere noch auf die klinische 
Erseheinung und das  histologische Bild der Incisiven und  des 
Alveolarknochens. Die Verfasserin konkludiert, dass eine Vita- 
min D Gnbe fiber den norni:ilen l3edarf hinaus lteine heilende 
oder inildernde Wirliung auf die chronische Fluorose hat, so wie 
sie ini Experinient erzeugt wurde. 

Die Verfasserin ist der Ansicht, dass die chronische Fluorose 
f i r  die niorphologische Verlnderungen der Ratteninzisiven ver- 
antwortlich zu niachen ist, die sich in Querschnitten dieser Zlhne  
31s einen eigentiinilichen Refund in deren zenientbeltleideten Pnr- 
tien zeigen. Was man friiher als ornle Rezesse im lingualen Den- 
tin bezeichnete, lasst sich auf der I3asis dieser niorphologischen 
Veriinderungen erkllren, und diese Veriinderungen sind durch 
eine zusltzliche Dosis von Vitamin 1) nicht zu beeinflussen. 
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