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M.Sec. Nutrition
Douglas George Dale
SOME BIOLOGICAL EFFECTS OF DIETARY FLUORINE IN GUINEA PIGS
WITH PARTICULAR REFERENCE TO INCISOR TOOTH AMELOBLAST AND

ODONTOBLAST HEIGHTS.

ABSTRACT.

Two six-week fluorine feeding trials were conducted with young
growing guinea pigs as test animals. Basal diets were prepared that
contained 75% hay since the ultimate aim of the experiment was to
establish a bioassay for fluorine in forage crops.

Sodium fluoride was added to the basal diets of some groups to
achieve levels of fluorine ranging from 19 to 130 p.p.m. To other
groups, fluorine-containing hay grown in the vicinity of a large
industrial operation was fed, resulfing in dietary fluorine levels of
the hay-meal ration ranging from 60 to 112 p.p.m.

Fluorine in the diet depressed the feed intake and weight gains
of guinea pigs when its level in the complete diet approached 70 p.p.m.
The heights of incisor ameloblast and odontoblast cells as measured
microscopically from longitudinal sections of the guinea pigs' mandibles
were depressed progressively by increasing increments of dietary
fluorine, as was also digestion of the crude fibre in the diet. Bone
storage of fluorine increased as the level of fluoripne in the diet
increased. When the p.p.m. of fluorine in the bone ash were.plotted

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

relationship was essentially linear. The regression of fluorine in




bone ash on diectary fluorine was of sufficient magnitude to
suggest that bone storage could be used as a criterion in a
fluorine bioassay. As judged from the various indices examined,
fluorine in the form of contaminated hay appeared to be less
available to the organism than fluorine in the form of its sodium

salt.




INTRODUCTION,

Farn animals are exposed to diectary fluorine from a number of
sources. The element is present in small amounts in most natural
feedstuffs so that a completely fluorine-free diet probably does not
exist outside of the laboratory. Fluorine is also found in higher
than average concentrations in certain water supplies, in raw soft
phosphates used as mineral supplements and in foliage grown in the
vicinity of certain industrial operations.

The various species of domestic animals are thousht to cexhibit
differences in the degree of their fluorine tolerance, and in this
regard it is generally accepted that ruminant animals are the most
susceptible to chronic fluorine poisoning.

Probably duc to economic factors, dairy cattle have received
most attention by investigators of chronic fluorosis of domestic
animals in lorth America. In this spccies structural defects of the
permanent tecth that erupt during or immediately following prolonged

wcessive fluoride intake is the first and most easily recognized
symptom. This particular lesion, which is in effect an enamel

" Dental

hypoplasia, frequently is referred to as "'dental fluorosis.
fluorosis of moderate severity may occur as the only manifestation
of elevated fluorine intake and in such cases it is doubtful if the
economic value of the animal is seriously affected.

At rather poorly defined higher fluorine intake levels however,
skeletal changes, lameness and more generalized symptoms such as

1
H

decline in appetite, body weight, and milk production occur.
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Investigations and literature reviews over a number of years
have indicated that under experimental conditions an intake of fluorine,
as sodium fluoride, below one milligram per kilogram body weight per
day continued over periods of several vears has resulted in no measur-
able economic damage to dairy cows. At intakes above this level, and
depending on length of exposure and possibly other factors such as
nutritive status, there is the possibility of economically important
damage.

It is often necessary for field investigators to decide whether
or not animals consuming feed or water with elevated fluorine content
are suffering from fluorosis to the extent that economic damage has
occurred. An approximation of the daily fluorine intake can be arrived
at by calculation based on the chemical analysis of the feed and water
for its fluorine content. When this approach is takenm it is occasionally
observed that animals under field conditions appear to suffer cconomic
damage at levels of fluorine intake that failed to seriously impair the
economic value of the animals of the same species under experimental
conditions. While it is realized that the uncontrolled factors of
heredity, nutrition and management that are difficult to assess in
field cases, no doubt play a significant part in this problem, still
the conjecture has arisen that perhaps fluorine in the form of con-
taminated foliage may exert a different biological effect than fluorine

in the form of the sodium salt, which is the form of fluorine employed

in most feeding experiments.
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It is felt that one approach to the question of the relative
toxicity of different sources of fluoride would be the development
of a suitable bioassay. A bioassay may have advantages over chemical
determination of fluorine in feedstuffs, especilally in the assessment
of the probable toxicity of particular sources of fluoride. The major
problem would be to find a numerically expressed criterion of fluorine
intake in some readily available laboratory animal. The effect of
ingestion of varying levels of different sources of fluoride could then
be compared.

There is acceptable evidence that the incisor teeth of the rat and
other laboratory and domestic animals are one of the most sensitive
biological indicators of elevated fluorine intake. Both the enamel
and the dentin of the tooth are affected and since the formation of
these structures is a function of the ameloblast and odontoblast cells
respectively it would be anticipated that changes in these cells would
occur prior to the gross changes in the tooth. Indeed, Schour and Smith
(19%4) have reported derangements of the amecloblasts and odontoblasts
in experimental fluorosis.

A depression in height of the incisor odontoblasts occurs as a
result of vitamin C deficiency in guinca pigs and use has been made
of this fact in a bioassay technique for vitamin C developed by
Crampton et al. (1944) at this laboratory. The guinea pig is able to
consume a reasonably large amount of roughage in its diet and since
from the practical point of view, one of the most useful aspects of a

bioassay for fluorine would be in assessing the toxicity of fluorine-

containing forage crops, this species would appear to be ideally suited

—_—



as a test animal. It therefore seemed logical to examine histologically

the incisor teeth and associated tissues of young growing guinea pigs

that had ingested fluorine at several intake levels. It was considered
that there was a definite possibility that the heights of the ameloblast
and, or, odontoblast cells might be depressed or elevated in linear
relationship to the fluorine content of the diet.

In order to test the above hypothesis an experiment was conducted
in three phases with the following objects:

I. The development of a satisfactory basal diet that would allow
maximum use of forage, since bicassay of fluorine-containing hay
was the ultimate aim.

II. The establishment of a satisfactory histological technique that
would permit dental cell measurements to be made in well defined
areas and to determine the range of dietary fluorine within which
guinea pigs might serve as the test animal in a bioassay procedure.

I11. The collection of data that would permit the selection of criteria

upon which a dosage response curve could be established for

fluorine bioassay.
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REVIEW OF LITERATURE.

Through the years there has been considerable interest in the
biological effects of fluorine with the result that the '"fluorine
literature' is extensive. A recent compilation by Campbell and Widner
(1958) iists over 8500 references in this field. These workers report
an interesting trend in the literature on fluorine compounds, in that
carly reports (up to 19%32) deal for the most part with acute toxicity,
After this time attention seemed to focus more on the chronic effects of
prolonged exposure to low levels of the element. In so far as the
dental effects of fluorine are concerned another trend is apparent in
that reports up to the early 1940's are concerned with the tooth
damaging properties of fluorine. From that time on the emphasis has
shifted so that in more recent years the majority of papers have dealt
with the beneficial effects on dental health of low level fluorine
ingestion.

Although the toxic nature of fluorine compounds for mammals had
been reported in the literature from the middle of the nineteenth
century one of the first rcports of chronic poisoning in farm animals
was by Emmerling (1902) who issued a warning against feeding pics
lime phosphate that contained sodium fiuoride. Since this time there
have been numerous rcports of chronic fluorosis in livestock

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

United States, Valker and Milne (1955) from Africa, Pierce (10%9)




from Australia, Dale and Crampton (1955) from Canada to cite just a
few, illustrate the world-wide interest in the fluorine problem in
livestock health.

The sources of fluorine that might adversely affect livestock

have been reported by Phillips et al. (1955) to include the following:

(a) mineral feed supplements.
(b) water contamination both by soluble and particulate fluorides.
(c) forage contamination with soil particle splash of high fluoride

content e.g. road dust.

—~
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forage containing elevated fluorine content induced by effluent

fluorine from industrial processes.

(e) manufacturing by-products containing high fluoride content that
may be used as feed concentrates.

Thare has been considerable interest in the question of the
degree of toxicity of various fluorine-containing compounds and also
in whether or not a given fluorine compound was more or less toiuic
when administered in drinking water as compared to its presence in
the feed. McClure (1939) indicated that there was no difference
from the standpoint of: severity of cifects produced, rate of gain,
or fluorine storage in the bones and teeth, of rats exposed to
sodium fluoride at equivalent levels (2.5, 45.0 and 90.1 p.p.m.)

either in drinking water or in feed. Lawrenz and Mitchell (19L1)

sposed rats to sodium fluoride and calcium fluoride in feed or in

water. On the basis of data accumulated on zgrowth and the amount of




fluorine retainad in the body, it was concludad that at lou levels

(S p.p.m.) the fluorine in socdium fluoride administered in drinking
water was 21¢% more assimilable by the rat than the Fluorine of the
same conmound,consumed in the food, at the same level. The same
authors, in a second experiment, fed rats, diects of equivalent
calcium content, te which sources of fluorine were added as sodium

fluoride, ground tea leaves, or raw rock phosphate. The conclusions

J o
derived from both these experiments were that at intakes of 0-17
p.p.m.,the fluorine in sodium fluoride was no more assimilable by

the animal body and presumably no more toxic, than the fluorine in
caleium fluoride. The fluorine in sodium fluoride was, however, 5%
more assimilable than the fluorine in green tea, which in turn was
somevhat more assimilable than the fluorine in raw rock phosphate,
McClure (1050) reported that there was no difference in amounts
of fluorine deposited in the molars, incisors, mandibles or femurs of
rats fed sodium fluoride or sodium silica fluoride at édaily dietary
intake levels of fluorine of 5, 10, 13, 25, and 50 p.p.m. On the
other hand, Jackson et al. (1950)fed fluorine to rats as the sodium
salt and as fluorine in bone meal and showed that the fluorine retained
varied in straight line relationship with the total fluorine consumed
in so far as sodium fluoride was concerned. The prouportion of fluorine
retained from added bone meal decreased as the amount ingested

increased. Hobbs et al. (195&) reported that fluorine on a p.p.m. basis

in forage from the vicinity of an aluminum plant resulted in a lower

bone storage, as well as less severe cffects on teeth than was observed




when fluorine was fed as sodium fluoride at an equivalent level, The
animals in this euperiment were beef cattle continuously exposed to
fluorine from one year of age up to three and one-half years of age.
The same authors studied the relative toxicity of various {luorine
compounds included in the diets of rats at levels of 150, %00, and
600 p.p.m. Comparative storage in bones from the various compounds

ranged from high to low in the following order:

(1) R SiF, (1) NaF (7) casiF,
(2) NaSiF (5) rock phosphate (8) MgSiFg
(%) KF (5) natural and () caF,

synthetic cryolite
Storage levels did not always parallel severity of damage in the
teeth. WUhen fed at the same level potassium silica fluoride produced

slightly earlier and more severe dental damage than did the other

8

compounds. An experiment with rats was also conducted by these workers

to compare the toxicity of forage contaminated by industrial effluents
with that of sodium fluoride. Groups of rats were fed levels of
15-100 p.p.m. fluorine as sodium fluoride, or as contaminated hay
from an "effluent'” area that was substituted for the alfalfa meal of
the basal ration. Bone storage of fluorine from contaminated hay was
comparable to or less than that from sodium fluoride, however the
teeth of animals fed the fluorine-contaminated hayv showed slichtly
greater wear.

The results of controlled feeding trials by a number of

investigators have suggested that the various species of domestic




animals exhibit different degress of tolerance to the toxic effects
of prolonged fluorine ingestion. Piillips ct al. (1955) suggested
that the following dietary p.p.m. of fluorine as sodium fluoride or

other soluble fluorides, and as phosphatic limestone or rock phosphate

would not produce evidence of economic damage:

NaF Roclk Phosphate
(a) Dairy cows 30-50 60~100
(b) Beef cous 40-50 65-100
(¢) Sheep 70-100 100-200
(d) Swine 70-100 100-200
(e) Chickens 150-300 300-400
(£) Turkeys 300-100

Expressed in terms of milligrams of fluorine per kilogram of
body weight per day, the work of Rand and Schmidt (1952) and Schmidt
et al. (195Lh), as well as the critical literature review by Schmidt
and Rand (1952), suggests that for dairy cattle a maximum innocuous
level for the most toxic of the common fluoride salts (sodium fluoride)
ie in the neighbourhood of one milligram of fluorine per kilogram of
body weight per day.

Other workers have attempted to cstablish the tolerance limits
of fluorine for livestock in so far as the occurrence of ''economic
damage''is concerned. Neeley and Harbaugh (1954) studied a herd of

cattle whose source of drinking water had an elevated fluorine content
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and agreed with previous workers that one milligram of fluorine per
kilogram body weight per day produced only moderate dental fluorosis
with no economic damage. Suttie and Phillips (1959) reported on studies
with dairy cattle fed graded amounts of sodium fluoride in the diet.
Their results suggest that inhibitory effects on milk production and
maintenance of body weight might be anticipated in dairy cows receiving
fluorine at the rate of 1.7 milligrams per kilogram body weight per

day if the animals were exposed from two years of age. When mature
animals were exposed to excess dietary fluorine in the same manner

they were able to withstand as high as 1.95 milligrams fluorine per
kilogram body weight per day for at least two lactations.

In so far as laboratory animals are concerned there has not been
the same degree of interest in establishing safe tolerance levels of
fluorine. Sollman et al. (1921) added sodium fluoride to the feed of
rats in graded amounts so as to provide a fluorine intake of from
0.15 to 151 milligrams fluorine per kilogram body weight per day.

He reported that doses of 42 to 151 milligrams per kilogram body
weight per day produced immediate and marked retardation of growth.

At dosage levels of 0.15 to 8.0 milligrams per kilogram there was no
effect on growth or feed consumption during the nine-week feeding
period. Cristiani and Chausse (1927) established that the fétal dose
of sodium fluoride for the guinea pig was between 240 to 390 milli-
grams. They reported that five percent of this dose administered

daily produced cachexia and death in three to four months. Two percent
of the lethal dose per day did not adversely affect the guinea pigs

during a ten-month period; in fact their weight gains exceeded that of
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the controls.

The small laboratory animals have been utilized to a much greater
extent than the domestic farm animals in experiments designed to study
the metabolism of fluorine in the animal body and the influence of
dietary and other factors on fluorine toxicosis. In this regard Miller
and Phillins (195(C) reported that the age of rats at the commencement
of fluorine feeding had a marked effect on the rate of deposition of
fluorine in the femur. Younger animals accumulated fluorinc in the
skeleton at a faster rate than did older animals. Younger animals
also releascd a greater vercentage of their bone storage of fluorine
than did older animals when fluorine vas removed from their respecctive
diets. Upon reintroducing fluorine into the diets of these animals it
was found that the older rats redeposited fluorine in the skeleton to
a lesser degree than did the younger animals.

The effect of frequency of fluoride administration in relation to
skeletal storage was investigated by Weddle and Muhler (195¢). Their
data indicated that when young rats ingest fluorine once a day more
fluorine is rctained in the skeleton than is retained when an equival-
ent amount is given in divided doses three times a day.

The influence of diet on the toxicity of fluorine has been
investigated by several workers. Smith (19%5) reported that suboptimal
intake of any of the known dietary essentials did not result in
increased susceptibility to the destructive action of fluorine on

the teeth of rats. He also reported that addition of vitamin C to

the diet of guinea pigs exposed to excess dietary fluorine failed to
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influence the extent of the damage to the teeth. However, Bodic (1957),
reporting on trials with'rats, noted that the inclusion of calcium
carbonate as ) of the diet depressed the storase of fluorine in the
bones of the experimental animals by as much as 509 when sodium fluoride
was included in the diets at levels of 50, 100, and 250 p.p.m.

The sex of the experimental animal has been shown to exert an
effect on the susceptibility to fluorine damage in somc species,.
Channels (19%0) exposed rats to sodium fluoride and reported that
females were more susceptible than males. The effects (weight loss)
occurred in females after three months' exposure whereas at similar
exposures weight loss did uwot occur in the males until after four
months. Bixler ct al. (1954) reported Phat female rats on a low
fluorine diet (0.3 p.p.m.) stored more fluorine than males on the same
diet. Shafer and Muhler (1954) reported that female rats, in spite of
being smaller in size, stored more fluorine in their femurs than did
males on the same diet. These latter workers also administered
estradiol and diethylstilbestrol to rats and found that the fluorine
concentration in the femurs of males and females receiving the two
hormones was appreciably higher than that of corresponding control
animals. Anderson et al. (1955), on the other hand, reported that
male turkeys had a lowcr fluorine tolerance than females when exuposed
to high level fluorine intake in thé feed. The criterion in this
experiment was growth rate,

Possibly because of the similarity in the dental effects of

scorbutus and fluorine intoxication several workers have investigated
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the relationship of fluorine poisoning to vitamin C metabolism.

Phillips (19%3) administered graded levels of orange juice to guinea
pigs on a scorbutic diet and noted that scveral times the anti-scorbutic
dose did not prevent the appearance of symptoms similar to, if not
identical with those of scurvy when 25-30 milligrams of fluorine per
kilogram per day was also included in the diet. He suggested that
chronic fluorine poisoning may interfere with the action of vitamin C

t al. (19354) noted that

in the organism. In a later paper Phillips
thie decrecased ascorbic acid content of the suprarcnal gland produced

by scurvy was also produced by fluorine toxicosis. On the other hand
Hauk (193l) reported that fluorine fed to rats and guinea pigs did not
interfere with the storage of vitamin C in their livers or adrenals.
Svirbely (1934) administered 15 milligrams of sodium fluoride plus

50 millisrams of thyroid extract per day to male rats for a total of

16 days and reported that there was a markedly decreased ascorbic acid
content in their livers, adrenals and small intestines. e further

noted that neither substance alone had any appreciable effect. Hobbs
(1954) noted a decline in plasma ascorbic acid in rabbits experimentally
fed high levels of fluorine. Vadhuani (1952) fed monkevys sodium Ffluoride
at a level of 10 milligrams per kilogram body weight per day for six
months. He noted that the inclusion of 20 milligrams of ascorbic acid
per day in the diet of the monkeys nrevented the occurrence of exostosis.
fxostosis that formed due to fluorine in monkeys not receiving the
vitamin C supplement did not improve after fluorine withdrava® until

ascorbic acid was administered. Althouzh the role of vitanin C in
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fluorine toxicosis is not clear, there is evidence to sunport a
conclusion that there is a relationship between the two.
One of the first reports in the literature of an effect of fluorine

on the tceth of animals was that of Brandl and Tappeiner (12321). These

(B

workers studied the tceth of dogs that had been cxperimentally fe
sodiun flucride. They described porosity of the cement and stated that
the roots appearcd corroded. DMNcCollum et al. (1005) reportad nsseus

overgrouths {erostosis) and overgrowth and arcing of the maxillary
incisors in rats fed a dict containing ~2€ p.p.nm. fluorine. Armstrong
(193%) observed broken incisors in young growing albino rats fed a diet
centaining 0.1 percent sodium fluoride for six weeks. [Nlein and
McCollum (19%%) studied decalcified and ground sections of incisors of
rats experimentally fed fluorine and described the histological changes
as an cenamel hypoplasia. They concluded that the changes in the teeth
are produced during the developmental stages of tooth formation.

Schour and Smith (lQﬁH) described in detail the histological changes

in the enamel and dentin of the rat's incisor in acute and chronic
fluorosis. They concluded that fluorine probably exerts a direct local
action on the cnamel forming cells (ameloblasts). There are few

reports in the literature on the histology of the incisor teeth of

guinea pigs following prolonged exposure to elevated dietary fluorine.

=

ieming (1953) transplanted tooth germs obtained from mice and guinea
pilgs intraocularly or intracercbrally into guinea pigs and then exposed
T

the recipients to drinking water of elevated fluorine content. He

later recovered the transplants at autopsy and described the histe-

logical appearance, Calcification of enamel and dentin was retarded




by fluerine and the structure of the ameloblasts was alterad. There
are no reports in the literature on measurements of the heigits of
ameloblasts {enamel forming cells) or odontoblasts (dentin forming
celis) of animals exposed to elevated levels of fluorine intake.

“he possibility of using a biological indicator other than the
dental effect a2s an aid in the diagnosis of chronic fluorine poisoning
was suggested by Phillips (19%2). He stated that in the absence of
othar bone diseases the plasma phosphatase in fluorosis formed a
sensitive test for the toxic effects of chronic fluoripe poisoning.
Ellis and Maynard (1936) stated that analysisfor fluorine in bone
was a more sensitive measure of fluorine damage than the enamel
pigment changes that occur in rats exposed to elevated levels of
dietary fluorine.

Crampton et al. (19:4) reported that the maximum height of the

odontoblast cells of guinea pig incisors was related to the daily dose
lavel of vitamin C. Uhen odontoblast heights in microns were plotted
against the logarithm of the daily dose of ascorbic acid, the relation-
ship was linear between intakes of 0.9 and 2.0 milligrams of ascorbic
acid. A bicassay for ascorbic acid using the guinea pig as the test

animal and the height of the incisor odontoblast cells as the

criterion was successfully established by these workers (Crampton 194L7).
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EXPERIMENTAL PROCEDURE,

Phase I. The Determination of a Basal Diet for Fluorine Bioassav.

At the outset of these studies it was necessary to develon a
diet that would be nutritionally satisfactory, acceptable to guinea
pigs, and at the same time contain a high proportion of roughage in
the form of a forage crop. A small scale feeding trial was therefore
conducted using three differcnt levels of ground hay incorporated into
a complete diet in pellet form. It was proposed that the assay period
should be of six weeks duration.

Animals.,

Three groups of two female guineca pigs each, about three to four
weeks of age, were used for this test. They were housed in individual
cages and each groué fed one of the three diets to be described, for
a period of six weeks. At the end of thc feeding period the test animals
vere killed with chloroform and subjected to a post mortem examination.
Diets.

Three experimental diets were formulated as follows:

Diet Grain lix Hay Mix
A 250 755
B 505 50313
c 5% 5%

The three diets were pelleted for feeding.

Composition of Grain Mix.

The composition of the grain mix was Macdonald College guinea pig
diet Wo.10 with beet pulp omitted. The percentage composition was as

follows:




Percent
Cat groats 5.0
Wheat 25.0
Soybean oilmeal 12.5
Skimmilk powder 15.0
Fishmeal 5.0
Dried Brewers' yeast 10.0
Molasses 5.0
Iodized salt 0.5
20/FO0S 1.0
Vitamin Supplement (291-A)%* 3.0

Composition of Hay Mix.

The composition of the roughage fraction of the diet consisted of
ground Timothy hay with added vitamins and winerals according to the

following formula:

Percent
Ground Timothy hay 95.5
Iodized salt 0.5
20/F0S 1.0
Vitamin Supplement (291-A)* 3.0

In addition to the diet a daily dose of one milligram of ascorbic
acid was administered orally to each guinea pig.

The diet and water were supplied ad libitum.

* The composition of the Vitamin Supplement 291-A was as follows:

Dry Vitamin D (750,000 I.U./1b,) .097 grams

Dry Vitamin A ( 5,000 USP units/gm.) .320 "

Dry Vitamin E ( 20,000 I.U./1b.) 227 "

Sucrose to make up %.000 grams of
supplement.
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Results.

Post mortem findings.

Necropsy of the guinea pigs at the end of the six-week feeding
period did not reveal any gross pathology.

Weight cains and feed consumption.

The average gain in weight in six weeks for each group of guinea

pigs, along with their total feed consumption is shown below:

Diet group and Weight gains in Feed consumption

hay content (%) grams after G weeks in grams for 6 weeks
of diet (average of 2 animals) (average of 2 animals)
& (75%) 175 1300
B (50%) 230 1575
C (25%) \ 130 1050

The highest feed consumption and the greatest gain in weight was
attained by the guinea pigs on diet B, However the guinea pigs on dict A
consumed almost one-third again as much hay as did the animals on diet B.
Although the weight gains of animals on diet A were inferior to those
achieved by the animals on diet B their rate of gain was comparable with
that achieved by a similar group of guinea pigs that had been fed a
standard guinea pig colony diet on a previous occasion (see Appendix
Fig.I).

Based on the absence of any gross post mortem pathology attributable
to the diets fed and the fact that a high consumption of hay was a
priority requisite for a fluorine bioassay of forages, diet A, that

contained 75% hay, was adopted as a basal diet.
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Phase IL. Preliminarv Fluorine Feedine Trial.

This trial was conducted primarily to gain some insight into the
histological problems that might be encountered in a bioassay based on
measurcment of ameloblast and/or odontoblast cell heights. As a
secondary consideration we also wished to learn whether or not fluorine,
up to about 79 p.p.m. in the diet, would depress feed consumpticn to the
point where a bioassay would be complicated by "'starvation effects' or
other complications of suboptimal nutrition.

Animals.

Twenty-eight male and seven female guinea pigs, four to six weeks
of age were randomly assigned to seven experimental diet treatments
according to the following plan:

Allotment Plan

Lot No. Diet treatment Mo. of
guinea pigs

1 Basal diet 5%
2 Basal diet + NaF 7.5 mg/kg air dried feed 5
5 133 1 1 NaF 15.0 t 1A) 1" " 5
)‘l 1 13 4 NaF 50.0 1" 1" " 1 5
5 1" I + NaF 60.0 1t 1 " 1 5
6 Basal diet made up with Hay A #% 5
7 Basal diet made up with Hay B %% 5

% Four males and one female per lot
%% F contaminated hay (approx. 50 p.p.m.)

¥¥% T contaminated hay (approx. 100 p.p.m.)




It was realized that this plan confounded the effects of
"kind of hay" and '"source of fluorine” and that this would render
interpretation of weight gain data more difficult. The plan deficiency
was accepted however because it did not seem likely that it would
interfere with the attainment of the primary objectives of this trial.

The guinea pigs were housed individually in wetal cages with
perforated floors. Teed and water were provided ad libitum. A weekly
record was kept of the animals' body weights. At the start of the trial
each guinea pig was assigned a separate feed container which was filled
with the allotted diet and then weighed. The cage feeder was filled
as often as necessary from this container. At the end of the first
week the container and the remaining contained feed was again weighed
and the difference in weight entered on the individual record sheet
of the animal as feed consumed during the week. This procedure was
repeated at each weekly weighing period. Observations on each animal
were also recorded at the time of weighing and any abnormalities were
noted on the individual record sheets. At the end of the six-week
experimental period all animals were killed with chloroform. They
were then examined post mortem for any gross pathological changes.
At this time the mandibles were removed, dissected free of adhering
soft tissue, and transferred to a ten percent formalin solution.
Diets.

The diet previously referred to as diet A and described in
Phase I was the basal diet used. In lots six and seven (see allotment

plan), hay samples A and B were substituted for the Timothy hay used
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to prepare diets 1-5. These two hays wore obtained from £luorine
hazard areas where previous chemical analysis had revealed a fluorine
content of under %0 p.p.m. in the case of hay A and over 100 np.p.m.
in the case of hay B.

" The sodium flugride added to the diet of lots 2 to 5 was prepared
as a solution containing 2.20 grams of sodium fluoride per litre of tap
water. Measured amounts of this sclution replaced equivaleﬁt portions

of 1000 ml. of tap water uscd to dampen 2630 gram batches of the mixed

feed, prior to pelleting, according to the following plan:

Diet Lot No. NaF solution added Estimated p.p.m. F
to 25660 en. of feed in air dried diect
(ml.)
1 0 X

e Pl X4 7.5
5 Lo X 4 15.0
h ao X o+ 30.0
5 160 X + 60.0

In addition to the assigned diet each animal received an individual
oral dose of 0.2 ml. of an ascorbic acid solution that was prepared daily
by dissolving 90 mg. of ascorbic acid in 10 ml. of tap water. Thus
each animal was assured a daily intake of one mg. of ascorbic acid
over and above that which was derived from the diet. Previous work in
this laboratory has indicated that a dailv supplement of one ng. of
ascorbic acid per animal is reasonably reliable insurance against the
appearance of scurvy in growing guinea pigs on a non-scorbutegenic

diet.




Fluorine levels in the diets.

this trial were conducted by analysts at the Aluminum Laboratories,
Arvida, P.Q. The method used was one proposed by Harvey and Puxley
(1955). Values reported for seven test dicts and the corresponding

calculated values are presented in Table 1.

TABLE 1. Chemically determined and calculated fluorine levels in the
diets.
Diet p.p.m. fluorine in air dried Calculated p.p.m.
Lot Mo. diets by chemical analysis fluorine in air dried
dieis

1 =k 2h .o

2 30 51.5

5! 36 39.0

L s 5,0

5 8¢ alh.o

P
5 ¢0 -
T 78 -

o PRy | ]

The calculated amount of fluorine in diets 2 to 5 wvas estimated

—

5y assuming that the chemical analysis of the basal diet (Lot No.l)

prepared from Timothy hav was correct and the fluorine content was
E P Y »

actually 2h

PP
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It wiil he neted that there is reascnable asreement between the

calculated and the chemically deternined fluorine levels except in the

v
T

case of diet Fo.l vhere a discrepancy of 12 p.p.m. exists. Wor the

purpose of plotting fluorine levels against ameloblast and odontoblast
heights only, diet NMo.l was assigned a fluorime content of 50 p.p.m.
since this was the mean of the values obtained by chemical analvsis and

calculation (sce Appendix Figurs 3 to 2).

Feed consumption and weicht gains.

gains

Table Mo.2a gives the average feed consumption and weight
of the guinea pigs in each experimental lot over the sin-ucai: feeding
period.

At the outset it should be pointed out that the feed consunmption
nt

and weig aing of the guinea pigs in lots 1-5 as compared to those

. . “ 7 . . . -
of the animals in lots ¢ and 7 were potentially influenced by two

o/

distinct dietary factors as folloys:

(1) Lots 1-5 were fed the basal diet to which fluorine was added in
the form of sodium fluoride while lots & and 7 received diets in
vhich the fluorine content was derived from the presence in the
diet of fluorine contaminated hay (nature of fluorine compound
unknown ).

() Lots 1-5 werce fed dicts that coentained ""Timothy' hay while lots
Soand 7 received diets that contained a "mixed hav’ groun in a

4

luorine hazard area.

t




Thus both the “source” of fluorine and the "kind' of hay were
different for these two groups and thevefore differences in feed
consumption and/or weicht gains between the groups night have bheen
caused by the oneration of either one or both of thesa factors.
Analvsis of variance of the feed consumption data (see Table 2b)
indicates that there 1s no significant differences in feed consumption
between any of the seven treatment lots. There was a
consumption by the animals in lots ¢ and 7 that received fluorine
contaminated "mixed" hay. However uhen the feed consumption of
lots & and 7 was compared statistically with the feed consumption
of lots 1 to 5 the difference was not significant (sce Table 2bh).
Referance to Table Za shows that the weight gains of the guinea
pigs in lot 1 (basal diet) were inferior to those obscrved for any
of the other treatment lots excaept those that received the highest
level of added sodium fluoride (lot 5). He are not able to explain
the poor weicht gain performance of the guinea pigs in this treatment
lot. If the poor performance of the guinea pigs that consumed the
basal diet is disregarded for the moment there appears to be a
progressive decline in weight gains that accompanies increments of
sodiun fluoride in the diet for lots 2-5, That this effect was not
golely due to differences in feed intake vas shown by analysis of
covariance (see Appendix Table 1) and adjustment of weight gaine to
average feed intake (see Table 2a).

Analysis of variance of the weight zain data (seec Table Zc¢)

showed that there was no significant differences attributable to the
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seven fluorine levels in the diet. However when the observed weight

gains of lots & and 7 were compared statistically with the observed

Fh

welght gaing of lots 1-5 the difference was statistically highly
significant (P=.01). MHowever, as previously pointed out, the effects
of "kind of hav' and '"source of fluorine' were confounded in this
trial so that it is not possible to say which factor predominated in

producing the observed differcence in weight gains.




TABLE Pa. Average feed consumption and weight gains of guinea pigs on various levels and sources
of dietary fluorine over a six-week period.

Lot No. P.p.m. Observed feed Mean of Observed Mean of Height gainsl Adjusted
No. animals F consumption F source weight gain F source adjusted to mean of
gm/pig (k2 days) groups gm/pig (Lo days) groups average feed T sourcc

intake group

em/pig (12 days)

1 5 2l 1900 12 139
2 5 30 1820 166 171
3 5 36 1800 1834 161 1512 168 155
3 5 66 1360 149 150
5 5 86 178¢ 137 145
& 5 0 1945 185 ) 177
1957 1857 17s
7 5 76 1970 185 17k

Regression coefficient = 0.10L2

-

2 Wecessary difference between these group means at P=.01 is 1% grams.




TABLE 2D.

Analysis of variance of feed consumption data.

Source D/F Variance F Values

Obs. % 1%
Total 3
Between 7 F levels & ol 819 1 ARRITS -
Timothy hay + HaF vs.
F contaminated mixed
hay 1 106,945 260 lo1 -
Error o7 40,784
TABLE 2c. Analysis of variance of weight gain data.
Source D/F Variance F Values

Obs 54 1
Total 3l
Between 7 F levels G 1,84k 1.87 2.6 -
Timothy hay + NaF vs.
F contaminated mixed
hay 1 8,11 0.25 .21 T.68
Error I o7 985
Regression 1 2,770
Error IT 26 916
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Ante and Post Mortem Examination.

During the carly part of the experimental feeding period the guinea
pigs were affected with cutaneous eruptions around the face and legs.
There did not appear to be any relationship between the incidence of
this dermatitis and the fluorine levels in the diets. The skin
condition responded mederately well to local application of a
quaternary ammonium solution. The incisor tecth of certain animals
presented a chalky white appearance after several weeks on test.
Broken incisors were also observed. These teeth abnormalities were
considered to be possible fluorine effects but the incidence did not
appear to coincide with fluorine levels in the diet. Wo lesions
attributable to fluorine ingestion werec found on gross examination
of the visceral orsans.

Histolooy and Cell Measurements.

The mandibles were removed from the skull of each animal at the
conciusions of the necropsy. After freeing them of adhering soft
tissuec, the two rami were separated at the symphysis mandibulae and
were then transferred to 10% formalin. The general procedure adopted
at this laboratory for bringing the jaws through decalcification,
dehydration, clearing, infiltration, ecmbedding, sectioning, mounting
and staining is described in the Appendix under the heading of
Histological Technique.

Two or three slides, each carrying four mounted sections of lower

jaw wvere prepared for each animal. These vere then examined under
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the low (I 100) and high (¥ %00) power objectives of the microscope
and a single jaw section was sclected as vrepresentative of the
particular experimental animal. This selection was madce on the basis
of correctness of plane of sectioning, presence or absence of
ameloblast and odontoblast cells, depth of staining, etc. The
thirty-five scctions thus selected vere then studied more closely
using the high power objective of a microscope fitted with a
calibrated ocular micrometer. Ameloblast and odontoblast cell heights
appcared to vary in any given section depending on their location
along the long axis of the incisor tooth. Figure 1 shows micro-
photographs of one of the histological sections of a guinea pig
mandible and clearly illustrates this difference in ameloblast cell
heights. In the case of the amcloblasts it was considered that
seven reasonably distinct areas of cell heights were discernible in
most scctions. A diagrammatic sketch of a typical lower incisor
section showing these arcas is presented in Appendix Figure 2.
Measurements of typical ameloblast and the odontoblasts in direct
apposition, were therefore wade in cach of these seven arcas. In
many scctions it was not possible to obtain measurcments at all of
the arcas. This was due to the loss of certain cells during the
preparation of the slides. In the casc of the odontoblasts it was
usually impossible to find cells in area number 77, because the
odontoblast has lost its function and disappeared as a recognizable
entity at about the level of the proximal end of the pulp cavity.

The data accurmlated from thesc measurements are surmarized in

Tables % and li.
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Histological section of a guinea pig mandible (X8)
showing several measurement areas.

High power (X200) of area No.l. High power (X200) of area No.3.

%

High power (X200) of area No.lk. High power (X200) of area No.5.




TABLE 3.

Average ameloblast heights in relation to diet and area examined.

Area Treatment lots Area
measured average
1 D 3 h 5
1 ce.G(5)r  28.0(2)  eklo(m)  27.4(5) 18.5(2)  ea.3(L)  25.5(k) 26.9(23)
2 ze.5(0)  30.8(5)  35.5(W)  35.5(h)  2ko(3)  ZhS(H) 0 25.6(5) 1.2(29)
3 Wer(s) o 38.8(5) 0 39.5(h)  LL.g(k)  s0.0(2)  ko.7(5)  53.0(2) hg(28)
! el.h(5)  17.0(3)  20.0(3)  19.5(4)  16.5(2)  e1.3(5)  19.0(1) 19.8(23)
5 31.8(k)  26.0(5)  28.0(k)  25.6(5)  23.0(5)  27.2(5)  23.k(5) 26.2(3%)
6 20.3(%) 23.0(5) ol o(h) 26.7(3) 15.8(%) 2%.0(5) 18.2(5) 21.7(30)
7 19.5(4)  23.8(%)  21.3(k)  2h.7(3)  17.3(3)  20.2(5)  20.2(5) 20.9(28)
Treatment
average 29.41(31) 27.3(29) 27.9(26) 29.2(28) 23.0(21) 29.3(%3 ol 3(27)

*Figures in brackets represent the number of observations contributing to the average. Maximum = 5

P



TABLL I, Average odontoblast height in relation to diet and area examined.

Area Treatment lots Area

measured 1 2 z L 5 6 7 average
1 51.0(5)%  2k.8(k)  27.5(4)  26.8(5)  22.5(2)  235.3(4)  2f.0(k) 26.4(28)
2 51.8(h)  z0.2(5)  27.8(%)  33.7(3)  33.0(3)  30.8(%)  33.2(5) 31.4(20)
3 30.0(5)  30.0(4)  26.8(%)  3h.7(3)  Who(2) 0 39.4(5)  30.0(2) 35.7(25)
4 32.3(4)  29.0(3)  25.3(3)  32.3(%)  33.0(2)  36.4(5)  59.0(1) 23.1002)
5 30.0(3)  2r.0(2)  23.7(3)  28.0(5)  32.0(k)  3k.8(5)  h0.0(5) 51.5(29
5 26,0(2) 2L.0(2) 2¢,0(1) 30.3(3) 28.5(%) hi1.0(5) E0.5(5) %3.0(2p
7 s6.0(1)  39.0(1)  26.0(1)  38.5(2)  zho(1)  36.2(5)  47.0(3) 58.1(1k)

Treatment

average 70.8(2h)  28.3(23)  26.4(20) 31.0(25)  32.0(18)  35.0(33) 38.0(25)

*Figures in brackets represent the number of observations contributing to the average. Maximum =

\JI
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fnalvsis of variance for odontoblast heights as shown in Appendix
Table 2 indicates that there is a highly significant difference between
the fluorine treatment lots, P=.01. As we anticipated, there is also
a highly significant difference between areas where measurcments were
taken. There éppears to be no interaction between areas and treatment
levels. Thus it would appear that the selection of a definite area
for measurement would have an important bearing on the establishment
of a possible bioassay technique.

Essentialiy the same finding applies to the ameloblasts. Analysis
of variance for ameloblast height is presented in Appendix Table 3.
From the observed T value for locations measured it would appear that
the site of measurcment is even more critical for this cell tvpe.
Since both these analysis reveal significant differences between
fluorine levels it was decided to plot ameloblast and odontoblast
heights against the fluorine levels in experimental diets 1 to 5,
The fluorine in diets § and 7 was present as a contaminant of the
hay used in the diet preparation. For this reason the cell height
values cbtained from animals on these diets are indicated separately
on the graphs shown in Appendix Figure 3 to 9 inclusive.
Results.

It was considered desirable in the establishment of a bioassay
to reduce the histological technique involved to as simple a procedure
as possible. Thus the ideal would be to select only one cell type

that could be casily measured several times in just one area. The




area sinould Bbeo such that it could be readily found on all sections
and preferably ore that would alloy some latitude in sectioning
technique.
With these several cunsiderations in wmind it was decided that
the ameloblasts in area 9 approached the ideal most closely. ieference

-~

to Table 7 shows that 3% out of a ponssible 3% measurements were obtained
in this area. This would indicate that the cells in this location are
not so often lost cduring preparation of the slide. With the exception

of the cell height value for the second dietary fluorine level (sece

Appendix TFig.7) an indication of a straight line relationship between

o
e

cell height and fluorine level would appear to exist in this case.
somewhat similar relationship is apparent for the ameloblasts and
odontoblasts in area one (sce Appendix Fig.ﬁ); however, the examination
of this area demapds very careful preparation of the sections especially
in proper alignment of the bloclt when cuiting ribbon sections.

The odontoblasts in area % (Appendix Fig.ﬁ) and the ameloblasts
in area % {4ppendix Fig.f6) wmight also have been considered but for the

Tables # and I shous that only about 50 of the

i

fact that reference to

possible cell neasurements were obtainable in these arecas. Thus it
would anpear that cells in these zones are easily lost during preparation

The original premisc that fluorine wmight affect ameloblast height

in linear relationship was partially borne out when measurcments were

made in ares .
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Since levels of fluorine in the diet ranging from 2! to 85 p.p.m.
did not significantly affect feed consumption of young growing guinea
pigs over a siun-week period, it was concluded that this species would
be satisfactory as a test animal in which fluorine-containing forages
might be assayed.

Statistical analvsis of the weight gain data obtained from this

trial did not warrant a definite conclusion in regard to the relative

effects of fluorides from different sources.
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PHASYE TIITI. Fluorine Feeding Trial with Two Levels of Ascorbic Acid
in the Diets.

Ascorbic acid deficiency in the diet of young growing guinea pigs
ig known to cause a dimunition in height of their incisor odontoblast
cells. The results of Phase LI indicated that fluorine excess had a
similar effect when cell heights were measured in certain areas. It
was therefore considercd desirable to examine both of these {actors
in the one experiment to see if different levels of ascorbic acid might
be a complicating factor in a potential fluorine bicassay based on the
measurement of ameloblast or odontoblast cells.

Vhile the results of Phase IT made it apparent that ameloblast
and odonotblast heights were affected in a somevhat linear fashion
by dietary fluorine increments it was by no means certain that the
range in microns would prove to be of practical use in a bioassay
procedure for forages. For this reason several other potentially
useful criteria were also examined in Phase III, including the effect
of fluorine on feed consumption and body weight gains, digestibility
of nutrients and bone storage of fluorine. The fecal excretion of
dietary fluoridc was also compared for guinea pigs receiving fluorine
as NaF and in the form of fluorine-contaminated hay.
Animals.

Forty guinea pigs were weaned at three weeks of age and fed in
groups a basal diet high in roughage, as described in Phase I. When
each animal had learned to eat the diet and had reached a weight of

250 grams (for females), or 275 grans (for males) it was allotted at
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randon to one of ten dietary treatments (2 females and 2 males per lot),

as shoun in the following allotment plan:

Allotment Plan

Type of hay Diet Level of Daily dose of ascorbic acid¥i
No. Nal' added
to the diet* 0.5 mg. 1.0 mg.
1 nil lot 1 lot 6
pens 1-k pens 21-24

Macdonald 2 K lot 2 lot 7
pens 5-8 pens 25-28
College
Hay 3 ox lot 5 lot 8§
pens 9-12 pens 29-32
b L lot lot 9
pens 13-15 pens 3%=30
Fluorine- 5 nil lot 5 lot 10
contaminated pens 17-20 pens 37-40
Hay

¥* WaF added in the form of a solution containing 2.2 mg

o. NaF per ml.
tap wvater.

pre

#% X = 80 ml. of this solution per 2660 grams diet (or 30 p.p.m. F).

*%% Administered orally as a 0.5% sclution of ascorbic acid in tap

water in amounts of 0.1 ml. and 0.2 ml. respectively.
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fLnimals vere housed individually in cages with perforated f£loors.
Feed and water were provided ad libitum. Animals were weighed
weekly and a record kept of live weight changes and feed consumption.
At the time of weighing each animal vas inspected and any abnormalities
noted on individual record sheets. During the second weck of the test
samples of feces were collected from cach lot for determination of
digestibility by the Index method, using chromic oxide as the indicator.
At the termination of the feeding period the animals were killed with
chloroform and examined post mortem. The lower jaws were removed for
histological study as described in Phase II. The femurs were also
removed, cleaned of soft tissue and stored pending analysis of their
fluorine content.
Diets.

Pive test diets were fed that had the following general mixing

formula.

e

General wixing formula for test diets.

Ingredient Amount
grams) (%)
llay (ground) 1810 £5.0
Vitamin-Mineral Mix No.300 3.5
Grain Mix Jo.2 2% 6
Molasses 4.0
100.0

Vitanin-tineral Mix No.309 (<) Grain Mix No.2 (%)
Dry b (750,000 I.U./1b.) & Qat groats e
Dry & ( 10,000 USP Units/gm.) 5 Wheat ol

- ~ . " "t
Dry & ( 20,00 I.U./lb.) = Soybean oilmeal 1o
CxnOx 36 Skimmilk powder 14
Salt 11 Fishmeal &
Dynafos o Dried Breuvers' veast 10.5
Cornstarch Vit-Min. Mix o.%00 b=




Diet 1. liacdomnald College hay wvas used in this diet after it had bheen
ground to a coarse powder. The dry ingredients were weighed
and then nixad in a Hobart miner. A litre of hot wvater was
then minad with the 1350 grams of molasses and the whole added
to the dry ingredients and thoroughly mixed. The mixnture was
then pelleted and dried.

Diet 7. This diet was prepared exactly as described for diet 1, with

the excention that 00 ml. of WaF solution (2. grams NaF per

litre of tap water) replaced an equal quantity of the hot
water.

Diet 3. iLs for diet 2, but 160 wml. NaF solution was used.

i 1

PP | I . . - . s
Diet . as for diet &, but Z20 ml. llaF solution was used.

2

Dict %. As for diet 1, but using hay from a fluorine-hazerd area
instead of Macdonald College hay.

Ascorbic Acid.

Gach gquinea pig was dosed dailv with an aqueous solution of ascorbic

The ascorbic acid solution was prenared deily by dizsolving

o

U2

acid.

B0 milligrams of ascorbic acid in 10 m?. of tap water. Animels in

lote 1-5 wore given 2.1 ml. of this selution per day vhich gave them

{

5-10

a dietary supplement of 0.5 mg. of ascorbic acid daily. Lots 5-
were given 0.2 ml. of the solutlion daily which gave this group a daily
bic acid susplement of 1.0 mg. Both groups were given a double

dose on Saturday and none on Sunday.

Fluorine levels in diet and feces.

Chemical determinations of the amount of fluorine present in the

1
i

llectad during the seceond weck on test,

vere conducted by analysts at the Aluminum Laboratories Limited,

4

Arvida, P.C., using a method proposed by Harvey and Puxley (1955).
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Unfortunately there was an insufficient amount of feces collected to

enable analysis of each experimental lot. It was therefore decided

I

to pool the feces of the two ascorbic acid levels as far as flueorine
determination was concerned,
Fluorine 'evels in the diets and in the feces voided by animals

on these diets are shown in Table % along with the calculated amount

of fluorine in diets 2 to 5.

TABLE 5. Fluorine levels in the air dried diets and feces
of guinea pigs.

Diet Animal p.p.m. F in diets by Calculated p.p.m. F
Lot Mo's. chemical analysis p.p.mm. F in in feces
diets
1 1 and & 19 - 10
o 2 and 7 Lo s 1
> 3 and 70 e 51
It 4 and © 130 139 55
5 5 and 10 112 - &9

It wiil be noted that again there is rcasonable agreement between
the calculated levels of flucorine in the diet and the level determined

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

i.e. 9 p.p.m. This might be explained if one makes the assumption that

1
the level in the basal diet was actuaily lower than that reported.

Difficulty in obtaining truly representative samples from a batch of

mixed feed may account for the discrepancy.
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Ante Mortem and Post Mortem lxaminations.

Ante Mortem Inspections.

At weekly inspection of animals the occurrence of chalky white
and broken incisors was noted toward the end of the feeding period.
This lesion did not appear to be confined to the individuals in any
particular group but was observed more frequently in the higher
fiuvorine dietary lots.

Most animals in the highest dietary fluorine lots, i.e. diet
lots 4 and 5, had lost weight during the last week on test which was
taken to indicate that the cumulative effect of high fluorine intake
had begun to exert a deleterious effect on general metabolism.

Post Mortem Observations.

Necropsy did not reveal any specific gross lesions attributable
to diet treatments.

Feed Consumption and Weisht Gains.

The total feed consumption over the six-week period for each
animal in the trial is shown in Table ©a with analysis of variance
of this data presented in Table (b, Fluorine levels in the diet had
a highly significant (P=.01) effect on feced consumption as did also
the sex of the experimental animal. The analysis also reveals a
significant (P=.05) interaction between fluorine ingestion and sex
on feed consumption. This interaction is illustrated graphically in
Fig.?, and reveals that the males increased their fced intake with
increasing fluoride intake up to about 70 p.p.m. in the diet. TFemales,
on the other hand, had diminishing feed intakes with each increment

of fluorine in the diet from 20 p.p.m. to 130 p.p.m.
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TABLE fa. Total feed consumption of guinea pigs in grams for a six-week
feeding period.

Diet Lot No. 1 2] 3 I 5
| Anima’s/lot 8 8 8 2 2
1
{
_ g p.p.m. 19 Lo 70 130 112
Sex Ascorbic
. acid
§ 0.5 1306 1408 1615 118" 1537
; : 1hes 1380 1538 1340 1300
Y
' l 1.0 1393 1605 50% 1000 130
134% 1541 18831 1389 1490
‘Sub-totals 5547 5051 6537 5200 5647
% 0.5 1570 1359 1408 1196 1302
: ! 1h2o 1196 1206 112% 1309
F
: 1.0 1hah 151L 1275 117% 1hop
| 1369 1575 1591 1171 10g
Sub-totals 580% Sl 5350 ee 5530
Totals 11370 11598 11897 98A9 11179

% Not included in analysis of variance since I' present in diet as
contaminated hay.




TABLE Cb. Analysis of variance of total feed consumption.

i
\H

Source D/F lean square F Value
variance

Obs. 549, 1%
Total 51
Fluorine levelg* 3 94,157 8.80 3.2h 5.29
Ascorbic acid 1 20,261 2.0%  bhg 8.5%
Sexes®¥* 1 119,316 10.9%  L.,ko 8.5%
T AA 3 16,753 1.55  3.0°b 5.20
F % Sex* 3 Ll ol L.os  3.2h 5.29

AA M Sex

\.\.
O
g
-1
N
—

F x AA 7 Sex

SN
A
.
o]
-3
D
AN
;_—J

f._l
5N

mrror 10,920

% Significant (P=.05)

*¥% Highly significant (P=.01)




FIG.2. The interaction of fluorine and sex on feed consumption of
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The total weight gain achieved by each animal is shown in Table 7a,

with the analysis of variance for this data presented in Table 7b. As

would be anticipated from the feed consumption analysis, fluorine levels
in the diet had a highly significant effect on the animals' total weight
gain (P=.01). Although the cffect of sex was not significant according
to this analysis, when the weight gains of males and females are plotted

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

the males being able to tolerate higher levels of fluorine (sce Fig.3).




TABLE T7a. Total weight gains of guinea pigs in grams for six-wveel

feading period.

\\\\\ Diet lot No.

1 8 3 i %
Animals/lot S 3 8 & 8
p.m. 10 o) 70 170 112
Sex JAscorbic
acid
0.5 nl 36 17k 55 1=7
120 137 156 59 115
M
1.0 ne 195 159 -20 95
! 10% 152 207 9o 161
Sub-totals 188 500 56 180 508
0.5 127 o7 1P4 71 80
1h1 143 182 o1 136
F
1.0 17 160 106 66 05
179 176 150 ol 145
Sub-totals 59 576 56k £50 54
Totals 1062 1076 1230 te o6k

*Not included in analysis of variance since F present in diet as
contaminated hay.




TaBLE “b. Analysis of variance »f total wveicght geins.

Source D/F Variance I Yalue
Obs. 5 1)

Total 31

Fluorine lavals™* 3 15,870 1h, b 5,00

Ascorbic acid 1 2,008 1.86 PR

Sexes 1 TR0 <1

F ¢ AA 3 3,376 3.07 5.0k

F s % 1,118 1.02 5.0h

AA X S 1 1,001 1.09 g

F 2 € 3 ol e

Lrror 16 1,008

*% Highly significant (p=.01)




FIG.%, The effect of dietary fluorine on total welght gains of male and
female Gujinea Pigs.
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Coofficients of Dimesivibility.

Table & summarizes the percent digestibility of the five

o
1

experimental diets and their fluorine content,

ity of diets.

H

TABLE 0. Fluorine content and digestibi

Diet D.p.T. Percent Digeostibility
ilo. F Dry Crude Lther N.F.L. Crude Calories
matter nrotein extract fiber
1 10 L9 037 a5.h 5h.n A b8
e 50 0.7 a7 0.0 2TLE he.8
% 70 h7 0.7 o7.5 5.5 oLy ha 6
L 150 50 G0 ahz 0.0 10,7 W7 8
5 110 51 ok .o 50,7 0.8 hr.h

It will be noted that the chemical values in

o

the two ascorbic acid levels. This w

)
w

necessary because of the

aifficulty experienced in obtaining sufficient feces for analysis fron

only four animals.

Only the dicestion of crude fiber appears to be correlated with
tha [iuorine content of the diet (sec Fic.l'). The dicestidility of

he crude fiber for diet Mo.5 is showm separate™v on this graph.
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FIG.- - Relationship between fluorine in the diet and digestibility
of crude fiber
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Fluerine Storans in Dones.

e fevwrs removaed from the experisental arimals at post noriem

4
'

were submitted te the Aluminun Laboeratories, srvida, P.G. for fluorine
analysis. Tine four femurs from cach lot were ground, ashed and poecled
as one sample for the purpose of analysis. Table 9a shows the flusrine
valuecs obtained and Table b presents the analysis of wvarianca for

this data.

As might be anticipated from a perusal of the raw data, fIucrine
level in the dicet had a highly significant effect on fluorine stovage in
the bone. Ascorbic acid leveis did net influence this sinrage. The
bic acld levels yere therefore avarazed for each diet lot muber
to give a Dbetter estimate of the fluoride storage in the bonaes at cach

Tuorine level., Fig.® illustrates graphically the velationship

of dictary F'uorine to bone storage of fluorine. The averace fluorine
content of the femurs of zuinea pigs in dictary lot 5, wherein the

fluorine in thoe feed vas nresent as contaminated hawv, is indicated on
nh geparatelv., It will Le noted that this valua s

xrasents the confidence Limits

caleulated from the observed date.
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TABLE . Fluorine in zuinea »nic Feormir ash.
- [\ - [l
‘ - - 1 .
: Dict Lot Mo, 2 o 3 L e
F oo, 10 ho 70 110
Dl P

- . —1 U =
0.5 ne/day a5 OO 5700 S
~ = oV e FLOT I a%
1.9 mg/day Sl 7575 SRS, =00

e RV e N e
Totals 1725 lyes DO 10050 GO0

TADLE Oh. Analvsis of variance of fluorine in bone ash data.

Source D/F Variance F Value

et Y
Obs. T 1(,‘)

Total 7

¥ lovelg®s 7 7,000 k57 001,77k .08 200G
Ascorbic acid H 708 <1 - -
Srror B! 37,707

¥ Mot included in analysis - F present as contaminated hay
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FIG.5.~ Fluorine in Guinea Pig Femur Ash in Relation to Fluorine
in the Diet
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Histological sections were prepared and examined in the manner

previously described in Phase IL. In the cese of the ameloblasts,

-

the heights of the three highest cells were measurcd in the arca
previously designated as area No.5 for each incisor section. Tae
numerical valucs were then averaged and converted to microns as the
best estimate of the ameloblast height for that particular section.
Table No.1l0a presents the data accumulated from these measurements
with the analysis of variance of these data presented in Table 10b.
Fluorine levels in the diet had a hishly significant effect on
amcloblast heights thus confirming the results obtained in Phase IL.
Although ascerbic acid levels produced no significant effect on

ameloblast heights under the conditions of this experiment, it will

be noted that there is a barely significant effect on cell heights
attributable to the interaction of fluorine and ascorbic acid levels
in the diet.

Figure { depicts graphically the effect of ascorbic acid and
fluorine levels in the diet on amcloblast heights. dxamination of
this graph would suggest that increased ascorbic acid in the diet
tended to enhance the effect of flunrine when the element was present
in the diet at.levels above approximately 80 p.p.m. Reference to
the data on body weight gains as presented in Table No.7a would suggest

that some of the animals on diet lot L were suffering from severe

fluorine toxicosis by the end of the feeding periocd.
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TABL: 12a. Amcloblast heights of male and female guinza nics fed
eraded amounts of fluorine at two ascorbic acid levels.
Dict Lot M. 1 2 i il B
\\\ Aninals/iot 3 O a S &
ALY
Ascorbic F p.p.m. 15 Lo 70 130
acid Sexx
i M [ale} (AR A0 A ~
. L hAY: o k) 0 =
IO} ’;8 o0 R f_;h 7
g /day
; ¥ 25 29 o7 2l 25
; . / 2"
L %% 27 a7 2% zh
E
tSub~totals 115 111 100 <le 0%
; i M 50 o 0o 17 ald
i X e N Pl ale
fo1.0
! rr/d r T e e, e 1 N
mz/day I 2 20 2] L7 25
30 =0 ATES 18 0%
Sub-totals 116G 106 108 6 100
- — ~ - - -
‘Total 231 22 207 160 105
t
!
lAverage
iAmelobiast heichts 28.¢ 27.5 25.0 AR 2,1

ot included in analysis of variance since fluorine in diet
as contaminated hay.

was present
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TABLE 10b. Analysis of variancce of ameloblast heights,
Source D/F Variance F Value
Obs. 5 1%
Total 51
Fluorine levelsg# % 115 16,6 =0k TAL.
Ascorbic acid 1 18 2.0 h.oha 9.5%
Sexes 1 5 Z1 - -
F oAb 3 0e 66 3.32 5.0k 5,20
F > Sex 3 1 <1
AA X Sex 1 0 <1
F ¢ AA  Scex = o <1
Error 16 .81
% Significant P = .05

Iy

% fHichly

gienificant P = 01




FIG.6. The effect of fluorine and ascorbic acid in the diet on the
height of Guinea Pig incisor ameloblasts
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In this comaectieon it is intorescine to note that the animal

- ’ . N . . . -
vy affccted (as ‘udqed by a negative weight zain) also had

-

the most sevevely depressed incisor ameloblast

L

]

(see Tab!

Animal lots that roeceived dietarr fluorine in the form of contaminated

hay arc shown separately in Fig.<. It will be noted that their amelo-
blast heishts fall above the lines followed by the sodium fluoride-
treated animals for both dietary levels of ascorbic acid.

fire method of measurenent of the odontoblast cells dififered from
tiiat used In the previous trial. In this experiment the three highest
cells seer in the section were measured and the averase of the numerical
values talen as the best estimate of the maximum odontoblast heicsht

1

for that particular animal. This method conforms more clioscly to that

9]

emploved by other workers in this laboratory in the bioassav for
vitamin C. Table No.lla shows the data accumulated from these
nmeasurcnents. Analysis of variance of these data is presented in
Table 11b.

The effect of f{luorine on odontoblast heigits was highly

ignificant statisticaliv. Sex alse exerted a statistically sicnificant

o

n

cffect on the heiphts of these celis under the conditions of this trial,
Fig.7 depicts oraphically the effect of fluorine in the diet on the
height of the odontoblast celis of rmale and female guinea »nigs. The
treatment lots that received flunrine in the form of contaminated hay
arc indicated senarately on the graph. It will be noted that their
sdontoblast cell heights also £all above the Zine followed by the

sodiwmn fluoride treated animgls.




TABLA 1la. Cdontoblast heights of male and female guinea pigs fed
graded amounts of fluorine at twe ascorbic acid Tevel

%

~QV

i
: Diet Lot Uo. 1 e b h 5
7;
: Animals/lot & 2 8 9 &
3
Ascorbic F p.p.m. 19 Lo 70 130 110
acid Sex

1

! .

0.5 i 75 L3 36 o, 30)
‘mg [day L5 50 n8 A 5k
' M
H 4 = 0 ) z
i 1.0 20 o7 le i 2
Eug/day 3k % 51 52 By
; ;

.Sub-totals 1o 157 125 108 158

0.5 : 1) ik 30 07 553
‘mg/day | 5% 11 %45 37 AL

¥

1.0 sl =Y X1
mg /day 35 i1 30
ESub-totals 150 160 11 131 19
{Total 310 %10 064 230 205

¥ Not inciuded in analysis

of variance since fluorine

present as contaminated hay.

in the diet was




TADLE 1'b. Analysis of variance of odontoblast heichts.

Source D/F Variance I Value

- Obs. 54 1,
Total 51

Fluorine levels¥ ) 196.66 9.66  m.2h 0 5.29
Ascorbic acid 1 Ly, 2,00 Lo 3,53
Sexes 1 108, 6,30 hhg o 8.53
F : AA 3 1. 2.51 5.0 5.29
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FIG.7. - The effect of fluorine in the diet on the height of the
inciscr odontoblasts of male and femzie Guinea Pigs.
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RASULTS AND INTEGRATING DISCUSSICK.

Feed Consumption and Body Weicht Changes.

In the first fluorine feoeding trial (Phase IT) feed consumption
and weight gains were not affected significantly by the levels of
fluorine in the diet. The range of fluorine in these diets was from
2 to 85 p.p.m. In the second fluorine feeding trial (Phase III)

a range of fluorine content in the diets of from 19 to 130 p.p.m.
produced statistically significant differences in feed intake and
resulting weight gains.

Hany workers in the field of toxiconlegy prefer to eipress the
toxicity of cumulative poisons on the basis of milligrams intalie per
kilogram body weight per day. These values were calculated for the

1
i
i

guinea pigs in Phase IIL. The mean weight achieved during the

six-weel period and the average feed consumption per day were computed
for each animal on test. Expressed in terms of milligrams per kilogram

body weieght per dav and as millicrams per unit metabolic size per day
v o b o =) X o

the fluorine intakes of guinea pigs on diets 1 to 5 are shown in

Table 12.




TABLY 12. Fluorine intakes of guinea pigs on diets varying in fluorine content.

Ue. F/ke. B.Y./day Mz.F/ (W T2)" per day
Dict Lot Uo, p.p.m. F in diet Males Females (males ;%d females)
1 19 1.7 1.9 1.4
2 50 3.6 5.0 2.0
5 70 6.8 6.3 5.1
5, 130 ©10.9 11.0 8.3
5 112 10.0 10.7 8.0

% Unit metabolic size



Ch

1de

It is interesting to note that the actual intale of [luorine per

unit body weight is essentially the same for males and females in
diet lets 1 to #. This would suzgest tnat where sex differences have
occurrad in this trial they are true effects and not merely due to the
nossibility of one sex receiving a more toxic dose of fluorine duc to
smaller size or greater feed intake per unit size.
Depression of weight gains in voung growing guinea pigs might

have been considered as the criterion for a fluorine bioassay. However
ik

reference to fig.” would indicate that weight gains are not affected

g
marxedly on dicts containing less than 70 p.p.m. fiuorine.

The original purpose of the develcpment of a bioassay for fluorine
was to detect reasconably small differences in fluorine content of
contaminated forages. It would be desivable to be able to differentiate
betueen levels of 10 p.p.m. over a range of forages bearing from 10
to 100 p.p.a. fluorine for example. Since body weights do not appear
to be affected until a level of somewhere around 70 o.p.m. is reached
it would not be feasible to establish a dosagze responce curve based
on this criterion.

Digestibility of Tutrients.

The observed depression of crude fiber digestinn that zccompanied

increasing fluovide content in the diet was interesting. Decause of

b

v

the small aunber of observations made in this experimental serics no
definite conclusions could be established. A possible explanation

mizht be that fluorine clterts a deprescant effect on the nicroflora

in the caccum of the animal thus innibiting the brealidmwm ot cellulose.




- FTluorinae,

wierancs to Teble ) reveals that the fluorine centent nf

the fecos of animelo consuning dict Holl (fluarine content derived

+

fron contaminaiad

~

hay) is a'mosi double that nresent in the feces of

arinals coasvwing diet Dol (flusrine content derived from added MaF).
This would suggest cither greater absorpiion of flucrine as sodium

fluoride or that the fluerine 2rescnt in centaminaced hay ig less

4

available for absorptlion. Turcher suphort for this conianti-n is

. -~ . - a o
1Eforded b reference to Fiss, o and | which show that boin

and odontoblast heights wvere depresand less by fiusrine ir the diet

k)

]

as cortaninated hay than by an ecuivalent amount of fluoarine in th
dict as sodium fluoride.

Tuorine Storace in Done.

Tusvine content of the gulincea pilg femur boae ash aftoer a

Tevel of fluorine in the diet. Sven vhon allovance is made for error

in the cuenical anal luaride contenk, it s

passible tn differentiata hotweoan 70 nopaa. T oincrencnts in the diet
if this on were emploved in a bicassav of forages (soo Fig .
Unfortunata’> in tids it was not possible to ascertain

uvhether or not a sex difference occurs in fhe riatter of bona storage

ror: males and Zamales had £ be nosled to arovide
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Ddontoblast ieiaghts.

~ 1 gy 3 - 3 - . 1, oy yrmar
Cnl7 neasuroments of odontoblasts and ameloblasts nrore
disarpointing in both tvials as a potontial criteria of Jlunvinn

intale. oforonce to Appendix Fig.7 and alsn Fic.l shous that

at ¢ictarr T{luorine intakes rancing fron 20 n.p.m. o 70 pup.m. it
was only possibhle to demonstrate an ameloblaszt height depression of
about O microns. Since this would bz the potential usceful vange of

the binassay it is doubtful if a sonread of O niicrons is sufficient for

nracltica’ neasurcements o be made. The intervaction of ascorbic ocid

. . . I'4 r g .
and fluorine levels on ameloblast heishis {see Table io.10h) is

interestivg but not readily exnliicable, especially since ascorbic
acid alone annareantly had no effect on the height of thesa co2lls.

Since measurenents of

1 s a1
I

dontonlasts vere not made in the sane wvay
in the two trials, results are nct comparable, but based on Phase III

the sewme obiection can be raised against odontoblasts as @ hioassay

criterion of fluorina intake as was mentioned for ameloblacts.
That is, the depression in cell heighis is only about & microns over

intake of from 0 p.n.u. to A2 ».p.r.

a spread

X
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n2

~—

~1

r\rlj"_n' I, v

successiully mainteined on a

- - . . et I3 .
pelletaed diet consisting of 759 ground hay for a neviod of s3ix

veelis.  Thus this species micht be a satisfactory test enimal for

i

a bicassay of fluorine in forace crops.

Fluorine in the diet of voung guinea nigs depressed feed consumption
and weight gains vhen the level in the complete diet approached

70 p.p.m. This level represented an average intalie of appronimately
1

5.5 mg. per kg, body welght per day during the sizn-week feeding

pavind. In terms of mectabolic size, 70 p.p.m. in the dict resulted

e

! . .
intake of 5.1 mg/unit mectabolic size/day.

estion of crude fiber wac depressed by increasing increments

1

fluorine in the diet from a high of 25.1 sercent for the basal

4]

diat that contained 19 p.p.m. f£iuvorine to a lou of 19.7 percent for

X
tha diet that contained 130 p.p.m. fiuorine. It is theorized

iber digestion may be duce to

[} .4

F

that this denression in crude

nhibition by fluorine of the caecal microflora in this species.

The storage of f{luorine in the bone was increased in linear
relationshin to the aritom of the fluorine content of the diet,

This criterion appearad to be the best of the saveral considered

as far as reflection of flucrine intake was concerned.




128 of ameloblast and odontoeblast cels were progressively

denvessaed by iuncreasing increments of fluerine in the diets. In
this rerard however there did not anpear to be a sufficientliv
creat enouzh change in height per unit £luorine increment to
warrant consideration of this phenomenom as a bicassay criterion

for [luorine-containing forage crops.

"

A osenr difference in fluorine tclerance was observed especially in
so far as feed consumption and weicht gains were concerned. In

p bes 3
this regavd male guinea pigs appeaved to withstand highoer dietary

intales of fluorine than did females. This would suggest that

=

sex should be considered in fluorine feedins experimonts where

cuinea nigs are the test animal.
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APPENDIX FIG. 1.

Aversge cumulative gain in grams
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Cumulative weekly weight gains on diets of varying
hay content.
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HISTCLOCICAL TOCHEIGUD.
LUt

xation.

|-

ues were

. . 1 ] » NP - .
After o mininurm of 48 hours in 1045, formalin the tiss
£ nrolonzed

rinsaed in water and transferred to oOa alcohol i
storaze was ant1c1pated.

/ T - . . 4 -
(1) 7The expssed portion of the lower incisor was clipped off as
was thne portion of the ramus of the mandible posterior to

S

the last molar,

(2) The specimen was then placed in a small glass container with
2 oround glass 1id and covered with a 109 solution of

[ =%
I

cormrercial nitric acid ((Oj &UN) in wvater.

(n) &After U8 hours the lateral surface of the mandible covering

the molars vas trimmed away with a scalpel and the molars were
sxtracted. The acid solution was changed and the trirmmed
mandibles returned to the acid bath for an additional 412 hours.

(4) The individual specimens were then identified by attaching a
small aluminum number tag, and were rinscd in water for a few
minutes. They were then placed in 2% potassium alum solution
for a La-hour pericd to neutralize the acid.

>

(5) Specimens were then rinsed in rvunning tap water for 3C
ninutes prior te dehydration.

Dehvdration.

Specimens were moved progressively through 50, 70, 30, 90, 95,
100 percent alcohols allowing four or five hours in each alcchol
concentration.

Clearing

peylolintabs o g

Cedar oil wvas used as the clearing agent, changing once after two
hours and leaving overnight in tne f£inal bath.

Infiltration.

“Tissue mat” (Fisher) 60-63° was used for both infiltration and
enbedding. The specimens were passed through three lots of melted
1

tissue mat’' in a constant temperature oven set at 55°C. The
time interval in each lot was about one hour.
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Embedding.

The jaw specimens were embedded in tissue mat with the lateral
(trimmed) surface of the mandible down. The paraffin blocks
containing the specimens were labelled with the approvriate
let number.

Sectioning.

(1) Blocks were trirmed and then mounted on wooden holders by
heating the wooden block te the charring point on the coil
of a hot plate, and then pressing the charred end into the
block
block.

(2} The trimmed block was then inserted in a microtome and after
orientation sagital sections were cut until the center of the
incisoyr tooth was reached.

(3) Ribbon sections were then cut and saved for mounting.
Mounting,

(1) Two or three drops of Mayer's albumen fizative were placed
on a previously acid-cieanced microscope slide.

(2) Pive or six drops of tap water were flooded on the slide and
mixed with the Mayer's fixative.

(%) Desirable sections were then transferred to the liquid on
the slide. Usually four sections tec a slide.

() The slide was then placed on the metal top of a serological
bath (CENCO) with water temperature about £5°C,

(5) Slides were carefully watched at this stage as over-heating

is undesirable. When the sections were flattened satisfactorily
the excess fluid was drained off over the edge of the slide onto
a paper towel.

I . . 1
(u) Scctions were then placed on a wire mesh screen elevated one
inch above the surface of the metal plate covering the vater

bath and allowed to dry.

Staining.

The sections were stained by the progressive hematoxnylin-eosin
method as follows:




Staining (continued).

iv

Mylol I - 2 mins. (changed after every 15 slides).

Fviol ITI - 2 mins.

Alcohol - 2 mins, each - 95, 80: 70, 50, »C

(changed after each 15
Tap water - 2 mnins.
Hematoxylin - I mins.
Alkaline tap water - 1 min,
Alcohol - 2 mins. each 15, 30, 50, 70, {0, 95
Losin in absolute aicohol - 5 mins,

]

Carbol-¥ylol - 2 mins.

o
-

Xvlol - ains.

Canada Balsam mounting.

A
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Diagrammatic Illustration of a Lower Incisor Lection.
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APPENDIX TABLZ 1. Analyis of Covariance of Gains (y) and Feed Intakes (x) of Guinea Pigs on Various
Levels of Dietary Fluorine Intake.

Source of 2(xy) _ Covariance Xy b
variation D/F Group totals MNo. Individuals 2 (x-x)(y-v) %y
Total B 10,088,087 171,203
‘f Fluorine treatments 6 52,719,162 5 10,54%,8%% 26,957
Groups 1-5 vs. 6=7 1 29,506
Remainder 27 11k, 745 hehg .8 0.67 0o.1042
Correction factor 562h 3¢ 65,050 = 10,514,880
55

1l
N
|
@
R
<

!

1

Covariance xy

D/F
wr C : — [XeiNe = h2lo. 8 = 0.070%
Xy ovariance = hoso = h2ho & = 0.070
po - Ty 7
sx X sy 31.% 3¢ 201.9 67539.6
b = Covariance xv 1olo.8 = 0.1042 grams gain/gram feed intake.

Variance x Lo, 78k




APPENDLX TABLE 2, Effect of Dietary Fluorine on Odontoblast Height (y).

ANALYSIS OF VARIANCE

p—-
sy ) .
Source D/F Group totals MNo. Individual Z(y-=v)" s s I Value
/ Obs. Hac.
N i~
Total 169 191,167 16,511
Total Groups L8 180,485 5,820 1231 ,bh
Between F levels & 176, 020 2,272 378,67 oo o217 2.0%
Between locations .
measured ¢ 176,254 1,600 266.CT 3.02 2,17 2.99
Interaction 25 1,957  sk.35 <1
Remainder 171 10,582 88.28 o)

- - ~;
Correction factor  ShLo® = 170,050




APPENDIH TABLL 2. #iffect of Dietary Fluorine on Ameloblast llei

ARALYSIS OF VARTANCH

. - 2 =2 el .
Source D/¥ 2 x 2(x-%) s S F Value
Grouvn tobtals Mo, Individual Obs. Mec,
re N1
P P IR
Total , 201 174,750 np,060
Total Groups L8 147,015 1,527  302.6
Detween F levels 153,000 1,011 1€5.5 3.5% 2U1G Ao
Between locations
measured & 155,401 13,003 2157.2 e 07 2014 2,00
. — — —
Interaction IS 515 1,25 L1
Remainder 15% 7,755 5055 7.
\ . ety =y L an
Correction factor =550 = 1;);;:,‘4-8:;
O
Conh 4l
<
bl
[l
o
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APPENDIX FIG. 3. - Ameloblast and odontoblast heights of Guinea Pigs
on various dietary fluorine levels as measured at:
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APPENDIX FIG.%. - Ameloblast and Odontoblast heights of Guinea Pigs on
various dietary fluorine levels as measured at:
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APPENDIX FIG.5. - Ameloblast and Odontoblast heights of Guinea Pigs on
various dietary fluorine levels as measured at:
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APPENDIX FIG.6. - Ameloblast and Odontoblast heights of Guinea Pigs on

Cell heights in microus

various dietary fluorine levels as measured at:
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APPENDIX FIG. 7. - Ameloblast and Odontoblast height of Guinea Pigs
on various dietary fluorine levels as measured at:
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APPENDIX FIG.8. - Ameloblast and Odontoblast heights of Guinea Pigs on

Cell heights in microns
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APPENDIX FIG.G. - Ameloblast and Odontoblast height of Guimnea Pigs on
various dietary fluorine levels as measured at:
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