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INTRODUCTION

The manner in which an animal metabolizes small amounts of fiuorides
is a subject that has received a gréat‘deal of attentieﬁ in recent years.

This interest has been stimulated by two major factorg; first, the fluoridation
of muniéipal water supplies and the topical. application of fluorine conpounds
to the téeth of children as prophylactic measures to combat dental caries,

and second, the possibility of hazards to workers in industries uﬁilizing
.large qﬁantities of fluorides and to the population and domestic animals re-
siding in areas near these industries.

The work deséribed in this paper was:performed with the hope that
the use of radioactive tracér techniques might help to clarify some of thé
controversial problems encountered in the literature on the metabolism and
toxicological properties of fluorides. The literaturé,on the subjects of
fluorine toxicology and chronic fluorine intoxication is voluminous. However,’

.the major findings -have been condensed and reviewed by Roholmloo who has
covered the field from the eérliest~reportS‘towl937, by Greenwood43 whose ‘re—
view covers the period from 1937 to 1940 with some references to the earlier
literature and by McClure’?- whose review coveré the years 1940 to 1949.

" Roholm emphasized the difficuity and uncertainty involved in the
chemical analysis of biological méterial for fluorine.. The'method devised
by Willard and Winterst3? which has been modified by Armstrongz, although
considered to be the most reliable, has several drawbacks: it is time con-
suming, it involves the use'pf perchloric acid which may explode with the

loss of valuable samples, it must be very carefully standarized and it reguires
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the use of large amounts of material when the fluorine contént of samples is
small. It is understandable then that very few studies have been made on the -
distribution of fluorine in animal tissues other than bone, teeth, blood and “
pooled excreta; Chang gi,gl;g.in 1934 reported the distribution-of fluorine °
in the tissﬁes of a dairy cow vhich had been.fea raw rock phosphate for a

31,32,33 in a series of -reports N

number of years and Gautier and Clasumann
‘published in 1913 give values for the fluorine content:of the pooled tissues #
. of large animals such as sheep and dogs. It is difficult to evaluate the data
.obtained by different workers on the fluorine content of animalmmaterial, es;
pecially the older works, because the:-values obtained vary widely depending on
the method of anal&sis employed. Because of the widespread occurrence of
fluorine in soils and water supplies and its appearance as a contaminant of

. meny foods and chemicals.McCIure75:76:78, chlorides and bromides in particular,
it is extremely difficult to ﬁaintain an animal dn‘a diet that is relatively "

LN

free of fluorides. For this reason it becomes necessary to administer fairly-

: larée amounts of fluorine vwhen information is desired on its metebolic pathways
and distribution, in an attempt to differentiate between the fluoride adminis-
. tered and that already present in the animal..'This situation arises quite
often in biological work and can be very nearly overcome by the use of radio-

active. isotopes.

In the case of fluorine the longest lived isotope available is F18

with a half-life of only 112 minutes. The short half-life places serious limita-

tiong on its usefulness as a biological tool. This isotope emits positrons

>

vhich result in annihilation radiation (photons). The reduction of large amount®
‘of mass ordinarily present in biological material in order to increase the ef-

ficiency of measurement of the positrons, a time consuming process which involvés

4
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- ashing or digestion With acid, is out of the question when dealing with a
short lived isotope especially“onelthat forms many volatile compounds as does
fluorine. The measurement of photons with a Geiger—Muller counter is a very
inefficient process, nedessitating the use of large amounts of activity. It
is therefore undefstandable thaf there are 6nly three investigations reported
"in which radioactive fluorine was'used, two of these are by Volker_gg,gl127’128
in 1940 and 1941 end one by Wills'33 in 1940. With the advent of the scin-
tillating crystal gamme counter most of the problems heretofor encountered
in the measurement of F18 were solved; the counting efficiency for photons is
greatly increased and there is no longer any need to be concerned with reducing
the mass of thg sampieé; indeed ten to fifteen grams of fresh tissue can be
counted with ease and consideréble accuracy.

The work to be presented here follows two general lines wﬁich are
outlined below:.

(1) The métabolism of F18 in normel rats which includes experiments

designed to shéd light on some of the following problems.

(ag) The excretion of F18, an attempt to obtain guantitative
data on urinary excretion and to determine vhether or
not there is fecal excretion of fluorine.

(b) The cellular permesbility of Fi8,

(¢) The maternal transfer of F18, an attempt to’deterﬁine
whether or not small amounts of fluoride are able to
cross the placents of the rat and whether or not there is
secretion of fluoride in the milk of the rat.

(d) The extent of absorption of F18 vhen administered orally.

(e) The effect on the distribution of F18 yhen it is given

in conjunction with stable fluoride.



(£)

5‘The4localization of F;g-in}bonewby;use'of the radio-

_8_

” autographic technigque. . - .0 ... = - -

(g)

The differences, if -any, in the distribution of F18 in

young adult animals and older mature animals.

(2) Some aépects of .chronic fluoride intoxication in rats.

(a)

(Db)

(c)

The metabolism of Flgrin fluorosed rats, with some

treferences to their growth and‘general condition. ~

The‘possible éffect of chronic fluorosis on the function

of the thyroid gland using the thyroidal uptake of I'>%

and the celliplasma'ratio of T131 a5 indicators.
Thevloc&lizationféf Fl8 in the bones of fluorosed rats
with an attempt tq:correlate these findings with the

pathological changes in the bones due to fluorosis.

Some of the more important aspects of the effects of fluorides on -

biological systems and-of chronic fluoride poisoning will be discussed in the -

following pages.

%
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GENERAL REVIEW OF THE BIOLOGICAL EFFECTS OF FLUORIDES

Effects of Fluorides on Enzymes

Inorganic fluorides are strongly.toxic to some enzymes; yeast

,phosphatase,.glucosulfatase,_aCid‘phosphatase,_hydrogenlyase,,urease,
72 while others are little affectéd:

proteolytig enzymes and amylases Sollmgnn;lé.

carboxylase and enolase. Massar

é

Certain of the ehzymes are activated by bivalent metal ions

such as Cé** and Mgh*. Massart and Dufait’3 have shown that some of these

. enzymes are strongly inhibited.by.fluoride, namely acid and alkaline

phosphatase, lipase, cholinesterase, chlorophylilase, carboxylase and enolase.
. Warburg and Christian129 attribute this inhibition in the case of enolase

. to the immobilization of the metallic activator due to the_formation'of

- a dissociable inactive complex of magnesium or calcium fluorophosphate with
the enzyme prptein.‘ They stressed that this formation Qgtan inéctive
'_fluorophosphateqngtal-enzyme complex was not the only mechénism whereby
fluoride could iphibif enzyme‘actiyity'aq‘in the case of carboxylase, which
is inhibited by fluoride regardless of the concentration of phoéphate.

15

. Borei™~ and Rﬁnnstram_gj E}IOZ, after a searching investigation of the

inhibition of yeast respiration by fluorides, came to the conclusion that

.....
=3

, fhe inhibition was due to a competition between FT and cytéchrome oxidase
fbrfcytochrome ¢. Since the cytochrome»gystem;and certain of the esterases
are fundamental_constitueﬁts of cells in general and are neceésary to thev
production of~¢nepgy'by means. of glycolysis, it is not surprising thgt Kaplan
and'Greenber.g61 and Handlgr and his co—workers51:5zvhave found disturbances

in the carbohydrate metabolism (accumulation of hexose-6-phosphate and lactic
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acid, elevation of blood glucose and depletion of- liver and muscle ~
~glycogen) of auimals acutely poisoned with fluoride. Splrallga has
shown that animals chronically 1ntox1cated w1th flueride are in better
phyglcal condltlon, 1f they are given 81zeable supplements of B vitamins.
Slnce 1t is common knowledge that certaln of the B v1tam1ns are comoonents
of coenzymes'of oxidatiﬁe'enzyme systemgxand are'theréfore'intimately .
linked with the functions of these‘enzyméé; Spifa'ézfiudiugslgéem quite
reasonable. |

Acute Fluoride Pdisoning

Aucording”to_Valée123 di;tiuétusymptdﬁs‘of puisuuiné:have been

producedqin u?n from 0.25 gm of sodium fluoride. ‘Recéuefy haS'followed
up to 9 gm and death has been caused in ;n:adultvby 4 g Roholml00, The
mihimumllethal dose for mamméls‘(dogs, rabbité;"réts)'averagés;ébout
0.05 gm per kilo of body weigﬁt by mouth and about C,OB‘Qm ﬁéf kilo sub- .
ﬂ cutaneouSI& of by veiu'Roholmloo. A SIightly'iargér'auBun% ma&;bg ad- B!
;ministered by vein.than the values givén above; buﬁ bniy'wueh given in
.very dilute solution.and over a uonsidefablélléugth.Of time.

| Acute fluorlde poisoning is not rare and usually results from
' the accidental 1ngest10n of 1nsectlcldal or rodentlcldal fluorlde salts.
" Roholmi00 gives .a compieteirecord of ail répofted"caées of fluoride
poisuning either accidéntal 6f intentional togéther uifh a coupilatiqn
of iheISymptOms and autopsy findings for the:period from lé73its 1935.
' Goodman and Gilman*° summarize the syuptous.as follows: ‘initially
éymptoms are referable:to:thé‘gastro—iﬁtestinal tract, salivation, nausea -
iand;abdominal'ﬁain ofteh'accompanied by'diafrhea and vouiting. Systemic
‘symptoms are varied and severe. Thé nervous gsystem is affected and

convulsions ofter occur. The blood pressure falls due to both central -
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vasomotor depression and direct action of fluoride on the heart muscle.
- The respiratory center is at first stimulated but is eventu;iiy'depressed
and death results from either respirétory 6r cardiac faiiﬁréQG Soluble
calcium salts have béen found useful in the treatmént‘bf abuté fluoride
poisoning by precipitating soiublé fluorides that ha;e’ﬁot.been abéorbed
from the digestive tract, and Kochmann®4 reports the successful treatment
of acute fluoride poiséning in mice'witb injectioﬁs'of pafathyroid hormone
which mobilizes Ca From th; bones. |

Absorption, Storage and Excretion of Fluorides

A. Absorption

The absorptidn of‘orally'ingested fluorine compéunds.appears to
depend mainly on the solubility of the cambound McClureig} gl?z. There is,
however, very little cofrelation between the solubility of the compound and
the amount. absorbed, when fluorides are ingested at low leveis, such as are
usually met with in foods, since at this level the solubility pro_ducts1
of the compoﬁnds are probably not exceeded Lawrenz et 5567. To the extent
that the compound is soluble in the fluids of the digestive tract, absorption
of fluoride is quite an efficient process. In experiments on one human
being with daily doses of 6 mgm of fluorine as NaF, Machle and Largent70
found that 97 per cent was absorbed.

The form in which fluorides are absorbed and the site of absorption
are topics that are still open to question. Although undissociated hydro-
fluoric acid seems to be able to penetrate the intact epidermis G3rlitzer41,

there is no evidence, especially when the amount of fluoride ingested is

1 Ksp - (My)x(Nx)y
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_small, that it is absprbed by the gastric mucosa aghgndissqciated HF
formed by the reaction of the fluorine compound wiph»the$hydr§chloric

acid of_thé stomach, as proposed by Wieland and Kurtzahn'?l in 1923.

.The formatién of HF may be a contributory factor in p?oducing the
cqrrosion of the gastric mucosa founa in acgte,fluorine»poisoning. Haﬁck
vand,he;'co-workefSSB found no_histological changes‘invthe gastric mucosa
and minor hemorrhages in the pyloric mucous membrane of rats that had re-
ceived approximately 50 mgm per kilo of fluoride as NaF daily in their
-diet for from 1 to 10 months. Until more conviﬁcing évidencé ié presenfed,
it is more reasonable to postulate that when small amounts of fluorine
compounds are ingested, especially such simple ones'as‘the alkali fluorides,

. they are absorbed for the most part as E‘ from the small intestine.

"'B. Excretion .' ' o ' -
Fluorine seems mostly to be'exéyetéd by the kidney, in what form

: ' ' ‘ _ S 2

it is not known. McClure‘gE 2182 showed that fluoridesrwere also excreted

- through the;skinfin:the sweat, which under conditions of elevated intake
contained as much as 1.8 p.p.m. of fluorine. There has been considerable
doubt as to whether flubrine.is actually‘excreted“By the intestinal tract.
Since most of the investigators Studying this problem administered fluorides
to %ﬁéir subjects orzlly, many of theminterpreted the presence of fluorine
in the feces as the result of fauity absorption. Faulﬁy absbrption un-
doﬁbtedly pla&s % paft when the éolubility of the administered compound is
low, hoﬁevér,‘in 1891 Brandl and Tappeiner16 proved fairly conclusively -
that there is fecal excretion of fluorine, when they dempnsfrated the presence

of fluorine in the feces of a dog after a Single subcutaneous injeétion of

sodium fluoride. Wills'>? using F18 demonstrated that fluorine was secreted



-13-

in the saliva of cats after its intravenous administration.

C;” Storage ‘
It has beeﬁ definiteiy established by many.iniestigators that

Lfluorine is stored to a large extent in the teeth and bones ﬁoholmloo.
There does not appear to be notable storage of fluoriﬁe in any of the soft
tissues even after long periods’of fluorine intoxication. Although
Changigj'gi}9 found that the normal, iow‘fluorine concéntyation in the
soft tissues of fluorosed cows was nearly doubled as was alsp the fluorine
concentration in the blood, their findings do not indicate that fluorine
is deposited in the organs to a degree comparable to the fluorine deposition
in teeth and bones. The extent to which the skeleton may store fluorine
is strikingly demonstrated by the findings of,Gaud et 2;?0 who in 1934
analyzed the skeleton and organs of an ass attacked by darmous and found
that the bone ash contained 8.65 per cent of fluorine, an amount greater
than the 3.5 per cent, which would be theoretical for pure fluoroapatite.

‘There has been considerable controversy as to whether or not there

é
is storage of fluorine, when it is ingested at very low levels. MecClure

ot 2177

said, "There was no significant retention of fluorine in the bodies

- of these young a&ult men when total daily fluorine ingested did noﬁ exceed

4.0 to 5.0 mgm.", thus initiating the widely held view that the animal

body tends to come to some sort of an equilibrium state when exposed to low
#oges of fluorine. Hodge58 and Glock, Lowater an& Murray35 have shown by
analyzing bone samples that the human skeleton accumulates fluorine through-
out life even at relatively low levels of fluorine ingestion, where 0.06 p.p.m.

of fluorine in the water supply and that present in the food probably do not

total more than a daily intake of 0.5 to 1.0 mgnm.
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Hodge58 states that the skeletal deposition of flﬁorideﬂcan,be
considered as a type of detoxification mechanism; that fluorides absorbed .
into the body flulds are promptly disposed of either by urlnary excretlon

or skeletal dep051tion, and that this process takes place with great ¢
raoidlty, in two to three hours it is Dractically complete. As a rough
approx1mation 50 per cent of all 1ngested fluorine is excreted in the urlne
and 50 per cent is stored in the skeleton. That fluorine once reaching ~
the skeleton is quiteitightiy‘bound is shown by Savchuck and Armstrongl 3.
AAfter withdrawal of the fluoride Suppiementronly'lp to 15 oer cent of -the

skeletal fluoride was excreted.

D. Maternai Transfer

- The question‘of the excretion of fluorine in milk is of greatest

importance with respect to the‘production of "mottled’teethﬁ in children.
Phillips, Hart and Bohstedt?% found that fluorine content of normal cow's -
milk was 0.05 to 0.25 mgm per liter; averaging 0.14 mgm. They also found
- that the fluorine content of the milk was not increesed significahtly vhen

covs were maintained on a fluoride supplement of 1 to 3 grams daily.

Gaud et g}?o foﬁnd no difference in the fluorine content of the milk of normal
sheep and sheep attecked by darmous.' However, two observations show that fluorine
¢an be secreted in milk in fairly sigﬁificant amounts°‘ Brinchvand Roholm17
observed "mot tled teeth" in children that had ‘been nursed for long periods
of time by mothers suffering from chronic flporine intoxication, and Murray84
found that the bones of young rats nursed by mothers receiVing 0.05 per cent
" fluorine in the diet contained 30 times more fluorine than the controls. The .
above investigations seem to indicate a species difference between herbivorous

animals and animals that nortially feed on a mixed diet. There is only one work .
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that indicates the secretion of fluorine in the milk when the maternal
fluorine intake is very small. Murray84 found measurable amounts of fluorine
_(0.0007 per cent of the bone ash) in the bones of the control nurslings whose
mothers had been fed a diet with relatively a low fluorine content.

There is é great deal of unceftainty as to whether or not
fluorine is able to permeate the placenta, especially wheh the amounts
ingested are small, such as those encountered in the normal diet. Sharpless_
and McCollum108 stated that it was doubtful whether rats 16 to 18 days
old contained ény fluprine at.all. However, when the amounts of fluorine
ingested by the mother are increased significantly there is considerable
evidence for the_passage of fluorine across the placenta, although appafently

with difficulty Murray" and Gaud et a130.

' Chronic Fluoride Intoxication

"Fluoridéé'are.present in the water supplies in certain'areas and
xin;nuﬁerous edible foods. The amdunt in féod varies widéiy with the type
" as well as the source. McClure??270578 nas prepared summaries of the
fluofide contents of foods'and beverages reported in the liteféture. The
most important foodsvcontaining fluorides are phosphate baking powders,
bones-and bone products, teas from certéin areas and insufficieﬁtly washed
fruits and vegetabies that héve'been sprayed‘with.insecticides containing
fluorides, Bartholmew has reported that there are no changes either in

growth or composition of piants grown in soil containing high concentrations
130

of fluorides. Gaud et found that grains grown in fluoride areas
(the "phosphate zones") of North Africa contained large amounts of fluoride

but that three-fourths of it was on the surface of the grain due to dust.
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It is reasonable to assume, therefore, that the chrénic fliioride in-
toxication ‘seen in herbivarous animals in fhéée;ﬁphdsphate'zonéé" and

'in the areas where industrial fumes contain fluorides is the‘resﬁlt of
surface contamination of plants rather than of the direct incorporation

- of fluorides by the plants themselves. The inhalation of dusts and
smokes containing fluorides is the most important factor to b considered
when dealing with fluorides as an industrial hazard.

As is well known the most important source of fluorides for both
man and animals is in drinking water. Drinking waters containing more
than 1 p.p.m: of fluoride seem to be prevalent in the middle western and
southwestern portions of the United States. Waters in certain sreas of
North Africa have been shown to contain considerable quantiﬁies 6f fluorides
derived from the trickling of subsurface water through the fluoride laden

phosphate rock Velu124

. Water supplieslin ofher‘éfeas of the wbrid have
.alsoLbeen foun& to contain varying aﬁounts of fluoride. vWaiers may contain
_anjﬁhere from a few p.p.m. of‘fluoride resulting in mottling of teeth to
severél hundred p.p.m., amounts which are considered thiq. “

Small amounts of fluérides:ﬁhat produce no apparent effects when-
administered singly, lead to marked>changes when their administration is
‘continued for long periéds of time. At the.lowest levels of intake in
ariﬁking water éna in food'the only ﬁofable.effect_is "mottled teeth" in

118

children. Spira reports that the appearance of mottled nails is another

early sign of chronic fluoride intoxication. Soﬁewhat larger amounts, in
experiment, industrial exposure or in areas of high fluoride waters (greater
than 10 p.p.m.) may cause bone changes in adults. These bone changes have

100

been summarized by Roholm as follows:
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TABLE 1

THE EFFECTS OF THE DAILY INGESTION OF SODIUM FLUORIDE ON RATS

Author . Dose (mgmF/kilo) -

Sol et al - 0.068-3.6
21tl7 — —
Bethke et a1l = 3.6
(19331 —

7.2"18

Lamb, Philli).ps - 18=36

MeClure and 36-50
Mitchell . L
(1931)8L

. Sollmann et al 36-50
(g2)117——

Roholm'(l937 )100"Gmatér than 50
Bergara(1927)7 .

»Duration of Experiment Results

- 52/, weeks

19 weeks
' 19 weeks.

Several generations

78-95 days

5-24 week‘s

None

Incipient dental
changes

Pronounced dental
changes

Pronounced dental
changes. BRetarded
growth and reproduc-
tion, reduced weight
of young.

Growth retarded,
changes in bone
ash, lowered food
intake, reduced Ca
retention.

Increased mortality

Death in a few days
to a few weeks.
All of above symptoms

_ highly exaggerated.
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(1) Osteosclerosis, an occupational disease found in cryolitel workers

in Copenhagen and an endemic disease found in natives of the .
"phosphate zones! of North Africa.

(2) A disease resembling Osteomalacia, endemic among herbivora in the

environs of certain factories in Denmark, France, Germany and Switzerland.
(3) Darmous, a~dental‘andﬂmandible‘disease.cndemic among‘maniand/herbivora
in the "phosphate zones" of North Africa. o o r
~ (4) Gaddur, a dental and bone disease among herbivora in Iceléndzfollowing
volcanice eruptions.
From animal experiments it has been learned that continued ingestion of
.8till larger amounts of fluorides impairs growth and reprcduction'and if
,ﬁ£hc amount is sufficiently large it will increase morfaiiﬁy.:fTﬁc experimental
=1 findings of several investigations on the chronic intoxication of rats with

sodium fluoride is gummarized in Table I.

1. Cale¢ium and Phosphorous Metabolism

Roholm1®0 observed no significent changes in the blood calcium

”and inorganic phosphorus in cryolite workers w1th varying degrees of osteo-
scler081s. Normal values vwere found by Greenwood et al44 for blood calcium,

_ ipprganic phosphorus and coagulation time in puppies'that.had‘becn fed fluoride
at levels (0.45 to 4.52 mgm/kilo of body weiéht/day);coﬁpafdble;to and higher
‘than that consumed by man in some of the "mottled teeth" areas. McClure and

Mitchell81 and Lantz and Smith66 found that growing rats on a diet that

contained greater than 0.05 per cent fluoride as NaF retained less calcium .

and phosphorus than did their controls and that calcification extended over

1 Cryolite is a rare miperal of the composition Na,AlFg found in workable
quantities only at Ivigtut, Greenland. Nearly tgree-fourths of the cryolite ™.
quarried in Greenland is shipped to Copenhagen for proeéssing and is used in .
the manufacture of aluminum. :

-~
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. a.long period of time. At this level of fluoride intake they also.found
that the Eatio Ca:P in the bones and in the feces was greater than nofmai.
That chronic fluoride intoxication has little or no effect on the coagula-
bility of the blood seems adequately. proved by Roholm et allol who found no
clinical evidence of increased coagulation time in cfyolite workers and

by Dyckerhoff~>

who found that fluorides retarded blood coagulation in vitro
but not in the animal body. o

It was postulated by Chaneles18 that the effects of chronic
fluoride intoxication on calcium metabolism and on the'chemicai composition
and microscopic structure of the teeth and bones were due to the influence
of fluoride on the parathyroid glands, however, later work by Hauqk;gp §l53-
and by Kick et 2;63 failed té show any consistent gross or,microscopic
changes in the parathyréids of rats or chicks that were fed diets containing
toxic amounts of NaF. |

2, Gastro-intestinal Tract

Aside from the lack of appetite that accompanies the weight ldss,
symptoms of chronic.fiuorine intoxication are sometimes seen which ;ndicate
direct action of fluorides on the digestive tract (vomiting and diarrhea) and
itsnaSSOCiated glands; especiaily when the fluorine is administered in the
form of a solution)or-wﬁen as solid salts it is not thoroughly mixed with the.
. food Roholm;oo. |

;-There is little mentiénAof histological changes in the_gastro—intestinal

tracts of experimentél animals when the fluorine dosages-are iéw, however,
Hauck et 9;93 foﬁnd minor hemorrhagesiin the pyloric mucous membrane of rats

. 110
:fed 0.15 per cent sodium fluoride for many months, and Slavsgold found

thickening and hyperaemia of the aboﬁasum (fourfh stomach of ruminants) and



_area around the -hepatic vein. in fluorosed:sheep Velu and Zottner

* were poisoned with sodium fluoride. to. the point of emaciation and found them to
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the first part of the large intestine of lambs that had been fed hay contaminatedl
with fluorine. ) L - : T L o .
,VOgilvie87 found indications.of increased mitotic activity and

a‘éfeater_width'of the interlobular and intwalobulaf septa in the pancreases M
pf.rais that had received intraperitoneal injections of 7.5 mgm NaF per kilo
per day for 100 days..

At the level of fluorine intake mentioned above, Ogilvie87 found s
no microscopic changes in the. liver, in accord with the findings of:Smyth

and.Smythllza. However, with larger doses of fluorides there seems to be

~definite evidence of injury.to the liver: fatty cell degeneration in the

125 and

various types. of degeneration of'the‘liver pafénchyma in:chronically fluorosed

95

. cattle Phillips, Hart and Bohstedt’”.

.Ogilvie88 found very definite microscopic changes in the parotid

and submaxillary glands but none in the sublingual glands.of. his chronically -

~ intoxicated rats. In the parotid gland the major changes were an increase

in the mitotic activity of  the alveolar cells, an increase in-the size of the
alveolar . nuclei with indications of fatty degenmeration.  In the subtmaxillary
glands there was vacuolization and unusual staining of the cytdpiasm and the
"type 2" cells had enlarged nuclei of irregular-shape..

The work of Constantin120 indicates that some of .the functions of
the gastro-intestinal: tract may be inhibited by chronic fluorine intoxicafion,_-m

He made extracts of the pancreas, stomach and intestines of :guinea pigs that

be less effectivé\in\sp;itting proteins than -extracts made from normal animels.

-

i 2
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3. Blood and Bone Marrow, Spleen and Lymphatic Tissue

Although the number of systematic investigations of the effect
of chronic fluorine intoxication on the bone marrow and ﬁhe blood is small,
the evidence obtained from thém seems to indicate that the ingestion of
large amouﬁts of fluorine over & long period of “time produces disturbances
in the normal activity of the bone marrow and thevproduction of red cells..
There is evidence that the white blood cell piéture is little affected if at allj//
. Agate et E}l-performed hemetological and radiological examinations
of a large number of workers in an aluminum factory in Great Britain and
of adults and children living nearby and found that the blood counts and
hemoglobin levels were within normal limits, evén in those factory workers
vwho showed definite radiological signs of skeletal fluorosis. In & systematic
egamination of cryolite workers in Greenland and Denmark, Roholm;po found very
slight changes in the blood counts of these workers; a very mild anemia
(7.8 to 9.8 per cent Below normal) normai hemoglobin levels and an increase
in the number of juvenile leukocytes. Pindborg et 55?7'found that rats
chronically intoxicated with fluoride showed & mild anemia concurrent with
a decrease in the iron content of the incisor teeth and the liver and an
increased excretion of iron in the feces. 'Rohqlmloo fed two dogg (1) 196 gm
of sodium fluoride and (2) 839 gm of cryolite over a period of nearly 20
months and found that both dogs had a severe anemia, an essentially normsl
white cell picture and a decrease in the number of platelets.: |

Pande and La1189 demonstrated a gelatinous degeneration of the bone
marrow in cattle fed 3.0 to 4.0 mgm per kilo of NaF daily for several months. .

The red marrow in the metaphyses of the long bones and ribs tended to disappear,
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hematapoiesis was absent from these parts and the animals were guffering

from a hyperchromic macrocytic anemia. Slavsgold%

10 found an strophy in
the méarrow of the long bones of fluorosed sheep of the same kind as that
found in starvation. 1In an autopéy of a cryolite worker who .had severe

~ osteosclerosis, Roﬁolm%og.found that there was red marrow in the diaphyses
of the femur and tibia. This hypertrophy may be = compensation,fqr-the&

general reduction in the size of the marrow cavity, however, Roholm feels that

neither the marrow changes-or the bloocd changes are secondary to the bone

.

changes, because he was unable to find any correlation between the degree of
“blood changes aﬁd the degree of osteosclerosis.

The only demonstrable change in the spleen. is an: abnormal deposit
of ferrous pigment; Roholml00 in an autopsy of a men who had been a cryolite
worker for 24 years and Leake and Ritchieés in dogs thét were given 125 mgm
of NaF twice weekly for 10 weeks.

Biester et 5}}1 found marked reaction of the germinative centers
in the mesenteric lymph nodes of dogs that had .been given 4.5 mgm per kilo
per day of fluoride for more than a year.

4. -The Kidney

| - All investigators seeﬁ to. agree that the kidneys begin .to show
microscopic. chenges at a daily level of fluoride intake which produces ;
very few changes in animals other than fluoride storage in the bones and
teeth and dental fluorosis in young animals. The lovwest level of fluoride
intake that has been shown to produce kidney changes in young adult male rats
is 7.5 mgm per kilo of NaF (given intraperitoneally for 100 days)"Ogilv;e87.
The kidneys of these animals showed an edema in the connective tissue between
the tubules of the lower half of the papilla suggesting amyloid degeneration.

There was increased vascularity of the glomeruli and of the medulla. At

a
[}
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higher levels of fluoride intake macroscopic alterations appear in the

3 found kidneys of rats fed approximately 50 mgm

kidneys; Hauck et al
per kilo of fluoride as NaF daily for from 1 to 10 months pale and hob-nailed.
Kidney changes ranging from a mild chronic nephritis to fatty degeneration

depending. on fhe dose- and the: length of exposure have also besn reported in

other species; dogs, Biester_gg_gl}l, pigs, Kick et 2102

, guinea pigs,
Marconi71 and man, Roholm190,

- That there is interference with- the function of the kidneys at
fairly high levels of fluorine intake has been shown by Gottlieb and Grant42,
who gave intravenous injections of 5 to 20 mgm per kilo of NaF to dogs. The
output of urine was increased as #ere the urinary outputs of chloride and
nitrogen. The urine was distinctly alkaline. The thirst and simultaneous
polyuria seen in expefiments-with pigs Kick;gﬁ;ggéz and McClure and‘Mi_tch‘ell80

may be considered a sign of renal irritation.

. 5. The Endocrine Glands

(a) The Thyroid Gland and the Basal Metabolic Rate

Some of the earlier investigators claimed that animals éﬁ low
fluorine supplements for long periods of time showed the following changes
in the thyroid gland: (1) a persistent struﬁa—like swelling in the throat
of a dog Maumen® "4 (1854), (2) a five or six-fold increase in the size of
the thyroid glands of white rats that had received 2 to 3 mgm of sodium |

fluoride in their food for 6 to 8 months Goldemberg3' (1921), (3) a

-prolifefation of the parenchymatous tissue of the thyroids of guinea pigs

which had died of fluoride poisoning Christiani®t (1930). Goldemberg39 in
1930 further sfated that the basal metzbolic rate of white rats on a small

fluoride supplement for 6 to 8 months was lowered from 12 to 63 per cent of
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normel. These 6bservations prompted him to set forth a theory that mild .
fluorosis Qf long duration was the cause of endemic goiter and to suggest
the treatment of thyrotoxicdsis in humans wifh Na¥F. In 1923 he also claimed
,fhat the growth inhibition in young rats on fluorine supplements.was a form
‘of cretinism and called this condition "ecretinism fluorique" .Gdldemberg38.
| Subsequent iﬁvéstigations have failed to bear out much of the
above cited work and Goldemberg's theories on the cause of goiter and cretinism’f
-hAve been fairly-wellvdiécreaited,- in 1935 Phillips and his co—workers?2’93
. found normal BMR's for rats fed sufficient NaF to produce.emaciatioﬁ in six
weeks and instead‘of ‘being antagonistic:to,thyroid hormone simultaneous injections
,of.sqdiﬁm3fluoridé‘and.dessicated‘thyroid-were found to be more toxic than when
either substance was giﬁen alone. -In work reported in the early 1930's neither
Chaneleé18 nor~Phillips-and=Lamb96scould.find any significant Qicroscopic
changes in the thyroids of the rats that were fed 15 to 30 mgm'pe‘_:f_ kilo of
fluoride for many weeks. They foundVslight{parénchymatous proliferation and -
occasional signs of Tibrosis in about one-half: of th;ir experimental animals,
 but also in lOlto.l5 per cent of their controls.” At high levels of intake
(0.043 per ceént of NaF in the diet) they found thjroid changes similar to those
. found in prolonged,starvation., Mqre recently.Ogilvie87'found slight ré&uctiqns
Cdn the- size of the nuclei and the amount of cytoplasxh, in.the epitﬁelial cells
~. lining the follicles. Biester;gﬁig;ll in feeding experiments on' dogs found |
thyroidal changes resembling those of animals in é state of’ severe malnutri-
tion. |
Chang_gp'g;}g_report tpat~the fluorine content of the thyroid
gland in a cow that had been subjected t0*ch}onic fluoride intoxication

for a long time was increased 24-fold.. Evans and Phillips?? determined -
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the fluorine and iodine contepﬁs 6fvthe thyroid glands of about

forty patients undergoingﬂthyroid surgery aﬁa found no correlation between
the fluorine content Qf_the gland and either the basal metabolic rate of
the patient or -the iodine content of the glaﬁd. Murray“gﬁngsé were unable
to find any correlation between endgmié.goiter and fluofosis.

The earlier investigationsfmust be viewed with caution because
technical details are scanty, there are no photomicrographs of their histo-
logical preparations availablevfor"stﬁdy and they did hot seem to have
adequate control for their work. .

(b) Other Endocrine Glands .

Pa:athxroid—Some mention of the parathyroid has already been made
in the section deqling with calciun metabolism. Further emphasis should bé
made here, however, that no significant changés,in.the parathyroids have
.been noted in fluorosed animals and that there is no evidence to support the
theory that the effects of fluoroéis on the bones and teeth are mediated by
the parathyroids. - |

Hzpophzsig—Phillips and Lamb96 found the size, gonad—stimulating
function and microscopic structure of the hypophysis normal in all of their
animals at all of the dietary fluorine levels tested. . .

AgggnglgeOgilvies7 found the adrenals of his animals normel in &ll
respects. At higher dose levels Phillips end Lambgé‘found the adrenals slightly
increased in size andvé_tendency towards hyperemié in the zona reticularis
of the medulla.

. Testes and Ovaries-A certain tendency towardé atrophy of the

testes and possibly .of the ovaries was seen by Phillips and Lamb96vin

rats receiving 20 to 30 mgm of fluoride per day. Hauck and her co-\‘rprl\:erss3
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found considerable atrophy of the germinal tissue of 'the't'est-es with an .
almost complete absence of Sperm in animals on a diet coritaining 50 mgm
per-kilo of fluoride. Phillip59l showed that there was a reduction of
férti;ity'or a cessatioﬁ'of reproduction:in fluorosed rats that seemed to
be seéondary to the general syStemicfreactionvto fluoriney éséecially when
the intoxication interfered se;iously with’nutritiqn.

6. Other Tissués'and~0rgan5'?

Biester_gp;gl}l?fOUnd fatty degeneration of the myelin sheaths

of the spinal cord in fluorosed dégs’ on diets low in Vitamin C. The only
other observations of an adverse chronic effect of flubrine_ihtoxication
of the centrél’ne}vbus;systémfor on hgrvous tissue a?e those of Taylor122
~and Leake and Ritchie63liwho'ndtedﬁa;certain irritability ‘in their experimental
animals after long periods of ingestion of fluorine compounds.

At moderate levels of fluorine -intake, Biesterll (4.5 mgm/kilo/day h
“in-dogs) and Phillips and'Lamb96-(20 to 30 mgm/kilo/day in rats) found no
other significantly consistéﬁt'histological changes iﬁ any other tissues or
‘organs than those alreadi covered in these pagesi.

7. Dental Tissue '

The effects of chronic fluorine intoxication' on the -teeth have
“been thoroughly studied and there ié far reaching agreement among the results
" of -the various investigators. - Since this study of fluorine and its physio-
- 10gi¢al‘effects ié not primarily concermed ‘with the changes in the teeth in .
chronic fluorosis, the subject will be touched upcon here very briefly and willh
~ be limited to a description of the changes produced in the teeth of rats.

' The reviews of RoholmlO0, Greenwood43 and McClure79 as well as the conferences

A
-

held by the American Association for the Advancement of Science?75,106 cover
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‘the fields of study.involving the relationships between the fluorine
intake, déntal caries inéidence and the occurrence of "mottled teeth"
in child:en most adequately.

(a) Gross Changes -

" The gross changes depend upon the amount of fluorine compound in-
gested, its nature and the method of administration. At the lowest dosage
levels the normal orange pigment of the .incisors of the rat disappears. The
enamel becomes lighter, loses its lustre and finally becomes a chalky white.
Larger doses result in hypoplasia of the enamel which loses its strength and
‘begins to chip off.. The: sharp edge of the incisors wears off .and Secomes almost
flat; the incisors-may~becqme worn down almost to the.gums. Often one of the
- incisors may break and the loss of functional attrition is followed by elonga-
tion of the opposite tooth. Position ahomalies;may also be present Roholmloo.

The lowest levels of intake produce alternating rings of faulty
enariel ‘and normal: pigmented enamel. Intermittent iﬁjections;of fluorides
will cause. the appearance.of these alternating bands.. .

.The threshold fof producing the~alternately,pigmented and color-

- less bands in the rat incisor that are visible with a hand: lens is about
0.1 mgm per kilo per.déy of fluorine. With twice this- intake the striations
. become visible to the naked eye and at an intake of 1 mgm per kilo per day
the most marked changes, with'chipping of the:enamel occur Smith and
Levertonll2, The smallest doses must be given fof from two. to three weeks
before the changes first become recognizable in the rat incisor. In the

molars of rats as in animals whose teeth do not grow from a persistent
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pulp,:dental.change5‘§1e~limited,to those parts of the teeth that calcify
during the peridd of fluorine'ingeétion.'

Murray85 found a sighificant correlafién;betweeﬁ the state of
nutrition and the severity of dental fluorosis. :Using the same water
supply in an area of endemic fluorosis in Morocco she found much more

severe dental damage in thenative. Moroccan: children on a poor diet with signs,'
of malnutrition than in healthy European -children on an adequate diet. g
Histological examinations of the teeth of. fluorosed animals have

‘been made by Bethke et 2110 and by Schour and Smith105 among others and in

general the descriptions agree quite well.” The characteristic features are:

- (a) calcification, a disturbance in the calcification of the dentin which

shows an abnormal interglobular-texture and an-accentuation of the normal
- stratification consisting of pairs of light (eosin-staining) and dark
(hematoxylin—staininé) laYers, an accentuation of the normal incremental
. stratification of the enamel matrix and a:tendency for the enamel to persist ~ .
in the immature acid-resistant stage of:calcification.  (b) Appositional
growth, there is a disturﬁance in the appositional activity of the amelo-
blasts as evidenced by fﬁ&thmically'recurring~local arrests in enamel forma-
-tion. The zmeloblasts tend to be .short and the epithelial.papillée become
- irregular in both number and arrangement.- The.dentin:shQWSm&nalogeus, but
less fréquent effects in the presence;of vascular inclusions Schour and
,,Smithloé._, I e , LT . .
(c) . Chemical Composition
4 There-is general égreement among - the many investigators that
chronic fluorine intoxication results in an incfease in the fluorine content
of both the éﬁamel and dentin. There is considerable doubt as to whether

there result any changes in ash content or in the Ca, P, Mg and CO, content

v ™
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of the teeth in fluorosis, although there are indications that the ash
content and the ratio Ce:P may be lowered Smith and Lantzlll and Hauck
et al54 Phillips et al95 by studylnv x—ray spectra found that the crystal-
Llne nature of tooth ash is similar to fluoraoatlte. Enamel and dentin
from normal cows in general gave spectra g1m1lgr to that of cows intoxicated

w1th lluorlne.

8, Osseous Tissue

The 1nvest1gatlons in thls ndrtlcular field have‘been comnllcuted
bj the fact tlat the varlous exoerlmental animals do not seem to react in
qulte-the Same- manner. In view of thls, empha51s will be placed on the
findinge in the ra£3 Qlth but brief 1nd1catlons on the results with other
soecios. C . _ L o - . :
(a) rGfoés Cheeges'

When McCollum et a183 descrlbed for tne first time the characteristic

’dental chanées in tne rat, they also observed certain abnormdlltles in the |

cranlal bones.‘ The color seemed to be whlter than usual and the quality
poorer, The surface was sllghtly porous and lacked the usual lustre. Bethke
et allo vere unable to show measurable dev1dtlons in the dlmen51ons of the
cranial bones, although the mandibles seemed to be_shorte? than normally.,
In young rats.on a diet with 0.1 per cent of NaF Lantz and Smith66 described
a short.stunted bulld'and curved legs. Iﬁ cows»Phillips:eE'§l95 saw con-
siderable chaﬁgee: the bones were softer aed ﬁhickef ﬁhaﬁ‘normally and in
all.of‘the small joints fhere was.calcificatioﬁ of the'cartilage. In men
Robolmloo ?ound ca101f1catlon of the llgaments and in advanced cases a re-

ductlon of moblllty of the vertebral column and splne.
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(b) The Threshold for Skeletal Changes

It‘is in£eresting to'nofe £hat_whilé ékeietél changés are rare
in areas in the United States where the fluorine cpﬁtent of the drinking
wa;er is high, they are_quite’comﬁon iﬁ certain disificts iﬁ‘india. The
reason for this discrepancy seems to lie in the fact that a'cértain'amount
of fiuorine in the water (8 p.p;m.)'whiéh‘in itself ﬁill produce only dental
anomalies, will in combination with either dietafy'defiéiehcies (Vitemin C
or D) or renal_dqmage produce taﬁéibie skeletél injuries Pandit et §}?O.
In one case of skeletal fluorosis ggpgrﬁed’in the United Staies, there was
g chronic pyelonephritis Bishoplz, Bauer Ef 355'and in another case the - -
péfient was éuffering frbm uremia Linsman and'McMﬁrray69. |

The findings in spontaneous and éxperimentél fluorosis are in
part contradictory. The bones of human patients are described as sclerotic
and on the other hand osteoporosis and "osteomalacia” have been reported in
experimental animsals. These'cqhtradictiqns ha&e in part been explained by
differences in dosage and age. Small doses may be said té produce sclerotic
changes in adults, where&swlargevdoses,prodncsmdostéomalaciaﬁ*inhyoung
animals Weinmann and Sicherl30, |
(c) Histopathology |

Dittrich22 bublished’histological studies of the vertebral columns
and long bonesvof young rats, rabbits and guinea pigs ﬁh;ch had been given
large améunts of fluorine fér about 3 mqnths_(léo ﬁo 250 mgm/kilo/aay of NaF). ™
In the young rats there was disturbance.iﬁ the'ossificationvof the femur in -
| the epiphyseal liné witﬁ inhiﬁition 6f longitudinal grqwth: The palisade
zone lost-ifs columnar arrangement and cancéllbus bone atrophied under the

formation of cavities. In the diaphyses of the long bones the number and
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size of the Havefsian canals were increased and the lamellary structure
around the canals was indistinct. Increasing dissolution and irregularity
of the bone substance towards the medullary cavity was observed. In animals ...
killed following a period of incregsed ¢calcium intake after the fluoride
was withdrawn reparative changes were observed. At lowér'lévels of fluoride
intake (50 mgm/kilo/day) young rats showed no unusual bony changes after
thrée to five months. Aftér one year or more the fibrils of the matrix showed
irregglarities-and among the. fibrils numerous dark-staining granules were
noted. Rats that were given 75 mgm NaF per kilo per day developed an abnormal
amount of osteoid tissue around the Haversian canals. No osteoclastic activity
was noted. Rats on a 'diet low in calcium died after one to two months
administration of fluoride and demonstrated a marked generalizgd osteoporosis
'Sutrollgl

Weinménn' and SichertC summarize the bone findings as follows:
"There is, in all animals, a greatly increased osteoclastic resorption of
| the premorbid bone. In the shaft of the long bones, the compact layer has
either disappeared or has been broken up into an irregular network of trabeculae.
The ‘destruction of the bone proceeds eccentrically toward the periphery. At
" - the same time;  regeneration and éom?ensatory formation of new bone produces
& covering of spongy bone which is immature and coarsefibrillar. The forma-
‘tion of these osteophytes which has evidently started 6n the periosteal surface
of the premorbid bone'progresses‘r&pidlY’in young animals. Evidence of this
rapid ‘growth are the numerous and continuously arranged osteoblasts and the

wide borders of osteoid tissue on the peripheral trabeculae."
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PRODUCTION AND STANDARDIZATION OF F*& | -
The fluorine isotoﬁe used in this series of experiments was Fl8
which is radioactive with a half-life of 112 minutes Snellll3, and emits

positrons with a maximumn energy of 0.64 Mev Biaserfet.al;3

. . F18 was pro- .
duced by the bombardment of‘fractionally distilled water from -the Cutter
Laboratories with 28 Mev alpha-particles on the»60ﬂ cyqlotron at fhe-Cxocker
Laboratory by the reaction 016 (},pn)Fls. The yield from this reaction av-
eraged 750 microcuries per microampere hour bombardment.l ‘
Water was used as thé taygethmaterial; because‘it was easy to
handle and there were no other activities induced by alpha-particle bombard-
ment with half-lives of more than a few minutes. The target water was bom-
barded in a small all-glass cell with a thin window (less. than 100 mgm/cm?) .
During the bombardment the target cell was cooled by a stream of cold air
blown onto the back of the chamber and fitted with a water-jacket condenser -
to prevent excessive loss of the target material by evaporation. The éy0101
tron beam intensity was monitored by.paésing a copper wire through the con- '
denser into the target'cell and measuring the current in the water. In
order to avoid thermal damage to the thin window of the ta:get cell during
. the,qubardment, the cyclotron beam intensity was limited to less than 6
microamperes. Figure 1 shows the targetfcell_and cyclotron window assembly
set up for bombardment.
After a brief interval to allow the short-lived activities produced
to decay away, the target material wasatransférred-to,a.be&ker, 350 micro- )

liters of 1.5 N NaOH was added and the resulting solution evaporated almost

1 One microampere hour of alpha—partlcles equals 3 x 1012 incident particles
per second for one hour. =



Water cell and cyclotron window asscibly used for
, the production of FLC,
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to dryness. After cooling, an equal amount of 1.5 N HQl was added to bring
the solution to pH7. * Distilled water was added so that the final volume of

the solution was 3.5 ml. The above concentrations of the solutions of NaOH

_and HCl were chosen so that 100 microliters of each solution when mlxed to-

gether and dlluted with 0.8 ml of distilled water would produce 1.0 ml of

neutral isotonic saline suitable for injection. The stock solutions of NaOH
and HCl,were assayed for fluoride by the firm of Curtis and Tompkins and
were found to oOntain an amount of fluoride such that 1.0 ml of.oeutral iso-
tonic saline prepared from them contained O. 15 micrograms of stable fluoride.
These stock solutions of NaOH and HCl were used in all of the F18 prepara-
tions in the experiments to be described here, with only one except;on which

will be mentioned later. Depending on the nﬁmber of animals used in each

experlment the volume of F18 solution administered to each animal ranged

A from 0.5 to 1.0 ml which corresponded to the adminlstratlon of stable fluoride b

in amounts ranging from 0.075 to 0.15 micrograms. Despite the presence of

-the small quantities of stable fluoride present in the Fl8 preparations em—

ployed in these experiments, they will for practical purposes be considered
essentially carrier—free.1 For the. sake of brevity F18 solutions prepared .
by the method and the reagents deseribed above, containing variable quanti-

tles of F18 and Q.15 micrograms of stable fluoride per ml, w1ll be hence—

~forth de51vnated simply as Fl8

The half-life of all Flslprepgrations was checked with a decay -
curve for at least eight hours and'iq the early preparations for 24 hours.
At no time was there evidence of the presence of any long-lived contamin-

ants. The positran energy was determined in the early preparations -as 0.67

Mev by mass absorption in. aluminum, a value that'agreed quite well with the

1 A carrier-free preparation of a radio-element is one in which all of the atoms.

of the. element are radioactive.

-




-35-

value of 0.6, Mev deté;mined.by Blasertfplgl}B.'

The-éctivitynof:allfsample§ﬂwastdetermined~by taking advantage of
the 0.5 Mev photons produeéd'by*the:annihilétion of. the positrons. All sam-
ples were placed in tin bottle caps and were covered with-a 250 milligram
aluminum filter to absorb the positrons. The counting device employed was
a scintillating sodium iodide crystal gamma counter designed for use with a
Tracerlab "Autoscaler" as described by Jenkins?*. The sensitivity of this
instrument for 0.5 Mev photods when the sample is 4‘cm from the crystal was
such that 2000 c/s represented 1.0 microcurie of FL8,

During the assay of samples a standard quantity of Fis, 1/100 of
the.aose administered to the experimental animals; was counted hourly and
corrections made for deéay.

All samples were counted until at least 512 counts had been accum-
ulated. For a total of 512 accumulated counts and a ratio of total counting
rate to bac#ground cqunting rate of 1.5 or less; the errof introduced be<
cause of the statistical nature of particle counting is greater than 10 per
cent. Ghelardi and Brown34. ‘This situation arose in the‘counting of_some of
the samples in'experiments.that took long periods of time, apbroximately five
or more half-lives, w@gn decay and excretion had reduced the radioactivity
present in some of the soft tissues to very small quantities. It was felt
that an error of 10 per‘cent due to counting alone when added to the error
introduced by na?urallbiological variation would raise some doubts as to the
validity of conclusions drawn from such assays. When the counting rate of
a semple was found to be less than 1.5 times the counter background, the per
cent of the administered dése of F18 will be shown as less than a certain
quantity. This qﬁantity is the per cent of the dose that represents one-half

of the counter background. For example; if at any given time the counting
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rate of the administered dose was 20,000 ¢/s and the counter background was
2.00 ¢/s, one-half of the background was equal to: 0.005 per cent of the dose,
.then all samples for which the total counting rate was less then 3.0 c/s

would be shown as '-containing < 0.005 per cent of the administered dose.
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MATERIALS AND METHODS

(a) Experimental.Animals'
. All of the animals used in this series of experiments were female
rats qf the Loné—Evéns stfain. When the aﬁimals.ﬁere used they averaged
185 gfams in weight (range 155 to”2lg grams) corresponding to a range in
age of-from 8 to 13 weekgq Female Long-Eyaqs rats in this age range afe
coﬁsidefed to be‘almost mature (young;adults), since the age at which rapid
wéight;éainfEease§andﬂmqstfof fhé'épiphysés cloée has beén shown to be about
11 to 17 weeks'by Simpson et a1109. In general Fl8 was injected into the ex-
ternal jugular vein while the‘animalsrwere'undef light«éther anesthesia and
the incision was closed with metal wound clips. Folloﬁihg the injections
animals were place&'in metabolism cages in lots of from three to five and
were given water but no food. B
(b) Diet

The animals used in éxpgrimengs (1) through (5) were maintained
. on tap waﬁer and a pelleted stock diet comparable in composition to the
"Diet 14" prepared by the University of California Instiﬁute of Experiméntal
Biblogy. The composition of "Diet 14" is given in Appendix I. Both food
and water were given ad lib. An analysis of the feed by the firm of Curtis
and Tomﬁkins showed it to contain 16 p.p.m. of fluoride. On the basis of
a daily intake of 8.5 grams for every 100 grams of body weight fhis would
améunt to a daily intake of 1;36 mgm per kilo of fluoride. According to infor-
mation received from the East Bay Municipal Utility'District24, the Berkeley
water supply which is derived from the Mokulmne River draihage contained no

greater than 0.03 p.p.m. of fluoride as of June 1, 1952.
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TABLE .2
THE NUMBER OF AWIMALS PER GROUP AND THE AMOUNT OF Fl8
ADMINISTERED TO EACH RAT IN MICROCURIES PER GRAM OF
BODY WEIGHT. L : ’
1/4 hour 1 hour /4 hours ' * 9 hours

Descrip-'No;' #cF18/en No. /ﬁcFl8/ém No. ~cF18/zm No. ,4CF18/€m
tion Rats body wt. Rats body wt. Bats  body wt. Rats body wt.

young 5  1.25 10 1.20 10 0.69 12  1.45

adults -
I.V., ad-
ministra~
tion

G.I.
operated : 5 0.7

ephedrine 5 . 0.93

young . . 5 0.68 5 3.56
adults

oral admin-

istration

\n

2.59

A8+ 2.23 " | 3 2.43

carrier

pregnant : 2 1.57

W

lactating 2.62

fluo- 5 049 5  0.22 5  0.63
rosed

mature

control - ' 4 0.66 A 0.59 5 0.68
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The composition of the semi-synthetic diet fed to the animals in

experlment (6) is shown in Appendix II. This diet aopoared to be adequate,
since the growth curve obtained for the control anlmals closely followed
the curve for the growth of female rats of thls straln obtalned by the Univer-
51tyrof California Institute of Experlmental Biology using "Diet 14" which is
considered adequate to support normal gfowth and developmont. An analysis of the
‘ purified diétﬁused in these experiments made by Cﬁriis and‘Tompkins showed that
if coptéined 8 p.p.m;fof fluoride. In.the case of thé control ahimals this would
emount to a daily intake of 0.5 mgm of fluoride oer kilo of body weight, assuming
that the dally food intake was 15 grams per rat. Tho occurreﬁoe of fluoride in
the diet is probably due to small amounts preoent in the chemicals that were used
to prepare the mineral mixture, especially the NaCl and KCI1. |

The mineral mixture used is & modification of that devised by Hawk and
) Oser35. The most serious modifications were the omission of NaF which they add
to thevmixture“so,that the final ration contains 10 p.p.m. of added fluoride and
the inclusion of & smali amount of Cu804 to thé_diet, an addition recommended by
Griffiths snd FarrishS. N o |

Table 2 summarizes the number of rato in each experimentel group, the
"avefage body‘wéigh; for the group and the amount of Fl8 administefod to each
“rat in microcuries. |

(e) ,Calculations. (Calculation of the per cent of administered dose of F18 in the
total blood, muscle, skeleton and balance )

' In the case of- muscle and blood, the totsl F18 contents were calculated
‘éséﬁming that these two tissues correspond to 45 per cent and 7 per cent of

the total body weight respectively.l When red blood cells and plasma vere

1 These figures have been found to be reasonably accurcte in the experlence of
this laboratory, Scott and Hemiltont



_glandular tissue, lymphoid tissue, fat, nervous tissue, urinary bladder and

~Lo-

assayed separately a hematocrit of 50 was assumed. Theroaloulations vere made
as follows.

per cent Fl in muscle 0. 45 x body wt. x per cent Fls/gm of wet tissue.
per cent FL8 in blood = 0.07 x body wt. x per cent F18/ml whole blood.

The F18 content of the entire skeleton (1nclud1ng the teeth in the
experiments in which.they were not removed) weslesfimeted-from:the calculated :;
wet weight of the skeleton and the per cent of Fls per gram of.wet bone ob-
tained from the leg bone eamples. The wet/weight of the skeleton was obtain-

ed by ashing the skinned eviscerated oarcess in a muffle furnace, removing

the soft tissue ash by washing with water and drying and weighing the bone

“ash. The wet weight was then calculated as follows:

wet wt. of skeleton in grams — _ash wt. of skeleton in grems,
0.366

where the ash content of young adult female rat bone from which the fat has
not been removed is 36.610.71 per cent Ray and Asling9. The per cent of
administered F18 in the skeleﬁon was then calculated from the wet weight of .

the skeleton.

per cent F8 in skeleton = wet wt. skeleton (gms.) x per cent Fls/gm wet
A _ bone.

The per cent of the administered F18 in the muscle, bone, blood and
cartilage samples was added to ﬁhe per cent of dose for the eviscerated; skinned
carcass. From this "total carcass" were subtracted the values obtained for

total blood, muscle end skeleton. The remainder which varied considerably.

from 2.8 to 13.5 per cent of the administered dose) has been designated as .

"balance®, This consists of tissues such as:: connective tissue, cartilage,

-

blood vessels.

5
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(1) Studies on the Distribution of iIntravenously Administered F18 in Young
Adult Rats.

In order_tq Aeierminegthe rate’ofvdisappearanée of F18 from the
blood, 35 rats were each given F18 intravenously and were sacrificed in
groups of five at the following time intervals: 1, 5, 20, 30, 45 and 60
minutes after>injection.' Blood was_withdrawn‘by_heart puncture and red cells
and plasma were separated by centrifugation; One ml of packed red celld and
one ml of piaSmavwere'assayed foerls. |

. Largé scale-tracéf studies on tﬁe distribution of F18 in the rat
-were set up and two lots of rats were used. The first lot consisted of 21
animsls and the second of 16 animals. The animals in the first lot were
" given Fl8 intravenously and were sacrificed according to the following scheme:
five animals at 15 minutes; 1 hour and 4 hours after the injection and two
groﬁps of three animals, 9 hours after the injection. At the sacrifice of
- the animals a blood sample was taken by heart puncture and the pelt was re-
moved. The following tissues and organs were removed and weighed: lung,
liver, kidney, spleen;.stomach; small intestine; large intestine, cecum, the
_femur; tibia and fibula of the right hind leg; (hereafter referred to as
boﬁe), muscle from the right hind leg; pancreas;.brain, cartilage from the
xiphoid process, lacrimsal glands; cervical lymph nodes, parotid glands,
thyroid and adrenals. The skinned eviscerated carcass was ground in a meat
grinder and diﬁided into several portions for assay. The contents were re-
moved from the stomach and intestines,and the empty gastro-intestinal seg-

ments and their contents were assayed separately. The pelt was weilghed and
approximaﬁely one-fourth was assayed. The extremities and bodies of the bones
were counted separately. The small tissues and those for which it was anti-
qipatéd t@at the F18 content would be low were pooled in order to increase

the weighing and counting accuracy; these were pancreas, brain, spleen, salivary
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glands, lacrimal glands, lymph nodes, thyroid,~adrenalﬁanq cartilage. -
The second lot of animals were givenwFISEEniraveﬁously and sac=-
rificed in groups of fige at intervals of 1 and 4 hours after injection and
two groups of three animals were éacrificed'9 houré 'éfter'inject.ion0 The
procedures.folldwed were ﬁhe same as those deséribed‘except thaﬁ in addition
to the above mentioned tissues and'organé, tﬁe mdlaré,'incisors and mandibles
were also taken. The results for the two-series of experiments were pooiednl

(2) sStudies on the appearance of F18 iﬁ thé Géstfé—intestinal Contents of"
- the Rat Following Intravenous Administration.

ST e

This. section of the work is an extension of the ‘preceding section

Fl8 on the gastro-

and was designed to shed further light on the presence of
intestinal contents following the intpavenous-Administration of-FlB,

In the first half of this experiment five animals that had been
fasted overnight were given 10 mgm per kilo of ephedrine é;lfate intraperi-
toneally. Forty-five minutes later they were given Fl8 intravenously and
were sacrificed one hour  after the F18 injection., At autopsy the following ‘
tissues and organs were takeng blood, stomach, small intestine, cecum; large
intestine, bone, muscle and skin. Excreta werebﬁbllected, urine mainly from
the bladder. The contents were removed from the stomach and the smdll: and
large intestines. |

In the second-ha;f~of this experiment five animals that had been
fasted overnight were put ﬁnder deep ether anesthesia, a midline incision
was made in the abdomen'ahd ligatures weré placed around the cardiac sphincter,”
the pylorus and the'iaile-duct° The operation was performed as rapidly as
1 The per cent of P8 in thé molars and incisors as determined in the second

series of experiments has been subtracted from the per .cent of F18 found

in the skeletonssof the animals in the first series so that the results of
the two series might be combined. . .
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possible and on the average took about ten minutes. The gut was handled

- with utmost care and was kept moist throughout.the operation., After
suturing the abdominal muscle and the skin, .the animals were given F}B
intravenously. One hour after the operation and injection the animals

were sacrificed and tﬁé tissues and organs taken were the same as above and
in addition included liver and kidney. Saliva samples were obtained from
the mouths end throats of three of the animals with cotton swabs. Although
there was no appreciable.blood loss during the operation, there was seepage
of a bloody fluid into the peritoneal cavity afterwards.

(3) The Distribution of Orally Administered Fl8,

Fifteen rats that had been_fésted overnight were given 2.0 cc of
F18 golution orally by sﬁomach tube followed by 1.0 cc of saline wash. These
enimals were sacrificed in groups of five qt interyals of 1, 4 and 9 hours
after the administration of F18. The tissues and organs taken and the
sampling and counting techniques employed were the same as in the experiments

described in the second paragraph of section (1).

(&) TheF%gfect of Milligram Amounts of Stable Fluoride on the Distribution
of .

Eight rats whose body weight varied leés than 5 grams from each
other were given a mixture of F18 and stable fluo}ide as NaF intravenously.
'The injected solution was F18 in isotonic NaF and was given in sufficient
amount so that each rat received 10 mgm per kilo of stable fluoride. (These
experiments will be referred to later as Fl8 plus carrier). Five of the

animals were sacrificed 15 minutes after the injection and the other three,

9 hours after the injection. The tissues and orgahs sampled were the saﬁe
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as those listed in the second paragraph of section(1). -

" (5) The Maternal Transfer of F-8

Two pregnant rats were given F18'intravénouslyutwo'days before
term. They were sacrificed one hour after the injection and the following
tissues and orgahs were taken for assay: blood, liver, kidnéy, gastro~intestinal
tract, muscle, bone, pelt, fetuses, placenta, uterus and amniotic fluid and
excretions. Despite the fact that only two animals were used the results
are considered semi-quantitative, since sufficient activity was administered
to eliminate serious errors in counting. At the-time the samples were |
(counted one per.cent cf*the dose was 370 c¢/s.-

Tﬁree.fats with 16 day old litters (litters were reduced to six)
were given Fl8 orally by stomach tube. Ordinarily animals receiving material
-by stomach tube were fasted overnight, but fasting the animals was considered
' ﬁnwise in the particular case, since lactation alone places the animals ’
under considerable strain and there was the possibility of #hegmothers de-
vouring some of their young, if food were withdrawn. Although-more control
" idata was available on.the distribution of L8 administered intravenously,
llt was con31dered adv1sable to glve the materlal in such a fashlon that the
;vanlmals would not be sub;ected to the trauma of an operatlon or ‘the after
c;f effects of anesthe51a, in whlch case they mlght not allow thelr young to
nurse. Excretlons were not collected because the anlmals were allowed to
remain in thelr stock cages where they had made their nests,‘agaln to avoid .
any clrcumstances which might dlscourage the mothers from nurging their
yoﬁﬁg, The mothers and their litters were secrificed‘fcuf hcurshafter the
administration of F18 andvthe following werebtaken'for assay:” maternal

blood, liver, kidney, gastro-intestinal tract, muscle, bone, skin and
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mammary tissue.  Gastro-intestinal tracts and- samples of* leg bone were
teken from each nursling and were pooled for each litter. The carcasses
~ of the nurslings were counted separately.

(6) Studies on Thyroid Function and the Distribution of F18 in Rats
Chronically Intoxicated with Fluoride

Fifty-five Long-Evans female rats approximately nine weeks of age
(150 gréms in weight) were divided into 11 groups of five andiwéfe placed
in stock cages. The animals were maintained in two lots, é5 control animals
that were given the semi-synthetic ration, (see Appendix II), and 30 experi;
mental animals that were fed this same ration to which NaF vas added. Each
group Qf:fiﬁé rats received 75 grams of food daily or an avefége of 15 grams
of food per rat. Tap water was given ad 1lib.

Sodiuﬁ fluoride was added to the food of the experimental animals
in sufficisnt quentity so that the average daily intake for eaéh.cage of five
rats waé 20 mgm of fluoride per kilo of body weight. All of_the animals
were weighed every 7 to 10 days at approximately the same time 6f da& and
tbe NaF content of the ration was adjusted for any weight changes in the
experimental animals. Great care was taken to mix the fluoride supplement
intiﬁately with the food, since according to RoholmlO0, this precaution re-

. duceé or preventé damage to the gastro-intestinal tract. B

Twenty mgm of fluoride per kilo per day was the daily fluoride
supplementvchosén, because it~has been shown bvaamb‘gg 3;65’933 and McClure
and Mitcpellgl that a daily intake of fluoride of.greater than 20 mgm per kilo
produced serious disturbances in the tissues of the rat other than the bones
and teeth. Since the major purposes of the experiments Qere to determine

whether or not there were any disturbances in thyroid function at this level
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of fluoride intake or changes in the manner in which .a chronically fluorosed
rat handled F18,.it was considered desirable to give a fairly large amount
of fluoride and at the same time to maintain them in a state as close to
physiological as possible.

The control animals were maintained on thé pufified diet and the
experimental animals on the purified diet.with the fluoride supplement for
‘an ave?age of 18.5 weeks. (Two control animals died'invthe'firsérweeks ’
of the experiment and one exﬁerimental animal escaped from the cage and was .
lost). Sdme‘of the animals were used as éarly as l7vweeié after the start
of the experiment and others were kept for as iong as 20,5 weeks. This
bdisérepancy arose‘because of the difficulties involved in'thélécheduling of
cyclotron bombardments. At the end of the feeding period some éf the animals
were given I131 to stﬁdy thyroid function and the rest were given F;g.

(&) Ten control animals and ten experimeﬁtalnanimals’weré eé@h}given 10 ~
microcuries ofvll31.intravenou_.sly° Five experimental animals and five con-
'Itrols were sacrificed one day after the I3l injection and the five experi-
mental animals and five controls were sacrified twﬁrdays after”%he injection.
"At autopsy the thyroid, blood, pelt, gastro—infestinal_tracté carcass and
excreta were assayed for I131, The blood was separated by cqﬁtrifugation

and the'red cells and plasmé'were assayed separately. Thé peltg were divided
into four portions.all of which were counted. The gamma ray activity of

these Samples was meASuréd on the same counter as was used fqr'fhe measuremen%
 of F18, )
(v) Fof'studiesfoﬁ the distributiemn of‘Flsiin.fluorosed animals and

their mature controls, the remaining animals were given F18 intravenousiy°

Groups of five experimentai'aniﬁals were then sacrificed 1, 4 and 9 hours
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after the injection of F18 and groups of four contrdél animéls were sac-

rificed 1 and 4 hours after the injection ana five. control-animals were

sacrificed at 9 hours. 'The tissues and organs samplea and'ihé techniques

employed in this series of six expériments were esséﬁtially the same as

those described in section (1) except that the FL8 contents of pancreas,

brain, spleen and lungs were not determined and that there was no differéntia—

tion made between the extremities and bodies of thé'bonessampled° In addi-

tion several other measursments were made. The length of the femurs of

five fluorosed and five controls were measured from the end of the head to

" the most prominent portion of the medial condyle. After ESSaying for Fi8 the
bone sampleé from 10 of the fluorosed and 12 of the control animals were

" ashed in a muffle furnace at 5000C for at least 24 hours and the ash contents

" were determined.

The four remaining fluorosed rats were sacrificed and used for

~“histology and radioautographs.

(7) Radioautography with F18

Radioautographs were made with Eastman Kodak No-Screen x-ray film
of the distal ends of the left femurs of three groups of rats one hour after
‘the intravenous injection of F18, The three zroups of rats used were as
folldWs:. five young animals (150 grams) that had been fed the stock diet,

- five of the mature controls that had received the purified diet and four
fluorosed animals. The femur was disarticuiated from the pelvis and tibia,
and the patella was removed. The surrounding muscle was removed with care
to avoid excessive injury to the periosteum. The bones were then cut in
half with a razor blade and the proximal half was discarded. The distal end
of the femur was used, because its epiphyses do not close fully until the

animals reach an age of over 1000 days Simpson et g}}09. With the posterior
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surface uppermost and using the intercondyloid.fossa as a guide, the

distal end of the femur was cut into nearly equal portions with a jeweler's
saw and a fine blade. A new blade was used .for each bone, since it was

. found that bits of bone dust clung to the saw. The pieces of bone were

then placed cut éurfacé upward on a piece of spoﬁge rubber in a light tight
box. A piece of thin mica (approximately two to five mgm/cmz) was placed
‘bétween fhe film and the cut surface of the bone to prevent the film from
sticking to the bone and to avoid chemical fogging of the film of swelling
of the emulsion due to moisture seeping from the cut bone surface. A second
piece of sponge rubber was placed over the film which was thick enough to
f£ill the box completely when it ﬁas closed. A weight was then placed on
the 1id of the box to assure close contact between the bone surface and the
film. The films were exposed for from 5 to 10 minutes depending on'the
amount of;Flainjected° The films were then developed for from 4 to 8 minutes
in Kodak x-ray developer and fixea in hypo. The pieces of bone from which
the radioautographs were made were then fixed in absolute alcohol for 48
hours and stained with silver nitrate according to the method described by
McClung ~Jones®0,

: The right femurs were also removed from the fluorosed animals and
four of their mature controls. The distal ends of the femurs were fixed for
3 days in formalin and were cut so that the sections would correspond as
far as possible to the surfaces of the left femurs from which the radio-

autographs had been made.
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RES JLTS

(1) Tracer Studies on Young Adult Female Rats
| The results of the three Fl8 tracer studies on young adult raté‘

described in Section (1) on methods are shown in Table 3.

The plasma of these animals was found to contain very nearly twice
as much Fl8 per ml as the red blood cells giving a ratio, cells: plasma
of 0.54 * 0.024. This value is quite similar to those obtained for the
other hélogenso For chloride and bromide the ratic, red cells: plasma is
about 0.51 Evexett26 and for iodide, it is about 0.67 Rall et §l°98

That intravenously administered 7' disappears quite rapidly from
the blood is readily seen from Figure 2. This curve appears to be the
composite of several individual curves; an initial steep curve which very
likely corresﬁonds to the equilibration of the injected F18 with the blood
and the body fluids, and a relatively flat curve which is probably the
resultant;of several processes such as eqﬁilibration of the extracellular
and intracellular fluid, skeletal deposition and urinary excretion.

-From Table 3 it is evident that when F;l'8 is injected intravenously
-an equilibrium is rapidly attained betweén the Flé concentration in the
blood and the tissues of the body. The F18 concentrations, in per cent of -
administered dose per gram of wet tissue, of the relatively vascular tissues
such as liver; spleen and small intestine are very nearly the same as the
blood level even at the earliest interval after ihjection, 15 minutes. The
F18 concentrations of muscle and skin; tissues that normally have a rather
slow circulation, were considerably lower than the blood level at the
earliest timeiintervalg although equilibrium was reached by the end of one

hour. The F18 concentrations of the soft tissues, with a few exceptions
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TABLE 3.
THE DISTRIBUIION OF F'® IN YOUNG ADULT RATS 1/4, 1, 4 AND 9 HOURS AFTER

INTRAVENOUS ADMINISTRATION, VALUES ARE EXPRESSED IN PER CENT OF ADMIN-
ISTERSD DOSE AND ARE CORRECTED FOR DEVIATION OF RECOVERY FROM 100 PER C£NT.

1/4 hour 1 hour 4 hours 9 hours
% per % per kper«ph per bper Fper Fper % per
organ gram organ gram organ gram organ gram
Molars - - 0044 3904 0041 2075 . 0.30 2050
InciSOI‘S - - ‘ lo02 .3014 1013 3098 1033 3061
Skeleton 32.9% 1,76 5509 3.79 640  4e33 56,0 3.3l
Muscle - 194  0.19 6.55 - 0,08 1,06 0.01 0.55 0.006
) Skin ] ’ 1102 ’ 0029 2:000 0007 0025 00008 Ool? . 00005
Blood 8,05 0,50 0.99 0,08 0.12" 0,008 0.06 0,005
Car‘bilage o - 0031. - Oq37 N - 0016 - 0026
Spleen 0,50 0052 - 0,06 0,06, 0,009 0,009 0.003 0,003
Lung 1.13 0,58  0.19 0.11 0,10 0.04 0.06 0,03
Liver 4.85 0,49 0:49 0,06 0,28 0,03 0.04 0.005
Kidney 1.46 0084 0,27 0,18 0,04 0,03 0,03 0,02
Stomach 0.27 0632 0.05 0,07 0,009 0,009 0,004 0,003
Stom.Cont 0.06 - 0,08 = 0,006 = .- <0.001 -
SmeInt. l.11  0.28 0e24 0,07 0.03 0,009 0.02 0,004
SmaIntoCont. 1073 S - 1026 - 0014 - 0903 -
LgoInt. 0e41 0035 0,06 0,07 0.03 0.04 0.01 0.006
LgoInt,oCont. . 0.20 - '0'9,09 - Oo84 - 05‘48 - .
7 Cecum. and Conto 0042 R ) Oo 32 bl 1027 - 0030 -
Sal.Gland - 1.23 -~ 0.08 - 0.0l . -  <0.005
Lac.Gland - - 037 - 0004 - 0.01 - <0,004
" Lymph Node - 0.64 - 0.01 - 0,008 - <0.004
Brain - - 0,02 0,02 0.01 0.009 <0.006 <0.004
Pancreas : 04l - 0,04 - <0,009 - <0002
‘Thyroid . 0.001 =~ 0,002 = <0,001L - <0,004 -
Adrenal 0.04 - 0,004 - - <0.001 - <0,003 -
Balance 60 09 - 1106 - 7020 - 70 54 -
UI‘ine . 9075 > - 1702 - 22 06 - 3104 -
Feces 0.04 -

0,98 =~ - 0.46 =~ 1.83 -

# Includes teeth
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(kidney, salivary glandy-ﬁhéf'Will be considered separately,:remained

parallel with the Fro level of the blood at all of the time intervals
~investigated. - = . ... :.Av; . o _

| The'bidée;agieéméntAQ£_{ﬁé F18 édﬁce§pration in the blood and soft ‘

tissues and the above mentioned findings on the red cell: plasma ratio

for‘Fla indicate that cells are freely permeable to F o
" Tt will be noted that 15 minutes after the injection, while the ;
blood'levei'of Fl8 is¥high, that the concentration in the sali%a:y glands is -
a little more‘than'twice thé blood cbnéentr;tiano In view Qf:the findings
of Wi118133 and Volker et 21}28 on the pfesénce of 78 in the saliva of
cats and rats 35 mihgtgs after intrépé#itoneal injection; tﬁislelevated F18
conceqtration in the salivany'glands'is not surprising. HoweVe?g since the
salivary glands from all of the aniiga.ls sacrificed at this t:uﬂe _were pooled,
this value represents only a single determination and cannotlb?”ébnsidered
quantitative. - ‘, o L
It is wrthy of note that the thyroid did notaccumulate F8
to any significant extent at any of the time intervals i§f§s£%é§téd as might
be expeéted from the";bfk of other inveéstigators on thelthjrdiééi‘uptake
~of the -other members of the VIL group, Baumann and Métzgeréﬁ;cﬁ;bride,
bromide and iodide, aﬁd Hamilton and Sbley49) astatine (elgmén#185), Assuming
that the thyroid of a normal rat weighs appfoximately 20 mgmf(ﬁpé thyroids

18 concentration of the thyroid

were not weighed in these experiments) the F
can be calculated. From such a calculation it can be seen that the Fl8
concentration of the thyroid did hot exceed the blood level during the time

of any of these experiments.

N
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The kidney was the only soft tissue that consistently showed a
higher 78 concentration than the blood. The high concentration of F8 in
the kidney was to ﬁe expected, since the excretion of fluorine is for the
- most par£ urinary.

‘ That F18 is excreted in the feces to a small extent seems fairly
well established by these experiments. Although some of the FL° that made
its way into the confents of the gastrointestinal tract following intravenous
-injection was appareqﬁly regbsorbed;, some was also found in the feces. The
possibility that the Fl8 in the fecal material is due to urinary contamina-
tion seems disproved Ey the fact that F18 is found in the formed feces in
the large bowel. |

~ The major site of Fis deposition was in the teeth and bones and’
to a lesser extent in the cartilage. The cartilage samples from each group
of animals were pooled for ea&h of the time intervals studied so that
the figures for the Fls concentration in cartilage should be regarded as
' only éemi-quaﬁtitatiVee In several of‘fhe experiments samples of tracheal
cartilage were also taken and the.F18 concentration of the trachea was found

to be slightly more than twice that of the xiphoid cartilage.
.FJ’8 is rapidly accunulated in the skeleton and reached a peak value

of 64 éer cent of the admihistered dose at about four hours. Nine hours
after its administration the Fls content of the skeleton had declined to .
about 87.5 per cent.of'the peak value. This peak of F18 concentration and
total e content four hours after injection was found in the mandibles as
well as in the leg bones as shown in Tables 12 and 13.

When the diaphyses and epiphyses of the leg bones were assayed

separately,hit was found that 15 minutes after the injection the ratio of the
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, F18 content, d;éphysessl epiphyses was 0.45, decreasing to 0.35 for the rest
of the time intervals studied. Calculated on the basié’éf per cent of dose
per gram the ratio of the'FlS concentration, diaphysess epiphyses was 0.88 at
15 minutes and 0,76 for tﬁe remainder of the experiments. The high ratio,
diaphyses: epiphyses foUhd 15‘minutes after the injection may be due to the
presence of F18 invfairly large amounts in the marrow at that time, since
- the blood level of e 15 high and the marrow was not removed from the bones.
On the basis of decreasing F18 cpncentration the bony tissues
sampled can be arranged in the following order for all of the time intervals
studied: mandible, leg bone epiphyses, leg bone diaphyses, which indicates
that at short intervals of time after its administration the amount of i
taken up by a bone depeﬁds in a large measure on its vascularity, an
observation also reported by Volker 53_510128

With the exception of the F]'8 concentration in the incisors at

9 hours, the concentrations of F18 in the teeth were lower than the concentra-:

ﬁibns in the leg bones at the corresponding time intervals. Thgnincisors
followed the same general pattern as the other bony tissues shﬁﬁing a

rapid initial.i?l8 ﬁptake,'a peak concentration 4 hours aftéf phe injection
and a gradual decreaée in the ensuing 5.hourso On the other ﬁand the moiars
showed a péak Flg.concentration at one hour and a gradual decline thereafter.
The failure of the molars to follow the pattern of the incisors_and bone may

be tentatively explained as the result of the adsorption of 8 £ rom the
saliva by the enamel in the first few minutes after the injection. The

occurrence of the above mentioned process of adsorption has been fairly well
established from experiments by other investigators. Sognnaes and his

co-workerst 49115 ghoued that the P2~ content of the enamel of the molars

"
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of dogs and cats could be sighificantly reduced by isolating the teeth from
-the saliva. GOl‘dberg36 found that although fluorides applied to the tooth
enamel were readily adsorbed, a slow leaching process removed a large portion
of'that which had been adsorbed during the emsuing two to three days.

Adsorption of Fl8 from the saliva may play a small part in the incisors as

18 concentration

well and would help to explain the observation that the F
of the incisors had decreased only 9.3 pef cent from the peak concentration
at 9 hours while at the same time the leg bones had lost 23.6 per cent of

their peak concentration.

(2) The Appearance of F18

Administration

in the Digestive Tract Following Intravenous

~ When injected intravenously to rats, i appeared quite rapidly in
the contents of the intestineé and to a lesser extent in the stomach. In
order to_determiﬁe the route or routes of entry of F18 into the contents of
the alimentary tract the two éxperiments described in Section (2) on methods
were undertaken. .

There are several routes by which_F18 might enter the gastrointestinal
éontents: secretion in the saliva with subsequent swallowing, secretion by
the stomach mucosa, secretion in the bile, in the pancreatic juice, in the
'intestinal juices and by’diffusion into the entire length of the alimentary
tract. ‘

In the first experiments, in which animals were given FL8
intravenously after previaus treatment with ephedrine sulfate, a sympathomimetic
drug, some dr all of the following results might be expected according to
Goodman and Gilman:4® decrease in the motility of the stomach and intestine,

contraction of the sphincters and reduction of the blood supply of the abdominal
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region as a whole, These are the same effects as would be observed, if an
animal were given adrenaline. The effects of ephedrine, although less o
- pronounced than those of adrenaline, are much more prolonged.

The second experiment on animals with ligated bile ducts and isolated i
stomachs was designed to eliminate saliva from the gastrointestinal tract, to
collect the secretions of the isolatéd stomach and to eliminate the flow of
bile into the duodenum.

At autopgy it was noted thaﬁ the stomach and to a lesser extent,
the small intestines of all of the animals of both groups were distended
with watery fluid of pH 6 to 8. |

o The results of both experiments are shown in.Table 4,which also
includes the results obtained from five control snimals that had received no

. treatment other than an intravenous injection of Fl o

| On the whole, the results obtained from the animals that had receivecI
only the'ephedrine ihjection would seem to be ﬁore reliable ‘than those obtaineé
for the operated Animals, since the operated animals were more than likely in
primary shock as evidenced by the fact that their fur'wés ruffled, and that

they were quite cold to the touck. o -

In the operated animals, the ligation of‘the céfdiéc sphincter
essentially eliminated the flow of saliva into the stomach due to swallowing.
A;though saliva samples were obtained from three of the five rais, only one
of the samples contained a large émouht ovalg, io49 per cent of the dose. -
It must be borne in mind that the;salivafyﬂgland of the fatvéontained large .
' émwunts of F18 only at‘the earliest time interval studied in the'experiments —
discussed in the previous section. (see Table 3))when the blood level of FL8

 was high,and that there was probably considérable loss of saliva into the urinei )

pan, since it could not be swallowed. : v
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THE DISTRIBUTION OF F8 IN YOUNG ADULT RATS TREATED WITH (1) 10 MGM/KILO
OF EPHEDRINE SULFATE, (2) LIGATED CARDIAC SPHINCTER, PYLORUS AND BILE
DUCT AND (3) CONTROLS ONE EDUR AFTER INTRAVENOUS ADMINISTRATION, VALUES
ARE EXPRESSED IN PER CENT OF ADMINISTERED DOSE AND ARE CORRECTED FOR
 DEVIATION OF RECOVERY FROM'100 PER GENT.

Ephedrine - Operated Control
#per %per - %per Hper - pper % per
organ gram ) organ gram organ gram
Blood - 1,03 0.07 2e43 0622 0,99 0,08
Liver ) - - 1041 0'25 0049 0006
Kidney ' - ' - 0078 0060 0027 0018
Stomach 0,06 0.05 0.23 00‘23 0.05 0,07
Stom. Conte. - 0011 - - - : 0,10 - : 0,08 -
Sm. Int. 0019 i 0005 0,70 0.22 0024 0.07
.'Smo ’ In.to Conto 05‘58 - ' 0050 - 1026 -
‘Lg. Int. 0,07 0405 0,23 0.21 0,06  0.07
’ Lgo Into Contuo 0005 - 0007 - 0009 ’ bl
. Cecum and Cont. 0.23 - 0.32 - 0.32 -
Skeleton®* 549 3.34 54,0 3.84 574  3.79
Muscle 5.11 0.06 9.92 0.4 6.55 0.08
Skin 2.65 0,08 4:02 0,16 2,00 0.07
Balance 15 0'4 - ’ 1905 - 1109 -
Urine - 19.6 . - 6.11 - 17.2 -
Feces 0.08 10.98 -

- 0.004 -

# Includes teeth
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The amount of Fl8 found in the stomach contents did not show any -

correlation with previous tréatment, presence of swallowed saliva or the .
quantity of fluid present. The results ‘'were comparable for all three groups, :
treated and controls. L

There was only one ‘statv,ist’icalvly, signifidant dif‘fve‘rgxrice (p <0.05)
between the dﬁ.s‘éribution of Fls in the gastrointeétihai ‘éont'ent"sf of the control .-

animals and two groups of treated animals in which the distributions were

essentially the same. This difference was in the amount of L8 present in

- the contents of the small intestine, which compartment, in the two groups of

treated animals contained only about one-half as much F18 as in the controls.
The F]'8 coﬁcentra.tioﬁ in thé soft tissues as well as in the empty
stomach and iﬁtestines"‘of all three groups very closely paralleled the blood
level. In Tabié_ 3 it can be seen that. the“s‘a.me is true of the pancreas.
Since the amount of ;Fls in the intestinal contents of the snimals.
withligated bile ducts was similar i;o that found in the animals treated with

ephedrine, it would appeér that the bile doe_s not contribute greatly to the

'pres‘eflce of F18 in the intestinal ,coritenté.'“

According to Pgtersgoa the gastrointestinal secretions, despite

their chemical diversity and with the possible exception of saliva, are

~isotonic with the bloods The general isbtonicity of the gastrointestinal

secretions indicates that the digestive glands are unable to perform osmotic
work; this does not mean that the sécretions are produced simply by diffusion,
however. Peters also states that of all of the électrolytes sodium and
chloride, seem to play an almost indifferent role in the secretions, servihg '
mainly to maintain osmotic equilibrium when needed and their mode of passage

to and from the gut seems closely allied to a process of simple diffusion.

S
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It is noteworthy that the per cent of administered F;S found in the
four major. segments offthe‘gestrointeStinal tract-was'very nearly the same
‘in both treamedfgroups.r.This‘similarity between the two groups suggests that
" there was'a common mecharism acﬁive’in"bdthy_despite“tﬁe”rédiéeily differeﬁt
treatmént they received.: Oﬁé‘ef;the~majdr.aetioﬁs-df”ephedrihé is to constxd ct
the peripheral and'lspﬁaﬁchic’blb’dd vessels reducing the blood supply to the skin
"'and'é;bdoniinal region.  This-same "“shun‘ting’.‘of‘v‘the."b]_.ood'-from the skin ‘and
viscera to the more vital organs is seen in animals in the first stages of
“surgical “shock;, which follows & major ihjﬁtyﬁdr surgical operation. This
blood-vascular pettefn*arisés?from nervous and‘vascular responses to pain and
: psychic factors;Bést and-TayloraS’hFﬁrtheeruBstantiating the hypothesis
" that the sympathétic nervous system bhas-been ‘¢alled into play in the operated
© animals ‘was the observatlon ‘that ‘the stomaéh fluids'were alkallne, an effect
= whlch is dbserved in’ experlmental sympathetic -stimulation; Best and Ta.ylor.8
“The” lowered body temperature ‘and the ruffling of ‘the fur also suggest shock
'in’ the" operated anlmals and theusubsequent lnterventlon ‘of the sympathetic system.
¥ It was found ‘inl the experiments on the distribution of M8 i
nomal young adults that the auounts of FL8 in the conténts of the various
) segments of the gastr01ntest1nal tract were essentlally the same one hour
. after 1nJect10n as they were 15 minutes after 1njectlono‘ From this it may
;ﬁgbe assumed that any Fl8 reachlng the contents of the gut does 80 in the
”viﬂflret few mlnutes aftef 1n3ectlon when the blood level 1s hlgho
) The follow1ng conclu31ons may then be drawnow '
| (a) F18 appears to be secreted 1n the sallve, but does not seem to
,Tucontrlbute greatly to the presence of F18 in the gastrointestlnal contents,

;ﬂb)_ The_b;lehdoeslgot_appear‘toLbe a major route of entry of L8



" into the small intestine.

(¢c) In animals displaying the effects of sympathetic stimulation,
whethei induced by drugs or surgical shock, the only disturbance. in the F18
~ distribution in the gastrointestinal contents is the lowering of the amount
foﬁnd in the small intestine, the most vascular and actively secreting
portion of the digestive tract, Best and Taylor.s IR o

| (d) L8 has beeémshown to be as readily able to permeate cell
membranes as are the other halides.

Vigscher et g£}26 hayegshown,that there is a forced flow of water
and @iffusible ions acrqss:tbe intestinal membrane simultaneously in both
Adiregtions to and from the blood, the direction and magnitude.of.the flow
debé#ding,on the concentrations of the solutes and rates of flow:of the two
streams. From Visscher's work and from the observations in‘'these experiments
it-caﬁ be,ﬁentatively'concluded thathls,enters the gastrointestinal tract
from the blood by some process resemblingmaiffusion .and ;passes into the
-gastric and intestinal secretions, .and that the extent to which it enters
:these compartments depends upon the level of Fl 8 in the blood and the rate |
of flow of the blood in the secreping organs. '

' (3) The Distribution of Orally Admlnlstered F'® in YouggiAdult Rats.

The adsorptlon of Fl8 from the gastr01ntest1nal tract following
oral admlnistratlon is qnlte rapid as can be seen from Table 5.. Seventy-flve
per cent of the admlnlstered dose was absorbed in the flrst hour and 90 per
cent was absorbed by thé end of 9 hours. Comparison of Tables 3 and 5 shows

. few significant differences between orglly administered F8 and intravenously
administered FXS; the larger amounts of F18 in the empty stomach and

intestines which may'Be due to the incomplete removal of their contents,

P

-
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TABLE 5

. THE DISTRIBUTION OF FL€ IN YOUNG.ADULT BATS 1, -4 AND 9 HOURS. AFTER
ORAL ADMINISTRATION. VALUES ARE EXPRESSED IN PER CENT OF ADMINISTERED
DOSE AND ARE CORRECTED' FOR DEVIATION OF:RECOVERY FROM 100 PER CiNT.

1 hour 4 hours .~ 9 hours

%per pper ~  Fper %Sper . %per % per
" organ ‘gram " oOorgan gram =~ ‘organ gram
Skeleton® 43.6 3.20  © 59.2 o53 5049 3.00
Muscle 4e87 0,07 ., - 0,76 . 0,01 . 0e56.  -0.006
Skin = 1.71  0.06 0,18 = 0.008 0.48 = 0,01
- . Blood - . . - . le5 0,10 .. . 0.14 0.01L . 0.08 0,005
Cartilage - 0643 - - 0646 - 0.29
_Spleen N . n 3 0006 " '0_1008 Lo _00007: 0901 . L oo 00002 .- 00004
Lung 0,22 0.10 0.08 0.04 0.04 0,02
oo Liver - . ) - 0054 - 0.10: 0.07 - 001 S 0004 0.006
Kidney 0.24 0.19 0.03 0.04 0.06 0.04
. Stomach ! il 2 1el8i i 1e48 . 0 i 0065 0760 . - 0:50 0.56
Stome. Cont. 5048 - 1006 - 4.64 -
.:.v_Sln._ Into" A 10810 0072 : 0008 . 0602 0905 0,01
Sme Int, Cont. Rlo4 - 0.52 - 0.31 -
'L'go;_ Into FE T T 0008 O“. 07 T 0004 - 0.03 L ’ .0002 ..0002
Lg. Int. Cont. 0.06 - 0,60 - 0.43 -
Cecum and Cont. .;. 054 . =~ . = :1R.5 v o 6624 -
Sal. gland - 0.10 - 0.01 - -
‘Lace gland ™ : : . = 0,08 - - - - - 0,01 . = ~-: -
Lymph Node - 0.10 - 0,01 - -
;«Brain.: . .0 . 0602 0602 o . 0,01 0,008 - -
Pancreas - 0.07 - 0.008 - 00004
_;A;_Thyroid S 00001 o= w0 <0.001L. - L - . -
Adrenal 0,005 -~ 0,001 - - -
E vBala.nce L 30‘81‘ e me o i 7057 : - S 5086 -
Urine 13.0 - 16,0 .- R25.6 -
. Feces 2. B 0. 05 e 0048 R : 4014 -

* Inéluﬂes teéth



_62_

a somewhat slower bone ﬁptake'End less rapid urinary excretion of orally

uadmlnlstered F18 If the values, obtalned ‘for, the distribution of orally
f'admlnlstezed Fi8 aJe corrected on the basis of the per cent . of dose absorbed,
the,flgures thus obtained are comparable to those obtained in the experiments
in which'F18 was given by vein.
' It will be noted that there was con51derably moTe F18 present in
the feces of the anlmals rece1v1ng Fl by stomach tube 1nd1cat1ng that

absorptlon of minute amounts of fluorlne is not qulte complete. If F18

,,.1s absorbed as a s1mple 1on, 1t may be that the presence of other -ions suech

. as sod:l.um and chlor:x.de interferes to a certaln extent with 1ts absorptlon.

ai The poss1b111ty of radlatlon-damage dus to the admlnlstratlon of
?large amounts of plé 'has not been mentloned up to this p01nt. The estimation
..of the total body radlatlon dose due to a. radloactlve element such as F18
which is rapldly distrlbuted throughout the body and Just as rapldly disposed
of by excretlon and bone depos1tlon is extremely dlfflcult» It has been
estimated that if there were no excretlon of F*8 and if it were evenly
dlstrlbuted throughout the body and remalned ‘80, for the entlre 9 hours of
'the longest term experlments, that the total body radiation dose would be in
the nelghborhood of 5 rge.p., an amount whlch can be considered almost

negllglblee In the experiments where F18 was given by stomach tUbe the
estimation of the radiation delivered to the tissues of the digestive tract,
tissues that are relatively radiosensitive, is a less difficult problem.
Using as an example the animals that received 500 microcuries of L8 by
stomach tube and were sacrificed 4 hours later, the radiation dose to the
stomach and intestines (empty weight 5.3 grams) would be from 35 t0 55 Te€spey

14

if radiation due to the annihilation photons is neglected. Bloom * states

that microscopically visible changes appear in the stomach and to a greater
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extent in the intestinal mucosa within 30 to 60 minutes after exposure to

600 r of x-rays (LD 50/30 days) on the stomach of the rat. There is no
avallable .data on. ths early effects of 1nternally adminlstered radlation
sources, however, histological changes found several days after the
adeluistretlon of betamend -gamma: emitters by stomach tube (23 to 33
microcurles/gram of flssmon products) corresponded fairly well with those
found et ths saine time 1ntervals after exposure to equivalent doses of -
external x—lrradlatlon Bloom.14A These latter findings would seem to

indicate that there are dlsturbances in the gastrlc and 1ntest1nal mucossa
w1th1n a few mlnutes after exposure to- an 1nternal radlatlor source. However, .
since the half-life of Fl8 isg so short and ‘since absorptlon from the digestive
tract was qulte rapid 75 per cent in the: flrst hour and 90 per ‘cent at the
end of 9 hours, it would seem that the absorptlve processes of the gastro—
1ntest1nal tract were not materially 1mpaired by radlatlon damage in the

length of tlme that the dlgestlve tract -was exposed to the positrons emitted
bY F18 . ;

(4‘-)’

cwﬁeofio mgm per kilo of"fluoridéfas isotonic NaF vas given simultaneously
withdthe esseﬁpially carrier—free'preparapdon of Fl8 described in the section
dealing with the preparation and standardization of F'O, the animals received
nearly 20,000 times more fluoride than did the animals that received the
carrier-free material alone. :

Comparing Tables 3 and 6 several notable differences will be
‘observed between the two groups, Fl8 and F18 plus carrier, at the 15 minute
interval. Nine hours after the injections no significant differences are to be

found between the two groups.
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. TABLE 6.

. THE DISTRIBUTION OF FLUORIDE IN'YOUNG ADULT RATS, USING F]' 8as 4
TRACER, 15 MINUTES AND 9 HOURS AFTER INTRAVENOUS ’ ADMINIST RATION.

VALUES ARE EXPRESSED IN. PER CENT OF ADMINISTERED: DOSE AND. ARE. -
CORRECTED FOR DEVIATION OF RECOVERY FROM 100 PER CENT. EACH RAT

RECEIVED 22 MILLIGRAMS OF NaF PER KILO BODY WEIGHI.
15 minutes 9 hours
% per % per % per &% per
; ... -organ -.gram ... . - organ gram:. -
Skeleton* 4 4045 2.98 58.0 3.17
M"l.sc‘le o . .20.0 “0.R8 T 0042 04004
Skin - ' 10.2 0.39 0,12 0.003

:Blood - - .5 7,110 0,65 - 7 - 4. 0,05 - 0.003°
Cartilage - 0.66 e - 0.30
Spleen . Lo T0418 0639 0 T v 70,005 - 0,01 -
Lung - 0,60  0.48 0,02 0.0l
Ldver & o w2097 Q.43 i - . 0405 - 0,006"
Kidney : 334 Re4b5 - 0.02 0.01
Stomach oo 029 -2 0e30 o T T <0005 <0.005
Stom. Cont. 0.05 - 0.01 -
Sme . Inte ... - . 21,25 © 0637 - ¢ " <0.01 - <0.002
Sme Inte Cont. 1.31 - 0003 -

) Lgo Intu S ’ 0.46 i 0037 T B e : 000016 i 00004
Ig. Int. Cont. 0.14 - 0.98 -
Cecum and Cont. 0.41 - 0.48 C -
Sal. gland - 0.69 - <0.01

. .La.c- gla.nd ) - 0037 - <OoOl -

¢ Lymph Node . . .. = .- 0436 - <0.01
Pancreas S - 043 - <0.001
Thyroid - 0.006 - . <0.004 -
Admnal ” ) 0002 - o ; a ‘ <O¢OOA. -

 Balance 9L - 6.8, -
‘Urine - 1.14 - T 32 -
Feces 0.17 - 0.84 -

o Includes teeth
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The major differences bétween the carrier-free animals and those
receiving added stable fluoride 15 minutes after injection can be summarized
~as follows:

The anlmals recelving added carrler showed a cons1derably higher F18
concentration in the kidneys and thyr01d, sllghtly hlgher Fl concentratlons

in the other soft tissues and cartilage, a lower 78 concentration in bone and

a reduced urinary excretion. All of these differences, noted within minutes
after the injeqtion, and ﬁhe complepe similarity noted several hours after
injection seem to indicate that (within certain limitsl) fluorides are
eventually metabolized in the sa@e fashion regardless of the size of the dose,

but with a little more difficulty when larger doses are given.

(5) The Maternal Transfer of F18

The results of tké’,expezimgnt on the distribution of Fl 8J.n pregnant
rats aré shown in Table 7 with the distribution‘of o in virgin'females of
approximately the same age for comparison°

The concentrations of Fl in ‘the blood and soft tissues of the
pregnant animals were generally higher than those for the corresponding
tissues of the control animals. The renal excretion of F18 was also greater
in the pregnant rats. These observations, high blood and tissue level and
more rapid renal excretion along with the relatively lower F18 concentration
in bone are probably all reflections of the increased circulation rate which
accompanies pregnancy and the shunting of the blood supply to the tissues and
~organs involved in the nourishment of and waste removal from the fetuses,

Best and Tayloro8
Although the concentrations of Fl8 found in the placenta and fetuses

1 Animals that were given 14 to 17 mgm of fluoride/kilo intravenously in
pilot experiments died in 30 to 60 minutes and were obviously in tetany.
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' TABLE 77 | o -

THE DISTRIBUTION oF F18 Iy 19 DAY PREGNANT RATS ONE HOUR AFTER INTRA-
VENOUS ADMINISTRATION. VALUES ARE EXPRESSED IN PER CENT OF ADMINIS-
TERED DOSE AND ARE CORRECTED FOR DEVIATION OF RECOVERY FROM 100 PER
CENT. THE AVERAGE DISTRIBUTION OF F18 IN VIKGIN FEMALES ONE HOUR AFTER
- INTRAVENOUS ADMINISTRATION IS SHOWN FOR COMPARISON.

" Pregnant ' Control ’
‘% per % per %' per % per
organ gram organ gram

Blood 2.07 0.12 0.99 0.08
Liver 1..7 0.11 0.49 0.06
Kidney 0.40 0.24 0.27 0.18
G.I. & Cont. 3.50 - 2.11 -
Mascle 8.98 0.08 6.55 0.08
Skeleton* 42.3 2.16 57.4 3.7
Skin & Mammary Tissue. 3.7 0.08 2.24 0.08
Fetuses 1.76 0.04 - - .
. Placenta 0.32 0.06 - -
Uterus & Amnlotlc Fluid 0.54 - - . - R
Balance 11.2 - 11.9 -
Urine 23.4 - 17.2 -
0.28 - 0.98 -

Feces

# Includes Teeth

«©
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were quite small, less than one-half that of the blood, the ability of FXo
to pass across the placenta even when present in minute quantities.seems
fairly well established. In order to ascertain whether or not an equilibrium
is established between the maternal and fetal plasma, an experiment of a
longer duration is indicated, since according to Flexner and Pohl29
equilibrium for the transfer of radiocactive sodium in the rat requires 6 hours.

28

Flexner and Pohl™™ also found that the difference in placental transfer rates

for different spegiés'could be correlated with the histological differences

.between the types of placentas, a finding which may help to clear up some of

the controversiés on the placental transfer of fluoride.
| Table 8 shows the resulté obtained in the experiment on lactating

rats together with the distribution of F18 in virgin females of approximately
the same age. Values are expressed in per cent of absorbed dose, but are not
corrected for recovery, since there was né attempt made to éollect excretions.

The mammary tissue showed very nearly the same Fl concentration
as dld the maternal blood. About one per cent of the F:"8 ahsorbed by the
mother was found in the tissues of her litter. As was expected, more than
one-half of the activity in the nurslings was found in their gastro-intestinal
tracts, and the next greatest amount was found in the infant bone.

Approximatel& 75 per cent of the administered F18 was absorbed by
the mothers at the end of 4 hours despite the tremendous amounts of food
present in their gastrointestinal tfacts. In the control animals about 90
per cent of the orally administered Fl8 was absorbed in 4 hours frﬁm gastro-
intestinal tracts that were very nearly empty.

Despite the fact that there were only three animals used, the

experiment was poorly controlled in so far as determination of recovery was
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TABLE 8.1

THE DISTRIBUTION OF FL® IN LACTATING RATS AND THEIR YOUNG, FOUR
HOURS AFTER ORAL ADMINISTRATION, VALUES ARE EXPRESSED IN PER
CENT OF ABSORBED DOSE, THE AVERAGE DISTRIBUTION OF FL® IN VIRGIN
FEMALES FOUR HOURS AFTER ADMINISTRATION IS SHOWN FOR COMPARISON,

Lactating ’ " Control
% per % per % per % per
organ gram . organ gram
Blood Oadid 0.03 - 0.15 0.015
Liver 0627 0,02 : 0,08 0,01
Kidney n 0,10 0,06 | 0,04  0.04
G.I. and Cont,. 1085 0015 3063 -
Mascle » 2042 0.02 0.87 0.01
Skeleton®* 39.6 2,02 67.4 5.17
Skin 0.72 0.02 - 0,20 0,01
Mammary Tissue - 0.04 - -
Young** Bone 0.28 0,01 - -
0053 - - -
0.18 - - -
Excreta - - 27.1 -

¥ Includes teeth.
¥% Values shown are totals for litter of 6.

-

- v
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concerned and that only 75 per cent of the administered material was
absorbed; the results indicate that fluoride present in the maternal blood

of the rat even at very low levels can be secreted in the milk. The
similarity between the 8 concentrations in the nammary tissue and in the

maternal blood suggest that the passage of FL8 into the milk of the rat is

not true secretion, but is more likely due to a process resembling diffusion.

(6) Studies on the Thyroid Function and L8 Distribution in Fluorosed Rats.

(a) Gepersl Findings on Chronically Fluorosed Rats.

Figure 3 shows the growth curves for 29 fluorosed rats and 23
mature control rats for a period of approximately 4.5 months. Comparison
of the two curves shows an almost immediate response to the dietary
fluorid? sgpplementg the first two points on each.of the curves represent
the weights obtained three days before and one day before the animals were
started on the fluoride supplement. The third points on the two curves
were obtained 10 days after the fluoride regimen was started. Although
there was some overlapping of the weight ranges of the two groups (the
weights of the larger animals of the fluoride group were very nearly the
same as the weights of the smaller animals of the control group) comparison
of the mean weights of the two groups after the start of the fluoride
Supplement-invariably gave a p value of less tham 0.05, indicating that
for groups of this size the differences in weight were statistically
significant. It must be borne in mind that some of the animals on the
fluoride diet :eceived more fluoride and some less fluoride than others,
because the amount of fluoride added to the diet was based on the mean
welght of all of the experimental animals. The same holds true for the
food intake which was an average of 15 érams daily per rat for each cage

of five rats.
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The possibility that the slower growth rate of the fluorosed animals
was due to a lower food intake than the control animals, due éither to lack
of appetite for their food or difficulty in eating because of elongation of
the incisors, seems to be fairly well eliminated by the following: the diet
was soft and appeared to be eaten by the fluorosed rats without too much
difficulty, the fluorosed animals received per cage of five rats the same
amount of food as did the controls, the use of heavy pyramid shaped porcelain
feed cups reduced spillage to a minimum, and the feed cups of both groups were
almost always emptied during any 24 hour feeding period.

Although most of the animals on the fluoride supplement appeared
to be quite normal except for their teeth and slower growth rate, some of
them showed other manifestations of intoxication such as poor coat, an
untidy appearance and lassitude.

Typical tooth symptoms as described in the discussion of the
effects of chronic fluoride intoxication on the teeth of rats were noticeable
in these animals within three to four weeks after the start of the fluoride
regimen, Figure La shows the head of a rat after 4.5 months on a diet of
20 mgm of fluoride per kilo per day and Figure 4b is the head of a normal
control animal of the same age after 4.5 months on a diet containing 0.5 mgnm
of fluoride per kilo per day. The teeth of the fluorosed rat show absence
of normal pigmentation, They are opaque and almost chalky in appearance
and contain dark spots. Both the maxillary and mandibular incisors are
considerably thicker than those of the control animal, Note the flattening
of the ends of the maxillary incisors as compared to the almost knife edge
sharpness of the corresponding teeth of the control. The spreading,
elongation and backward curvature of the mexillary incisors is concurrent

with the decrease in length of the mandibular incisors which have either been
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Fig Lia The head of a female Long=Evans rat af
Li,5 months on a dietary supplcment of
of fluoride per kilo per day.  (x2).



Fig, b The head of a normal female rat of the same
age and strain as the animal shown in Fige ha.

(x2).



i~
broken off or worn down excessively.

A1l of the animals on the fluoride supplement showed the above
dental effects to a greater or lesser degree, however, there did not appear
to be any correlation between body weight or weight gain and the severity of
the tooth symptoms. The average weight gain for the fluorosed animals was
Tha8 TiaL 8 grams and for the controls, 97.8 1'4.9, comparing the two means,
p< 0.01.

At autoésy when the femurs of the fluorosed rats were cut
longitudinally to prepare them for making radioautographs, it was noticed
that they seemed to be softer .and more easily cut than were the control
femurs. The molars of the fluorosed rats were found to be much less
difficult to remove than were those of fhe control animals. These observa-
tions are in agreement with the findings on the ash content of the normal
and fluorotic leg bones. The ash content of the leg bones of 10 fluéfbé;d
rats and 12 control rats gave the foilowing results: control leg boées,
34.2 £ 0.5 per cent ash and fluorosed, 32.5 2046 per cent ash. The
difference between the two means, 1.7 per cent, is significant since fof a set
of determinations of this size,vp ig' less-than 0.05. The above figures for
the ash content of thq leg bones of theése animals were used in the calculation
of total skeletal F18,

Measurement of the femur lengths of four of the fluorosed rats and
four of the mature control ;ats gave the following results: control femur,
35‘,1't 0,67 mm and fluoroépd femur 3208'1'0.62 mm with a p value of less than ¢
0.02 indicating that the difference between the two femur lengths, 2.3 mm, is 5
significant.

(b) Experiments on the Thyroid Function of Fluorosed Rats.

Since the late 1930‘5 when radioaétive isotopes of iodine with .
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suitable half-lives were first produced, a great deal of work has been done |
on the functional state of the’ t‘hyroid and the tl'w:_roidal uptake of radioactive
iodine, pioneered oy Hertz and his co—worker856’5 7 and by Hamilton and
Soley.w’z*s’50 More recently Scott et .all'm have devised a method whereby the
ratio, red cell. plasma of 3l is used as a measure of thyroid function. This

latter is essentially a measure of the freely diffusable iodine, and the non-
diffusible ’ protein-bound iodlne in the blood at cert-ain time intervals after
the administration of I131, ' '

In view of the controversy surrounding the subject of a possible

relatlonship between changes in the morphology and function of the t,lwroz.d

. and an elevated intake of fluoride, it was- deemed -advisable to make use of

- these two relatively new methods of measuring thyroid function in fluorosed

ratse.

Table 9 shows the 1131 dlstributlon in fluorosed rats and their

“ controls 24 and 48 hours after intravenous administration. The ratios of ‘

31 per ml of red cells to plasma are shown at the bottom of

the Table.

No differences in the size of the thyroids of the fluorosed and
control animals were observed. The only statistically significaﬁt difference
in the 31 distribution in fluorosed and normal rats was in the per cent
uptake of I13! by the thyroid at 24 hours, p<0.05. The red cell to plasma

ratiosﬁ were compa rable for the controls and fluorosed rats at both time
intervals studied. The thyroidal uptake of I3l varied widely for both the
fluorosed and control groups at both of the time intervals studied. This
wide spread in individual values 1s to be expected in view of the work of
other investigators who have found that the upteke of I13l in animals of

the same age and dietary history is quite variable; Hamilton et ev._l46 and

119a

Taurog. ' Consequently, results obtained using small groups of animals
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" TABLE 9 '
fui DISTRIBUTION oF TL3L IN NORMAL MATURE RATS AND “RATS CHRONIGALLY .
. INTQXICATED WITH FLUORIDE 24 AND 48 HOURS AFTER INTRAVENOUS ADMIN- ) -
"ISTRATION, VALUES ARE EXPRESSED IN PER CENT OF ADMINISTERED DOSE.
AND ARE CORRECTED FOR DLVIATIE%.OF RECOVERY -FROM 100 PER CENT., /
EACH AT RECEIVED 3.5 uc OF I™ .
ZAhOuI‘S N S o 48 hours
’ control fluorosed 7 control fluorosed
% per % per % per % per % per % per % per % per
A .’ organ- gram: '‘organ .gram . - organ -gram organ gram
Twmid . 12°O S 7050 . = o 8?62;-' LT - 6.65 -
HBC 0.47 0,06 0.48 0,06 T 0,09 0,01 0.06 0,009
Plasma 0.79  0.09 0.65 0.08 0.36 0.04 026 0,04
Skin 5040 0,13 3.59. 0.11 2.48 0,07 2.64 0.08
Go.I, Tract 5004 =T 3057 2 =i S 198 = 0.80 =
. Carcass ] 8031{ - 9@32, - 3040 - 2033 - N
‘Urine N <Y R Y £ S SR 73,37 = 7 8la4 -
Feces 3.8 = 359 - o 956 - 587 - i
- RBC - v 20661 =0 L 0470, = o 06R6 = 0.25 =~
Plasma
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suitable half-lives were first produced, a great deal of work has been done

on the functional state of thé'thyroid and the'thy:oidal uptake of radioactive.
iodine, pioneered by Hertz and his.co-workers56’57 and by Hemilton and
Soley.l’?’z"s’50 More recently Scott et.allo7'haye devised a method whereby the

3

ratio, red cell: plasma of 1131 is used as a measure of thyroid functlon¢ Tnis
latter is essentially a measure of the freely diffusable iodine, and the non-
dlffusible, protein-bound iodlne in the blood at- certain time intervals after
the administration of IL3L, ‘ o '

In view of the controversy surrounding the subject of a possible
‘relationship between changes in the morphology and function of the thyroid
~.and an‘elefatedaintake of fluoride, it waé deemed advisable to make use of
these two relatively new methods of measurlng thyroid functlon 1n fluorosed
: rats. : - : |
| Table 9 shows the I3l distribution in fluorosed rats and their
_controls 24 and 48 hours after intravenous administration. The ratios of
~ the per ce'nt‘Il31 per mi of red cells to plasma are shown at the bottom of
the Table.

No differences in the size of the thyroids of the fluorosed and
control animals were observed. The only statistically significant difference
in the I*1 gistribution in fluorosed and normal rats was in the per cent
uptake of 131 by the thyroid at 24 hours, p<0.05. The red cell to plasma
ratioé were comparable for the controls and fluorosed rats at both time .
intervals studied. The thyroidal uptake of 113! varied widely for both the
fluorosed and control groups at both of the time intervals studied. This
wide spread in individual values is to be expected in view of the work of
other investigators who have found that the upteke of 1131 in animals of
the same age and dietary history is quite variable, Hamilton et g}ﬁé and

Taurog.ll9a' Consequently, results obtained using small groups of animals



TABIE § ° .
. . ¢
THE DISTRIBUTION OF 1131 IN NORMAL MATURE RATS AND RATS CHRONICALLY
INTQXICATED WITH F,LUORIDE'ZA/AND‘ 48 __HOUlE AFTER INTBAVENOUS ADMIN-
ISTRATION. VALUES ARE EXPRESSED IN PER CENT 'OF ADMINISTERED DOSE
AND ARE CORRECTED FOR DEVIATI?g OF RECOV&RY FROM 100 PER GENT. !
EACH BAT RECEIVED 3.5 4e OF I'°% L | ,
) ; %4 hours. . .. : 48 hours
, control fluorosed ~ control fluorosed
"% per % per % per % per % per % per % per % per
. .organ .gram.. - organ.. gram . - . Organ , gram organ gram
Therid L 1200 L ; 70,50H T ) 89_6'2 - . _6065 -
RBC 0.47 0,06 0:.48 0.06 0.09 0.01 " 0,06 0,009
Plasma 0.79 0.09 0.65 0.08 0.36 0.04 .- .0.26 0.04
Skin ) 5940 0013_‘ ’ 3059 Ooll 2048 _0007 2::64 0008
GoIls Tract' 5.04 = + - 3,57 = - - 1.98 - 0.80 -
. Carcass 8031 - 9032 ) ‘-‘ - 3040“ - 2033 d .
-+ Urine R < R 4 e R e 73.3 - = ¢ 8l.4 -
. 4Fe‘cqs, L 3018“' .!'._ . 3059 T ) 905,6 = . 5°87 - §
- RBC . - .. . 0.6L., = 0,70 = _ -1 - 0.6 - 0.25 -
Flasnma |
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~are to be viewed with caution, unless large differences in the thyroid uptake

f 1131 are noted between control and treated am.mals.

Besides the wide fluctuations in the individual dete rm:.natlon,

the 1131 uptakes of all of the rats, both treated and controls, were lower

 for both of the time intervals studied than the values reported in the

literature. Hamilton 9_1;_ 31_4'6 found an uptake on rats on a dlet comparable to
"Diet 14" (see Appendix I) of about 28 per cent of a tracer dose of I131

24 hours after iﬁtravenous administration. 'i‘aurog and Chaikoflel found that
the thyroids of male rats of the Long-Evans strain on a similar diet accumulated
18 per cent at 14 hours and 12 per cent at 50 hours. There seems to be a
relationship betweenAthe iodine intske in the diet and the ability of the
thyroid to accumulate a tracer dose of 11313 the greater the daily iodine

. 120
intake the lower the thyroidal uptake of 1131 Taurog and Chaikoff.

"Diet 14" contains 0.84 micrograms of added iodine per gram of food. The
semi-synthetic 'diet used in the experiments described here on fluorosed
rats and their controls (see Appendix II) contained 1.24 micrograms of
added iodine per gram of food; or nearly 50 per cent more iodine than "Diet
14", which should éxplain in part the low I*3% accumlation by the thyroids of
the rats that were fed the semi-synthetic diet.

' Taurog and Chaikoff ° found that while the I3l content of the

thyroid after the administration of a tracer dose was quite variable,

tkie thyroxine content of these glands was a fairly constant proportion of
the total iodine content, usually about 31 per cent of the thyroidal iodine.
They also found that the level of protein bound iodine in the plasma depended
on the thyroxine content of the thyroid gland. From the above observations,

it would seem that the protein-bound iodine of the plasma of which the red
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cell: plasma ratlo is a measure 15 actual;y a more reliable ‘index of thyroid
function than the thyro:.,da.l up'bake of 1131
Since the difference in the uptake of I131 bY the thyroids of

fluorosed and control anlmals was statlst:,cally s:.gmflcant at only one of
the t:une J..ntervals J.nvestlgated and the red cello plasma ratlps‘were
‘comparable‘at‘ both tJTme intervals, lt‘ seems safe to say that a prolonged
intake of fluoride at the level employed in these experiments did not
produce. any untoward effects on the function of the thyroid.
(c) The Metabollsm of F]"8 in Mature Control Hats and Chromcally Fluorosed
Rats.

The distribution of F*8 in fluorotic. rats and their nommal controls
1,4 and 9 hours after an intravenous injection of F18 is shown in Tables
»iO and 11. The F18 concentrations of the blood and soft tissues are in

general slightly higher in the fluorosed animals than in the controls; a

Ce

- result that might be anticipated from the results obtained 15 minutes after

administering pi8 plus fluoride carrier intravenously (see Table 6J.

~ The urinary excijetio_n of I"l 8 by the fluorosed rats was slightly
more rapid than the controls, however, since the urine was pooled for each
cage of four or five animals, no conclusions can be drawn concerning
quantitative differences in urinary excretion between the treated and control

groupse.-

It was anticipated from the work of Savchuck and Amstrong103 that

the F18 uptake by the skeletons of the older control animals would be
considerably lower than for the young adult animals discussed in Experiment
(1)o They found that the fluoride retention of mature rats was much lower

than that of young animals. The values thsy obtained were 53 per cent for .
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TABLE 10

THE DISTRIBUTION OF F1€ IN RATS CHRONICALLY INTOXICATED WITH FLUORIDE
1, 4 AND 9 HOURS AFTER INTRAVENOUS ADMINISTRATION. VALUES ARE EXPRESSED
IN PER CENT OF. ADMINISTERED DOSE AND ARE CORRECTED FOR DEVIATION OF '
RECOVERY. FROM 100 PER CENT. THE ANIMALS RECEIVED 20 MGM OF FLUORIDE
AS NaF PER KILO BODY WEIGHT DAILY FOR AN AVERAGE OF 4 1/2 MONTHS.

1 hour . Z hours 9 hours

% per % per % per % per % per % per

organ gram organ gram organ gram-
Molars 0.13 0.94 0.17 1.39 0.16 1.15
Incisors 0.95 1.85 1.23 2.56 1.12 2.00
Skeleton ' 40.6 2.04 43.4 2.18 48.1 . 2.22
Muscle . 8.30 0.08 1.06 0.01. 0.61 0.006
Skin 2.91 0.08 0.45 0.01 0.06 0.02
Blood 1.43 0.09 0.25 0.015 0.12 0.008
Cartilege ' - 0.28 - 0.16 - ©0.15
Liver 0.89 0.10 0.12 0.01 0.04 0.005
Kidney 0.31 0.19 0.05 0.03 0.03 0.02
Stomach 0.12 0.07 0:.02 0.01 0.015 0.009
Stom.  Cont. 0.06 - 0.02 - 0.007 -
Sm. Int. 0.27 0.08 0.05 0.01 0.02 0.007
Sm. Int. Cont. 1.8 - 0.28 - 0.04 -
Lg. Int. 0.07 0.06 0.05 0.04 0.01 0.01
Lg. Int. Cont. 0.24 - 1.41 - . °1.53 -
Cecum and Cont. 0.48 - 1.16 - - 1.09 -
Sal. Gland - 0.11 - 0.02 - 0.009
Lac. Gland - 0.09 - 0.01 - 0.007
Lymph Node - 0.07 - 0.01 - 0.009
Thyroid 0.002 - £0.001 - <0.001 -
Adrenal 0.006 - {0.001 - <0.001 -
Urine 38.4 - 40.4 - - L2.8 -
Feces 0.30 - 1.87 - 0.85 -

Balance 2.83 - 8.04 - 3.02 -
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TABLE 11

Tk

THE DISTRIBUTION OF F18 IN NORMAL MATURE RATS 1, 4 AND 9 HOURS AFTER
INTRAVENOUS ADMINISTRATION.

ADMINISTERED DOSE AN

100 PER CENT.

Molars
Incisors
Skeleton
Muscle

Skin

Blood
Cartilage
Liver

Kidney
Stomach

Stom. Cont.
Sm. Int.- :
Sm. Int. Cont.
Lg. Int.

Lg: Int. Cont.

Cecum and Cont.
Sal. Gland
Lac. Gland
Lymph Node
Thyroid
Adrenal

Urine

Feces

Balance

HwogHoO:

1 hour

% per

- organ

=~
VT oo N D

bam
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1

0.001
0.004
29.1
0.08
5.04

% per
gram

e o e o
8"“'07\)000\.\)\]0\

COO0OO0OOCOOMNMNH

o
L]
Qo
oL

/ hours

% per
organ

'VALUES ARE EXPRESSED IN PER CENT OF
D ARE CORRECTED FOR DEVIATION OF RECOVERY FROM

% per
gram

1.64
3.12
2.7

0.008

0.01
0.008
0.12
0.008
0.02
0.01

0.008

0.01

0.009
0.01
0.009

9 hours
'!
% per % per
organ gram
0.18  1.33
1.38 3.0l
48.5 2.46
0.47 0.004
0.57 0.01
0.08 0.004
- 0.17

0.04 - 0.005
0.02 0.01
0.009 0.008

0.003 - .
0.02  0.004 .
0.04 - S
0.02 0.0l
1.65 -

0.95 -
- 0.003
- . 0.003
- 0.005
<0.001 -

£0.001 -~

36.0 -

0.93 -

10.6 -
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the initial fluoride retention for young animals and 36 per cent retention
for oldef animals. The values found in the experiments reported here at

the longest time interval investigated, 9 hours aftex" injection, were 56
per cent retention for the young animals and 48.5 per .cent. retentidn for the
older rats, indicating that verj little of tvhe fluoride depcsited in the
skeleton at this time would be subsequently excreted. .

The F18 contents of the skeletons of the fluoi‘osed rats were quite
similar to the control values for the three time invervals studied. The
greatest difference, in skeletal Fi8 deposition, _904 per cent, occurred 4
hours after the injection. This was also the only time interval at which
there was a significant difference in the 8 concentrations of the leg
bones of the two groups of animals. The control values were higher than the

~ corresponding values for the "fluoro,sed rats. E"‘urther, although the skeletal
. depositions and bone conce‘ntratioxs of the older control animals were lower
" than the corresponding values found for the young adults (see Tables 12 and 13)‘

the pattern of uptake remained the same.
The skeletons of the older control animals accumulated F]‘S and

the F18 concentration of the leg bones increased during the first 4 hours

after the injection, until a peak bone accumulation and concentration were

reached. During the ensuing 5 hours both the Fl 8 content, of the skeleton
and the F18 concentration of the leg bones decreased slightly; about 9.2
per cent of the peak values were lost during this 5 hour interval. It will
be recalled that this same pattern was seen in the young adult animals,
although the peak concentration and skeletal accumulation were higher in

the younger rats and the decline of these values in the interval from 4 to 9

hours after injection was greater. On the other hand the leg bones of the
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 TABLE 120 SR _,’_'

A COMPARISON OF THE FL8 CONTENT OF THE MOLARS, INCISORS, MANDIBLES AND

'LEG BONES OF YOUNG ADULT RATS, FLUOROSED RATS AND THEIR MATURE CONTROLS .
1, 4 AND 9 HOURS AFTER INTRAVENOUS ADMINISTRATION. VALUES ARE EXPRESSED

IN PER CENT OF ADMINISTERED DOSE AND ARE CORRECTED FOR DEVIATION OF RE-

COVERY FROM 100 PER CENT. STANDARD ERROR AND P VALUES ARE CALCULATED

AS SHOWN IN APPENDIX III. - S |

o 1 hour. -

Tissue =~ Young Adult _g%.v - Mature Control P¥* . Fluorosed
Molars = 0.44 ¥ 0.04 (0.0l  0.26%0.02 0.0l 0.13™% 0.02
Incisors 1.02 ¥ 0.07 >0.10 - 1.18=0.08 <0.05. . 0.95= 0.04

“Mandible = 2.56 ¥ 0.04  <0.01° 2.00 T 0.11  $0.10  1.96 = 0.05
Leg Bones 5.05=0.12 <0.01  3.78%0.11. <0.05. 3.16= 0,17
' 4 Hours
" Molars~ *  0.41%0.02 0.0l  0.26%= 0.008 >0.10 0.17 % 0.04
Inéisors = 1.13 = 0.08 . >0.10 1.40=0.11  %0.10. 1.23=0.13 °
Mandible © " 2.97 T 0.11 ~ <0.01 2.04 = 0.12  >0.10 2,11 0.08 ¢
Leg Bones 5.87% 0.09 <0.01 . 4.34T0.22 <0.05 3.49%0.21
) hours
Molats 0.30 £ 0.03 <0.01  0.18 0.0l $0.10 0.16% 0.025
Ineisors .. 1.33 T0.07 . >0.10 1.38 £ 0.07 - »0.10  1.12+ 0.13
Mandible 2.39 T0.12  ¢0.10 2.100% 0.08 >0:10  2.38 £ 0.16
Leg Bones . 4.94 ¥ 0.14 (0.0l 3.97 £ 0.13 >0.10 . 3.81*0.15

% P compares young adults and mature controls.

s% P compares mature controls and fluorosed animals.
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TABLE 13

'THE CONCENTRATION OF F18 IN THE MOLARS, INCISORS, MANDIBLES AND LEG BONES OF

YOUNG ADULT RATS, FLUOROSED RATS AND MATURE CONTROLS 1, 4 AND 9 HOURS AFTER
INTRAVENOUS ADMINISTRATION. VALUES ARE EXPRESSED IN PER CENT OF ADMINISTERED
DOSE PER GRAM OF WET TISSUE. STANDARD ERRORS AND P VALUES ARE CALCULATED -

AS SHOWN IN APPENDIX III.

1 hour
Tissue Young Adult pP* Mature Control
Molars 3.04 £ 0.17 <0.01 1.68 £ 0.045
Incisors 3.14 £ 0.14  0.10 2.72 £ 0.18
Mandible 5,08 £ 0.33 {0.01 2.94 ¥ 0.2
Leg Bones 3.79 £ 0.12 ¢ 0.01 2.32 T 0.19
4 hours
Molars 2.75 £ 0.13  <o0.01 1.64 = 0.18
Incisors 3.98 £ 0.32 <0.10 3.12 £ 0.22
Mandible 5.96 £ 0.19  <0.01 3.14 ¥ 0.22
'Leg Bones 4.33 £ 0.12 ¢0.01 2.74 % 0.225
9 hours
Molars 2.50 £ 0.13 ¢o0.01 1.33 * 0.07
Incisors 3.61 2 0.23 <0.10 3.01 + 0.185
Mandible 4.61 T 0.42 <0.05 3.22 £ 0.23
Leg Bones 3.31 ¥ 0.12 <0.01 2.46 ¥ 0.18

* P compares young adults and mature controls.

#% P compares mature controls and fluorosed animals.

>0.10
>0.10
>0.10
<0.10

>0.10

>0.10
0.10

Fluorosed

(o s N el

14144t

g v
cooo
HEOO
REER3

DO
OO WO

1.39 < 0.37
2.56 T 0.385
3.04 *¥ 0.18
2.18 ¥ 0.13
1.15 £ 0.19
3.54 T 0.306
2.22 £ 0.107
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fluorosed rats did not show this same pattern, but instead continued to
accumulate FXC slowly after the first hour so that at 9 hours the values
obtained for the fluorosed animals were the same as those obtained for

- their controls.
Table 12 gives a comparison of ‘the F uptake of the osseous and
dental samples taken from the young adult animals (Experiment 1) and from

the fluorosed rats and their mature~eontrcls; Table 13 compares the F18

concentrations in theée samples and Table 14 compares the fresh weights of
the same sgmples;' See Appendix III for explanation of the p values given.
It is of interest to note that the mandibles of ‘the fluorosed rats
and their mature controls show no diffexences in p8 concentration or total
pl8 uptake at any of the time intervals investigated. The fresh weight of
the mandibles of the fluorosed r%ﬁs was}nof éignificantly different from the
fresh weight of the"contfol mandiblgso This is in sharp contrast to the
leg bones for which there were found no differences in fresh weights, but
signifiéant differences in Els content and concentration at 1 and 4 hours.
‘The fresh weight of the molars of the mature control animals was
comparable to ihe molaf welght of the young‘édqlt animals. It was also
found that the weight of the fiuorosed molérs was less than that of their
controls. waever; if the molar weights of the fluorosed rats are compared
with those of the young adult rats £h§ difference is not étatistically

significant. Further, the molars of the fluorosed rats were easy to

remove and were almost always removed intact, while some of the roots of
the mature control molars remained embedded in the mandibles and maxillae.
Therefore it is reasonable to assume that the molars of the mature controls
actually weighed more than the value recorded in Table 14 would indicate-

It was also noted that the root structure of the fluorosed molars was not
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TABLE 13

THE MEAN FRESH WEIGHT OF THE TEETH, MANDIBLES AND LEG
BONES OF YOUNG ADULT, MATURE AND FLUOROSED FATS. P
VALUES ARE CALCULATED AS SHOWN IN APPENDIX III.

Young -Adults P Mature Controls - Pt  Fluorosed
Molars 0.14% 0.004 >0.10  0.15% 0.003  <€0.01 0,13 £ 0.004
Incisors  0.33 £0.01 40.01  0.44% 0.005 ¢ 0.01 0.52* 0.02
(Includes S v , .
Pulp)
Msndible - 0.51 *0.01  <0.0l 0.67 ¥ 0.01 >0.10 0.68 ¥ 0.02
Leg Bones  1.35¥ 0.0/ <0.0L 1.64 £ 0.06  50.10 1.63 ¥ 0.04
(Includes : : _
Marrow)

% P compares young adults and matﬁre controls.

##% P compares mature controls and fluorosed animals.
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as extensive as that of their controls. Other investigators have shown that
prolonged fluofidé feeding does not affect either the appearahce or strength
of adult teeth, but that it does reﬁa.ni'the‘ 'growth and -eruption of immature
teeth Roholmsl90 If the emamel of teeth that do Aot ‘grow from persistent
pulp is laid down during a period of fluoride feeding, it is poorly calcified
and wears away with functional attrition relatively easily Slavsgoldollo
The molafs of the fluorosed animals and ‘their‘ controls were not fully mature

' wﬁen_-t;he fluo_i'ide feeding was inifiated, _' since‘it .has been shown that the molars
.. of the rat do'not mature until approximaﬁely 125 “days of agechhour and
Ma,ssleroloég Ur.xderit.he influence of the fluoride supplement the final maturation
| of the molars Was; very likely retarded and t.heir calcificétion faulty which
would ‘allow them ito wear excessively. Excessi{re‘ .wear and retardation of root
growth would account for the observed differences in molar weigvh:'t;°

The values obtained for the Fl8 contents and Fi8 concentrations of
the molars of bothvgroups‘ of older am.mals were considerably lower than the
corresponding values found for the young adult aﬁhﬁalso This difference
between older and younger animals in their ability to accumulate Fl8 seems

to be a function of the decrease in pulpal activity and of the calcification

of the molars with increasing age; Schour and Massler. 0%

Tre FL8 contents and concentrations of the molars of the fluorosed
rats and their controls were comparable except at the 1 hour int.ervé.lo The
lower F]-S accumulation by the fluorosed molars at this time may be due in
part to the inability of the enamel and exposed dentin &f the rat molar to
adsorb F-8 from the saliva efficiently after a prolonged exposure to fluoride
in the diet. This explanation is amplified by the findings of others.

Volker et §1_127 found that enamel and dentin adsorbed radio-fluorine by a

e

o
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surface reaction according to the Freundlich adsorption isotherm equation,
in which case an equilibrium is set up between the material in solution and
the material adsorbed on the surface. Further adsorption ceases when the
surface of the crystal lattice is .covered. - Gol'dberg36 found that tooth
surfaces treated with NaF could still adsorb some additional fluoride but
that the additional fluoride was very quickly leached.

Since the rat incisor grows from persistent pulp, it was not
sufprising that the incisors of the mature animals, although heavier than
those of the young adults, accumulated 8 to the same extent as did the
younger animals. The greater weight of the incisors of the mature rats would
account for the differences in Fl8.concentration observed.

The P18 accumilated by the incisors of the fluorosed and mature
rats was cbmparable at the 4 and 9 hour intervals. There was a significant
difference noﬁed at 1 hourbafter the injection, in which case the fluorosed
incisors had not taken up as much F18 as had those of the controls. This
| initial lag in the ability of thé fluorosed incisors to accumulate F18
is apparently overcome in the next 3 hours, due perhaps to the slightly
elevated level of F'® in the blood of these animals. The lower FL0 content
of the fluorosed incisors at 1 hour, despite the elevated blood level could
be due to the inability of the fluorosed tooth surfaces to adsorb and retain
F18>from the saliva; as was postulated in the case of the molars.

The greater weight of the incisors of the fluorosed rats. would
help to account for the differences observed in the F18 concentrations of
the fluorosed and mature control incisors. |

The results of the tracer studies described here on the distribution

of F*8 in mature adult and fluorosed rats and those discussed in the preceeding
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sections on young adult rats have except for the one experiment on 1acta£ing

rats, been corrected for deviations of recovery of the injected F18 from

100 per cent. The actual experimental recoveries for individual animals
varied from 76 per cent to 120 per cent of the administered dose due to
poolingvéf excretions and loss of material in the meat grinder used to prepare
the carcasses. The average recoveries for each experimental group of three
‘to five rats did not vary quite as much and was generally about 85 per cent

to 95 per cent of the administered dose.

(7) _Radioautography with 8

Figures 5 ab, 6 ab and 7 ab show the best examples obtained of the
cut silvered surfaces of the distal ends of the femurs and the corresponding
FL8 radioautographs prepared from three groups of animals that were sacrificed

one hour after the intravenous injection of 8. The groups employed weres

| (a) young adult females 70 days old, (b) mature females 200 days of age that
had been maintained on a semi—éynthetic diet and (c) fluorosed females 200
days of agé that had been fed the semi-synthetic diet plus ZQ mgm of fluoride
per kilo of body weight daily.

. Unfortunately the relative darkening of the films could not be
used to compare quantitatively the radioautographs obtained from the three
groups of animals for several reasons: (1) The amount of Flg_administered
to each rat in any given group varied widely due to the variations in Fls
yields from any given bombardment, (2) There was quite a large variation in
the amount of F]‘8 accumulated in the bones of the individual animals in any
given group and (3) The amount of Fl8 accumulated by the bones of the young
animals was considerably greater than for the older anigals, elther fluorosed

or mature controls. An attempt was made to adjust the length of exposure of

~
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_right femur of a young adult femaﬁlc'rayt
ays old. (x6)
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’nﬁact radibautégrapﬁof the bone
shown in Fig. 6a. (x6)
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the films to gompensate for the above mentioned factors, howevef, the
calculations made were quite rough and hurried to avoid excessive loss of
Ela due to decay and to avoid autolysis of the bones themselves.

On comparison of the radioautographs no alterations in the general
distributional pattern of F18 in the bones afe to be found.either as a result
of advancing agé or previous exposure to dietary fluoride. Several general-
izations can be made, houevers on the deposition of Fl ini the bones of the
rat from the inspection of the radloautographso The area of greatest Fl
deposition one hour after its administration was in the reglon of the
epiphyseal cartllage, most probably in the most recently calcified bone just
below the epiphyseal plate. The spongy bone of the epiphysis and of the upper
end of the diaphysis, especially on the front side, were the next most
heavily blackened areas. This was not quite as apparent in fhe‘radioautographs
mad; from the young bones as it was in the mature bones. Despite the poor .
resolution obtainable from such relativelyrcrude methods as were used in
the preparation of these radioautographs, it can be seen that there appears to
be little if any 78 in the marrow cavitjo In the radioautograph of the
fluorosed'boné and to a lesser extent that of the young adult bone, there
appears to be a small amount of F18 in the periosteum and endosteum, but

very little in the compact bone.

(8) Histolqglcal Findings on Effects of Fluoride on the Rat Femur
Sections were prepared of the distal end of the right femur of

four control rats and four rats maintained on a high fluoride diet for 4.5
months. The sections were stained routiﬁely with hematoxylin and eosin and
are shown at low power magnification. Since such small groups of animals

were used, féur control and fdur fluorogsed rats, the xesulis obtained on the .
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histological preparations described here can be assumed to be only semi-
quantitative. Before discussing the findings, it should'b‘ev stated that of -

the four fluorosed bones studied, one appeared very nearly normal, one

~ showed complete growth arrest and the other two lay somewhere between the two |

extremes. The preparations from the latter two animals showed areas of: :
normal bone growth and ‘areas of grouth"arreeto >On the other hand the =
control bones showed qﬂlte a blt of variation in so far as the quality of

the marrow was concerned. The marrow of one animal was almost 90 per cent

cellular and of another only about one-<half cellular, again with the others

lying somewhere in between the two extremes. The control animals also }
showed variation in the number of layers of enlarged, degenerating chrondrocytes."
However, when the slides were randomized with the labels face down, it was
still possible to'aiign them into two distinct groups, with the position of
only one control and one treated animal in doubt, |

Measunement of the width of the eplphyseal plate ta,king the -
average of four separate determinatlons on each section gave the following.
results: control, 182 * 6.9 microns and fluoroseds 145 4 x 5. 8 mlcrons,v
with a difference of 37.4 microns between the two groups and a p value of
less than 0.0l, a surprisingly significant result for the small groups
employed. These findings are consistent with the observation mentioned
earlier than the femn:s of the fluorosed rats'weIE‘shbrter.thap those of-the
eontrols‘by some <£.3 mm.

The slides chosen for presentation here are those that were
copeidered approximately the'midpoints of each group both on the basis of
.histological evidence and on the basis of the width of the epiplysesl plate

and femur length,
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Histological section of the distal end of the !
femur of mature control rat No. 50, stainec
with hematoxylin and eosin. See text for de
scription. (x12)

Histological section of the distal end of the left
femur of a fluorosed rat, No. 30, stained with
hematoxylin and eosin. See text for description,
(XlZ) : o

ZN-587
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Figure 8, the control, shows short columns of proliferating

chondrocytes with one to two layers of slightly vacuqlated enlarged
chondrocytes. Marfow tufts are abundant a#d there.are_quite a few delicate,
- short primary trabeculae. Secoqdary trabeculae are less abundant and are
located mainly on the4front side of the bone. The mar:ow,appears'to be
about_two—thirds_cellular énd about one-third adipose. There are no signs
of growth in the cortical bone. The general impression is that of slow
growth and is approximately normal for rats of this strain and age.

Figure 9, the fluorosed animal; shows:a few columns of proliferating
chondrocytes. However, some chondrocytes.are arfanged in clumps and in
coniform cIusters. From the front side of the bone to the center there are
some vacuolated cartilage cells, théere is some erosion and some formation
of a‘few primary trabeculae.. From the center to the back side of the bone
there is no evidence of bone formation and no erosion. At this point the
TarTow lies inactive against the cartilage, although there is no bony seal
.as was seen in another of the animals. There are no sites of really
“gbundant bone formation at any point. There are a few secondary trabeculae
, op.theifront side, however. The marrow is predominantly adipose. The .

- general impression is one of almost complete growth arrest resembling
a@vanced age or hypophysectomy. .

Unfortunately, there was no real correlation obtained émong any

of the following factors: weight gain, severity of tooth symptoms, femur

length and extent of marrow affectétion.
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DISCUSSION . . = i

Simple inorganic fluoridés administered in ﬁicrégfém quantities .
éppear to be able to perméate cells Quite freely as shbﬁﬁ'ﬁj the red cell -
to plasma ratio. which was found to be very nearly the saiié for FL8 as for the
other halideé,‘by the maintepance of a dynamic equilibrium between the F;B -
in the blood and soft tissues and by the rapidity of ufihéry eXcretion:of
'F18, It is reasonable to assume, therefore, that when fluorides are present
in the animal body at extremely low'concentrations as'the result of an ord-
inary mixed diet and a relatively low fluoride concentratioﬁ in the water
supply, fluorides will behave as simple ions and not as complexes with phos-
phate, metal ions or proteins.

In the tracer studies in which Flsrwas given in the“essentially
'carpier—free state there was actually sﬁfficient stable fluoride present so
" that &“200 gram rat received 0.5 micrograms of flﬁoridé'per kilo of body
weight. "The longest time interval investigated in these experiments was 9
" hours after injection, however, since by this, time F18 was being eliminated
" from the skeleton only gradually, the majori@y“of the F18 found in the skele-
ton at this time can be considered as stored. In McClure's77 balance studies
on young adult men in which he claimed that there was no storage of fluoride
when the daily intake was of the order of a few milligrams, the daily intake
can be calculated as approximately 53 microgrgms:per’kilo, an amount nearly
."100 times greater than was uéed in the traéer'eiperiments described here.
The results of these studies coupled with those of Hodge’8, Savchuck and
ArmstronglO3 and Glock, Lowater and Murray55 who found that the skeletel fluoride
content increased slowly with age on diets low in fluoride, indicate that there

-

is apparently no lower limit of fluoride intake below which there will be no >
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storage and complete excretion as was stated by McClure.
It was previously noted that after the total amount. of F18 in
the blood, muscle and skeleton were Sﬁbtracted_frpm‘thelFl8 present in
the skinned eviscerated carcass there vas a remainder; P18 vhich could not
be accounted for by the usual means. This remainder which has been designated

as balance varied from 2.8 to 13.5 per cent of the administered dose for

 groups of three to five rats. The size and variability of the balance

present a rather perplexing problem, since theoretically»the‘average balance
for any given group of rats should only be of the order of a few per cent
vwhich could be accounted for by individual variation from the average figures
uéed to calculate. the total blood, muscle and skeleton weights.

The size of the balance could not be correlated with the time

.interval after the injection, the age of the animals or their previous

_ exposure to fluoride. Apparently the size of the balance is not due to any

great extent to faulty assumptions concerning blood, muscle or the presence
of F18 in the marrow of the leg bénes, since the»bélance figures were still
high even at the 9 hour interval when total. blood and muscle comprised

less than one per cent of the administered dose. In view of:the findiﬁgs

that the F18 concentrations of the soft tissues paralleled the blood level,

. it is unlikely that the soft tissues present in the ‘carcass other than

muscle, such as fat, nervous tissue, connective tissue, lymphatic tissue
and blood vessels contained sufficient F18 especially at the later time
intervsls to contribute greatly to the size of the balance.

The use of the fresh leg bones as an index of the F18 concentration

of bone may introduce some error. Although the leg bones contain both

“~
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spongy and compact bone, they may not be present in the same proportions in
these bones as théy are in the skeleton as a whole. If this is the case then
‘a certain amount of error would be introduced into the calculation of the total
F18 of the skeleton, since it’has been fairly well established by these ex-
"periments that the more vascular spongy bone of the mandible and leg bone epi-
physes showed a greater F18 concentration (inyper_cent“of dose per gram of .
fresh bone):than the compact bone Qf the leg bone diaphyses. However, the
errors,if any;introduced by the above mentioned discrepancy seem to be minimel,
if the following argument is -valid.: Sawchuck and Armstronglo3 found tﬁat for
rats the fluoride content of the femur, tibiz and fibula of one leg constituted
8.80per cent of the total skeletal fluoride and that this;hrigure did not vary
with advancing age or previous exposure to dietary fluoride. The résult8~of the
experiments Qescribed here were therefore recalculated using the above figure
and the per cent of Fl8 found in the leg bones. The skeletal uptake of the )
individual rats and the corresponding balance values computed on tﬁis basis
were almost invariébly identical to those obtained when the skeletal F18 content
was calculated using the per cent of dose per gram of wet bone and the skeletal
‘ash weight as déécribed in the section on methods.

There then remain two further. possibilities both of which would

‘help to account for the size -and variability of the balance, first the incom-~

plete collection of urine from the bladder at the earlier time intervals and

second, the F18 present in cartilage. s - N

. The above mentioned work of Savchuck and Armstronglo3 does not
rule out the possibility that F18 present in cartilage might be responsible

for a sizeable portion of the Fl8 that cannot be accounted for by the usual

means. Their animals were skeletonized and ashed to constant weight before

the fluoride analyses were made and both of these processes effectively destroy
R ]
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the essentially organic cartllagenous structures a33001ated w1th the skeleton

as well as the small amounts of cartllage smtuated elsewbere 1n the animal
body such as 1n the tre.chea.‘

In the study of autopsy spec1mens obtalnedifrom tw; c:yollte workers
Roholm; 00 found exten81ve calc1flcatlon of the llgaments of ‘the vertebral column
- and to a lesser degree of the costal cggtllageggv_ﬂg,also found that the fluoride
‘content Qf some Qﬁ these ligaments was thei§§m¢ as in thefgdjaggnt bone.

L :No cqnplusions:ofig qqantitative‘natpre‘can besdyawn concerning t.h.e.Fl8

. in cartilgge,»dué t9 thé difficulpies ipvolve@,in:theiggtermigation of the amount
of cartilage present in the animals and the difficulties encountered in the
dissection of cartilagenous structures ﬁ?om,thgvsgrrpgndipg_t;ssues. Rough
;_meaguremgnts indicated*that the trappe§l4cg;tilagé conqgntrabed Fl8 10 a greater
extent than did the xiphold cartilage. Congide;ing the findings of Roholm;oo
mentioned above, it would not éeem to be mere coincidence that the calcification
of tragheal cartilage hgs been found in old rats while the_;iphoid cartilage
does not appear to be calcifiable under any qond;pions”,AslingQB

It seeﬁs possible then that,F;?.‘p:esent ig Qar@i%agg, to an extent
apparently involved with its potentialities for calcification, could account
for much of the Fl8 in the balance. The presence of Fls to such a large extent
in the region of the epiphyseal plate as shown by the radioautographs would

appear to amplify this line of reasoning.

Evidence obtained from the tracer studies using 78 described in these
pages and from 8 radioautographs of rat femur indicates that the deposition
of Fl8 is greater in spongy bone than in compact bone. The radioautographs

show further that there is quite a large amount of 78 deposited in the trabecular
bone and in the region of the epiphyseal plate, a small amount in the regions

of the endosteum and periosteum and an almost undiscernable amount in the
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compact bone of the femur shaft. It must be remembered, however, that the
radioautographs were prepared from enimals sacrificed only ome hour after ,
the injection of FL8 and that these were the initial sites of FL° deposition.

It was a.lsb found that the mandible ,- a membrandué bone, concentrated F18

to a greater extent than did the leg bone ‘diaphyses or epiphyses especially

in the younger animals. Consideration of the aabo‘Ve findings allows a general
conclusion to be drawn to the effect that the extent to which a bone is able
té accumilate F-O depends in large measure upon the vaLscularitj of its various
‘bony components. The dependence of the skeletal-'deposition' of F18 on the
vascularity of the bones provides further evidence for the widely held view
that the chemical mechanism responsible for the bony deposition of fluorine
when present in body fluids at low concentrations is a surface reaction.
Hodge-5 8 :It is reasonable to assume that the bone salt crystals of the relatively
,vasculé.r spongy bpne which are bathed by a large volume of fluid containing )
fluoride at a given concentration will take up more fluoride than the bone
salt crystai"s of éompact bone which are b_athed by a much smaller volume of

 fluid cont.ainiﬁg fluoride at the same concentration.



1]
SUMMARY

Radioactive tracer and radioautographic te_c_hni’qu_e;s using NaF
tagged with F18 were employed to 'study the metabolism of inorga.nic fluorides
in rats. Young adult females, v:.rg:l.n, pregnant and la.ctatlng, mature females
and chromcally fluorosed e.mmals were used. Fl was a.dmnistened orally
and by mtravenous injection in an essentlally carrler-free state and with
‘added fluoride carrier. I'2! vas administered to fluorosed rats and mature
controls to investigate the possible effects of chronic fluorosis on thyroid
function. Histologic preparations were made of the distal ends of the femurs
of fluorosed and control anima.ls to study bone changes due to chronic fluorosis.

‘Tne results permit the following conclusions:

1. Cell membranes appeared to be freely permeable to I“]‘8 when it was adminis-
tered as NaF, ’ .

2. There did not seem to be any significant deposition of FL8 in any of the
soft tissues of the rat, with the possible exception of the kidney, when
it was given with stable fluoride in amou'ptsv ranging from "0;55 micrograins
to 10 milligrams per kilo of body weight. ' o

3. Urinary excretion and skeletal deposition of Fl 8 were thﬁ same regardless
of whether the stable fluoride dose was 0.5 micrograms or 10 milligrams
per kilo indicating that there was no lower limit of fluoride intake
below which all ingested fluoride would be excreted.

4o There appeared to be genuine fecal excretion of 78, although the amount

excreted by this route was quite small. ,
5. Absorption of orally admm.stered Fl was not complete 9 hours after its

' admmstratlono At this t:Lme there was about 10 per cent of the ad-

ministered dose in the cecum, large J.ntestlne contents and feces.
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6o The distribution <>f'A]?]-8 in the rat was eseentia.lly the same whether it
was given orally or by vein. |

7. When givenA with microgram 'quantities of stable flubride s L8 appeared to
be a,ble to pass through ‘the placenta of the rat (2 6 per cent of the
dose was found in the fetuses, placenta and uteru.s), although the work
of Flexner and Por128+29 indicated that the time allowed in these

. experiments was not su.fficient to allow for equilibratlon of & between
the maternal blood and placenta. ' o

‘8. Small amounts of F-0 (approximately one per cent of the dose) were found
' in the n.u_rslingsl of the lactating rats 4 hours after the mothers were given
tracer ainounts of F8 by stomach tube. The fact that the mammary tissue
cohteihed F18 in appfoximately the same eoncenti‘etion as ‘.the maternal
blood indica.tes that in this species fluoride passes into the milk by a
process resembling d:z.ffusz.ono

9. - The extent to which a bone will accumilate 78 seemed to depend upon the
ve,sctﬂ.arity of the bone and on its growth activity. Chronic fluorosis
did not influence the skeletal uptake of 8 except in so far as it
.affected bone growth.

10. There appeared to be a tendency for cartilage to accumulate Flso The
extent to which this occurred -could be qualitatively correlated witk{ the
potentialities of the particular ee.rtilage for calcification.

11. At the dietary fluoride level studied in these experiments (20 mgm of

' 'fluoi':i.iie' per kilo per day for 4o5 months) there was significant re-
fafde;tien of weight ga.ir.i' which was not‘due:to lowered food intake; since

the fluorosed rats and their controls were palr fed.

.
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Chronic fluoride intoxication instituted when the animals were not
yet mature retarded the longitudinal growth of the femur and pmsumably

‘of the other long bones -as was shown by the reduced femur _length of the
© fluorosed rats and the reduction in the width of the epiphyseal cartilage

of the distal end of the femur. The ash content of the leg bones of the
fluorosed animals was also lower than the ash content of the correspon-

ing bones éf the control animals. This observation was in line with tle

“‘histologic“a.l evidence of scanty trabecular bone fcmatioh in the fluorosed

femui‘s.

There did not seem to be any significant impairmént of the thyroid function

" which could be attributed to chronic fluoride intokicatibh," when the tlyroid

uptake of 1_131 and the red_.'céll to plaéma rat_io’of 113_1'\'were used as in-
dices of thyroid function. | o
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APPENDIX I

COMPOSITION OF "DIET 14" AS PREPARED BY THE UNIVERSITY
OF CALIFORNIA INSTITUTE OF EXPERIMENTAL BIOLOGY

Ground whole wheat ‘ ; 6 8.5 lbs.
Casein 5.0 1bs.
© Alfalfa leaf meal 10.0 1bs.
Fish meal i 10.0 1bs.
Fish oil 5.0 1bs.
NaCl 1.5 1bs.

100.00 1bs.”

* 300 ml. of a KI solution (450 mgm. KI/liter) added
to every 270 1lbs. of feed.
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APPENDIX II (a)

>

COMPOSITION OF SYNTHETIC DIET EMPLOYED IN FLUORIDE FEEDING EXPERIMENTS

Casein

Powdered Skim Milk

ey

Brewer's Yeast
Hyd‘;pogena.ted Vegatable Oil
wﬁeét,

Mineral Mixture

60 grams
40 éra.ms
40 grams
| 60 grams
660 gziams

40 grams

1000 gra.ms*.

¥ 2 grams of Vitamin A and D supplement "Napco Quadrex" added

per kilo.

%
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APPENDIX II (b)

 MINERAL MIXTURE FOR SYNTHETIC DIET

CabO, © 68.6"grams
CaHPO‘ANQ" ‘ S  112.8 grams
MgCOBv 5 35.2 grams
Cag .(06}15-07)2- - 4H,0 | 308.3 grams
MgSO, Anhydr. I " 38.3 grams
KC1 | ' o 1247 grams
CoNaCL - - ‘ 771 grams
Ky HPO, o 38,0 o - - 218.8 grams
Trace Mixture R 16.2 grams
| R 1000.0 grams

TRACE SALT MIXTURE

Green Ferric Ammonium Citrate T 98.52 grams
K1 025 grams
CuSOA . 5}&0 o 0.50 grams
Ammonium Alum 059 grams
MnSO4 . HZO : 0.14 grams

100.00 grams
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APPENBIX III
. STATISTICAL METHODS = '~ |

_(l) The Standard Error

The standard error of the mean was calculated as followss:

oBe of mean = 'EZHZI) s . S

where d is the difference between the mean and the individual
determination and n is the number of determinations. '

(2) Comparison of the Meang of Two Groups, The Calculation of t.-and p.

' The. composite variance V is calculated as follows:
2

2 d2 for group 1 + &4 for group 2 _

nl +_n2 =2

’

V=

e

where n, and n, are the number of determinations in groups (1) and (2)
respectively. The standard error of the difference between the two

means is then calculated:

S.E, of diff, = j LA

- np B

1 is then calculated:

Difference between the means
S.E. of difference ”

t: ’

the probability that the difference bhetween thé means.is not due
 to chaﬁce, P, is then obtained from a table similar to the one
prepafed by Fiseher027 When the p value fer.two means is greater 4
than 0,10 the significance of the difference is questionable. For
a p value of less than 0,01 the difference between the two means mst o

be comsidered highly significant.
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| © APPENDIX IV
CALGULATION OF INTARVAL RADIATION DOSE

¢ v '
The equation is used to estimate the intermal radiation dose in

roentgen equivalent physical due to the absorption of the 0.67 Mev
.(i .
: positrons emitted by F18 (energy due to the annihilation radiation
is neglected) in the body or tissues of an animal is as follows:

-kt
Te€ePe = cn(‘;'__-e ) 9

where n is the number of microcuries in the body or tissue,
W is the weight of the ahimal or tissue in grams,
k is the decay comstant = 0.693/TL/2 = 6.19 x 10™%/s,
t is the time during which the tissue is exposed to

g | _ the radiation in seconds and
C is a constant = 1,61 obtained from the following

expression:

(3.7 x 10% d/s/w) (60 s/min)(112 min)  (0.67 Mov/d)
5.2 x 107 Mev/r.e.p./gu. (0.693) X (3) =1.61

mean life of F18 average beta energy

conversion factors

(l-e-kt) has the following values ats

15 min 0,086
w 60 min = 00309

240 min 0.775
540 min 0.965

e g





